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Introduction

MicroRNAs (miRNAs; miRs) have a fundamental role in 
cancer initiation, progression, and treatment response. 
Recent genomic studies have identified deregulation of 
several miRNAs in nasopharyngeal carcinoma (NPC), and 
have identified potentially clinically relevant prognostic 
miRNA signatures (1-3). Based on a number of reports 
that have described the presence of tumour-specific 
biomarkers circulating in the plasma of patients for many 

tumour types (4,5); tumour-specific miRNA signatures 
might prove to be highly useful as early, non-invasive tools 
for diagnosis and prognosis. Furthermore, in addition 
to a number of miRNAs encoded in the human genome 
that are determined to be deregulated in NPC, expression 
of miRNAs encoded by the Epstein-Barr virus (EBV), 
known to be the most common causal agent in NPC 
(6,7), have also been detected in these tumours. EBV-
associated miRNAs might well be functioning as drivers of 
NPC tumorigenesis and progression. In addition to their 

Review Article

MicroRNAs in nasopharyngeal carcinoma

Tara Spence1, Jeff Bruce1, Kenneth W. Yip1, Fei-Fei Liu1,2,3

1Department of Radiation Oncology, Princess Margaret Cancer Centre, UHN, Toronto, Ontario, Canada; 2Department of Medical Biophysics, 

University of Toronto, Toronto, Ontario, Canada; 3Department of Radiation Oncology, University of Toronto, Toronto, Ontario, Canada

Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors; (III) Provision of study materials or patients: None; 

(IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Dr. Fei-Fei Liu. Department of Radiation Oncology, Princess Margaret Cancer Centre, 610 University Avenue, Toronto, Ontario, 

M5G 2M9, Canada. Email: Fei-Fei.Liu@rmp.uhn.on.ca.

Abstract: It is becoming increasingly evident that aberrantly expressed microRNAs (miRNAs) are 
responsible for a number of disease processes, including cancer initiation and progression. miRNAs have 
been implicated as key players in numerous neoplasms, including nasopharyngeal carcinoma (NPC). 
Functionally, deregulation of miRNAs that act either as tumour suppressors or oncogenes results in 
numerous cancer-associated phenomena, including changes in proliferation, migration, and cell survival. 
Furthermore, miRNA expression has been associated with chemoresistant or radioresistant phenotypes; 
highlighting the importance of miRNAs in mediating oncogenic processes. Prognostic and predictive 
miRNA signatures have been defined for a variety of cancer types, including NPC, whereby these 
signatures offer a potentially important clinical tool for assessing the disease state, as well as predicting 
treatment response and clinical outcome. Therefore, further examination and validation of miRNAs that 
are deregulated in NPC will provide insight into the fundamental drivers of this disease, which will aid in 
the identification of novel targeted treatments. This review summarizes recent advances in the study of 
miRNAs in NPC, with specific discussion on the role of miRNAs in NPC pathogenesis and the potential 
utility of miRNAs as prognostic biomarkers. Our increasing understanding of the role of miRNAs in NPC 
tumorigenesis and their application as novel biomarkers will undoubtedly prove useful in the stratification of 
future patients into clinically relevant treatment classifications, thereby improving and personalizing disease 
management.

Keywords: MicroRNA (miRNA); nasopharyngeal carcinoma (NPC); prognostic biomarker; Epstein-Barr virus-

miRNAs

Submitted Dec 22, 2015. Accepted for publication Jan 21, 2016.

doi: 10.21037/cco.2016.03.09

View this article at: http://dx.doi.org/10.21037/cco.2016.03.09



Spence et al. MicroRNAs in nasopharyngeal carcinoma

© Chinese Clinical Oncology. All rights reserved. Chin Clin Oncol 2016;5(2):17cco.amegroups.com

Page 2 of 11

enormous potential as putative biomarkers, exploring the 
role of miRNAs in NPC pathogenesis will likely inform 
important insights into NPC biology, including regulation 
of proliferation, migration, invasion, and apoptosis, as well 

as resistance to chemotherapy and radiation therapy. In this 
article, we will review the functional role of miRNAs in 
NPC pathogenesis, and examine their potential for use as 
prognostic and predictive biomarkers.

MicroRNAs

miRNAs are a family of endogenous, non-coding RNAs 
of approximately 22 nucleotides in length (8). miRNAs 
have been implicated as both oncogenes and tumour  
suppressors (9), importantly influencing tumour initiation, 
progression, and response to treatment. Functionally, 
miRNAs predominantly act by directly binding to specific 
sequences in target mRNA transcripts to repress protein 
translation (8). Alternative mechanisms of regulation also 
exist, such as positive regulation of mRNA targets, or 
immediate degradation of mRNA transcripts (10-12). A 
single miRNA may target thousands of downstream targets 
based on in silico prediction algorithms (13), rendering 
them as powerful mediators of transcriptional regulation, as 
well as highlighting their potential as therapeutic targets. 

Biogenesis and processing of microRNAs

The majority of miRNAs are encoded within intergenic 
regions and produced from distinct loci, although 
approximately 30% of miRNAs are encoded within intronic 
regions of protein coding genes (14). During canonical 
miRNA biogenesis (see Figure 1), transcription of miRNAs 
occurs primarily via RNA polymerase II (Pol II), either 
from a miRNA specific promoter or from the promoter of 
the gene in which they reside, though RNA polymerase III  
(Pol III) is also responsible for transcription of a subset 
of miRNAs (15,16). First, miRNAs are transcribed into 
primary miRNAs (pri-miRNA), which exist as stem-loop 
structures and vary from hundreds to thousands of base-
pairs in length (17). Pri-miRNAs are then cleaved by 
the Microprocessor complex, composed of DROSHA, 
a double-stranded RNase III, and DiGeorge syndrome 
critical region 8 (DGCR8), a double-stranded RNA binding 
protein (18,19). A pri-miRNA sequence can produce an 
individual miRNA or encode clusters of two or three 
miRNAs. The Microprocessor cleaves the pri-miRNA 
into a ~60–70 nucleotide stem-loop structure called the 
precursor miRNA (pre-miRNA), which is then exported 
from the nucleus to the cytoplasm by Exportin-5 and ras-
related nuclear protein guanosine triphosphate (RAN-
GTP) for further processing by the RNase III Dicer and 

Figure 1 Canonical miRNA biogenesis. During canonical miRNA 
biogenesis, pri-miRNA transcripts are processed in the nucleus 
by RNA polymerase II (or sometimes III) and cleaved by the 
Microprocessor complex comprised of DROSHA and DGCR8, 
producing the pre-miRNA transcript. The pre-miRNA is exported 
into the cytoplasm by the Exportin5-RAN-GTP complex and 
processed into its mature form by the Dicer-TRBP complex. The 
mature miRNA is loaded into the miRISC complex with Ago2 
and the target mRNA, resulting in translational repression or 
degradation of the target mRNA transcript. DGCR8, DiGeorge 
syndrome critical region 8; miRISC, miRNA-induced silencing 
complex; pre-miRNA, precursor miRNA; pri-miRNA, primary 
miRNA; RAN-GTP, ras-related nuclear protein guanosine 
triphosphate; TRPB, TAR RNA-binding protein.
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TAR RNA-binding protein (TRBP) (17). The mature 
miRNA is preferentially derived from the guiding strand of 
the pre-miRNA duplex, and is subsequently bound by the 
miRNA-induced silencing complex (miRISC). The miRISC 
complex mediates sequence specific binding to target 
mRNA transcripts, subsequently leading to either mRNA 
degradation or translational inhibition (19,20). 

MicroRNAs in cancer

A number of important biological processes are regulated 
by miRNAs through their ability to regulate mRNA levels 
post-transcriptionally via direct binding and target cleavage, 
or translational repression (8,13). A single miRNA regulates 
the expression of a large cohort of mRNAs, often regulating 
many functionally related pathways to simultaneously 
control a broad cellular function such as differentiation, 
proliferation, or apoptosis. Thus, abnormal expression of 
miRNAs may lead to malignant transformation (21-25), and 
the association between miRNA deregulation and cancer 
has been reported in almost all human malignancies, with 
numerous miRNAs characterized as key oncogenes or 
tumour suppressors. Additionally, miRNAs are frequently 
located at fragile sites of the genome (26), highlighting 
their susceptibility to mutational events. Furthermore, 
comprehensive expression profiling of miRNAs in cancer 
has uncovered the potential for miRNA expression 
signatures to predict response to treatment and patient 
outcome (4,27,28).

MicroRNAs in nasopharyngeal carcinoma

The majority of NPC cases (75–90%) are diagnosed once 
the disease has reached an advanced stage (29), which 
attributes to the high level of metastasis, high risk of 
recurrence, and poor outcomes observed for NPC patients. 
Furthermore, nearly all cases of NPC are associated with 
EBV (6,7) despite its rare presence in normal adjacent 
epithelial tissue (30), highlighting the potential of EBV as a 
biomarker for NPC diagnosis. Importantly, EBV expresses 
few viral proteins in NPC (31); however, several EBV-
encoded miRNAs are highly expressed, suggesting the 
pathogenic mechanisms of NPC are not only regulated 
by EBV-encoded proteins but underscore the potential 
importance of EBV-associated miRNAs in NPC. Thus, 
a thorough understanding of the expression patterns and 
function of EBV-encoded miRNAs, particularly with 
respect to their utility as early diagnostic biomarkers and 

as prognostic biomarkers for aggressive disease, could be 
potentially relevant and important for NPC detection and 
disease management. 

Though thousands of miRNAs have been discovered 
within the past decade, with advancements in DNA 
sequencing, we anticipate that a number of additional NPC 
associated miRNAs will emerge. Circulating miRNAs 
associated with NPC are of particular interest, as they 
present an exploitable tool for early detection, diagnosis 
and staging, as well as prognosis and treatment outcome 
prediction. Several global profiling studies have recently 
demonstrated that altered miRNA expression occurs in a 
spectrum of head and neck cancers. In NPC specifically, 
under-expression of the tumour suppressor miRNAs, 
including miR-29c, miR-9, let-7 family, miR-200 family, 
and overexpression of oncogenic miRNAs, such as miR-
18a/b, miR-141, miR-155, miR-214, have been observed, as 
described in the following section. A summary of miRNAs 
with validated targets that are deregulated in NPC is shown 
in Table 1. 

Tumour suppressor microRNAs

Expression of miR-29c is significantly diminished in NPC 
as compared to normal nasopharyngeal epithelium, and 
miR-29c has been shown to directly inhibit numerous 
targets involved in extracellular matrix synthesis and 
function (34). Furthermore, miR-29c also mediates its 
tumour suppressive effects through inhibition of the T cell 
lymphoma invasion and metastasis 1 (TIAM1) gene, thereby 
promoting migration and invasion of NPC cells (32). 
Importantly, reduced expression levels of miR-29c have 
been associated with chemoresistance and radioresistance 
in primary NPC as well as in vitro and in vivo cell models, 
mediated by targeting anti-apoptotic proteins myeloid cell 
leukemia 1 (MCL-1) and B-cell lymphoma 2 (BCL-2) (33).

One of the most commonly implicated miRNAs in NPC 
pathogenesis is miR-9. In addition to NPC, this miRNA 
has been implicated in numerous other malignancies, and 
its tumour suppressive functions have been thoroughly 
described. miR-9 is a highly conserved miRNA (70) 
and appears to function in the regulation of numerous 
essential cellular processes, mediating proliferation, 
apoptosis, invasion, metastasis, angiogenesis and epithelial-
mesenchymal transition (EMT) (71-73). Low levels of  
miR-9 expression in NPC are associated with more 
aggressive phenotypes and poorer survival. miR-9 has 
been shown to function as a tumour suppressor in NPC by 
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Table 1 Summary of microRNAs deregulated in nasopharyngeal carcinoma that have validated targets and prognostic implications

miRNA Validated targets in NPC Functional regulation in NPC Prognostic association

Tumour suppressor miRNAs

miR-29c TIAM1 (32), MCL-1 (33), BCL-2 (33), 

extracellular matrix proteins (34)

Invasion, metastasis; associated with 

chemoresistance and radioresistance

Negative (33)

miR-9 CXCR4 (35), IFN-regulated genes (36), 

MHC class I (36)

Proliferation, migration, invasion; immune 

modulation; predicts outcome

Negative (35)

let-7 MYC (37), HMGA2 (38), EZH2 (39) Proliferation, apoptosis

miR-200 family ZEB2 (40), CTNNB1 (40) Proliferation, migration, invasion, epithelial-

mesenchymal transition

miR-375 MTDH (41) Predicts recurrence Negative (41)

miR-451 MIF (42) Proliferation, invasion; predicts outcome Negative (42)

miR-26a EZH2 (43,44) Proliferation  

miR-98 EZH2 (45) Predicts recurrence Negative (45)

miR-216b K-RAS (46) Proliferation, invasion

miR-34c MET (47) Proliferation, invasion

Oncogenic miRNAs

miR-18a Dicer1 (48) Global downregulation of miRNA expression Positive (48)

miR-18b CTGF (49) Proliferation

miR-141 PTEN, UBAP1, BRD3 (50) Proliferation, migration, invasion, apoptosis

miR-155 JMJD1A (51), BACH1 (51) Proliferation, migration, invasion; prognostic 

for tumour stage; predicts outcome

Positive (51)

miR-144 PTEN (52) Proliferation, invasion, metastasis

miR-214 LTF (53) Proliferation, metastasis, apoptosis

miR-30a E-cadherin (54) Invasion, metastasis

miR-149 E-cadherin (55) migration, invasion, epithelial-mesenchymal 

transition

miR-93 TGFβRII (56), DAB2 (57) Invasion, metastasis

miR-504 NRF1 (58) Predicts radioresistance Positive (58)

EBV-encoded 

BART miRNAs

PTEN (59), PUMA (60), BIM (61), 

DICE1 (62), E-cadherin (63), TOMM22 

(64), IPO7 (64), Dicer (65), MICB (66)

Epithelial-mesenchymal transition; predicts 

outcome and response to radiotherapy

Positive (59,67-69)

Prognostic association: patient tumour or plasma expression levels are higher (positive) or lower (negative) than non-tumour 

controls; thus, decreased levels of tumour suppressor miRNA expression are correlated with poorer prognosis, and increased 

levels of oncogenic miRNA expression are correlated with poorer prognosis, as compared to healthy controls. Abbreviations: 

BACH1, BTB and CNC homology 1; BCL-2, B-cell lymphoma 2; BIM, Bcl-2-interacting mediator of cell death; BRD3, 

bromodomain containing 3; CTGF, connective tissue growth factor; CTNNB1, catenin (cadherin-associated protein) and beta 1; 

CXCR4, chemokine (C-X-C motif) receptor 4; DAB2, disabled homolog-2; DICE1, determination of interleukin 4 commitment 1; 

EZH2, enhancer of zeste homolog 2; HMGA2, high-mobility group A2; IFN, interferon; IPO7, importin 7; JMJD1A, Jumonji Domain 

1A; LTF, lactotransferrin; MHC, major histocompatibility complex; MCL-1, myeloid cell leukemia 1; miRNA, microRNA; MIF, 

macrophage migration inhibitory factor; MICB, major histocompatibility complex class I-related chain B; MTDH, metadherin; NPC, 

nasopharyngeal carcinoma; NRF1, nuclear respiratory factor 1; PTEN, phosphatase and tensin homolog; PUMA, p53 up-regulated 

modulator of apoptosis; TGFβRII, transforming growth factor-β receptor II; TIAM1, T cell lymphoma invasion and metastasis 1; 

TOMM22, translocase of outer mitochondrial membrane 22 homolog; UBAP1, ubiquitin associated protein 1; ZEB2, zinc finger 

E-box binding homeobox 2.
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targeting chemokine (C-X-C motif) receptor 4 (CXCR4) to 
inhibit cell proliferation, migration and invasion (35). miR-9 
also regulates the innate immune response in NPC through 
regulation of multiple genes that are induced by interferon, 
as well as MHC class I molecules (36). Importantly, the 
ability of miR-9 to function as an individual prognostic 
biomarker for NPC metastasis has also been demonstrated, 
whereby miR-9 expression is correlated with reduced 
proliferation, migration and invasion in NPC cells, and 
low-levels of miR-9 expression are correlated with advanced 
tumour stage (74).

The tumour suppressive role of the let-7 family of miRNAs 
has been well documented in a multitude of tumour types 
as well. In NPC, expression of the let-7 family of miRNAs 
is globally reduced (37,75) and these miRNAs have been 
shown to directly regulate key oncogenic targets in NPC, 
such as MYC (37), high-mobility group A2 (HMGA2) (38),  
and enhancer of zeste homolog 2 (EZH2) (39). Thus, 
reduced let-7 family miRNA expression in NPC leads to 
increased cellular proliferation and reduced apoptosis.

The miR-200 family is also downregulated in NPC, 
resulting in increased cell growth, migration and invasion 
of NPC cells as a result of repression of the putative miR-
200 targets zinc finger E-box binding homeobox 2 (ZEB2) 
and catenin (cadherin-associated protein) and beta 1  
(CTNNB1), resulting in increased NPC cell growth, 
migration and invasion (40). Furthermore, decreased miR-
200a expression is associated with inducing epithelial-
mesenchymal transition, with miR-200a over-expression 
conversely linked with a more epithelial-like state in NPC 
cells, a process that occurs via the regulation of ZEB2 and 
β-catenin signaling by miR-200a (40).

Numerous other miRNAs have been implicated as 
tumour suppressors in NPC, including miR-375, miR-451, 
miR-26a, miR-98, miR-216b, and miR-34c. miR-375 has 
been reported as a potential tumour suppressor in NPC, 
functioning through inhibition of the oncogenic protein 
metadherin (MTDH). Interestingly, NPC cases with 
MTDH overexpression exhibited an increased risk of disease 
recurrence (41). Low miR-451 expression was associated 
with decreased survival in NPC patients, and has been 
shown to function by increasing cell growth and invasion 
by targeting macrophage migration inhibitory factor (MIF) 
in NPC cells (42). miR-26a, miR-98, and miR-101 have all 
been reported to function similarly as tumour suppressors 
in NPC (45). Under-expression of these miRNAs in NPC 
leads to de-repression of EZH2, causing loss of repression 
of targets of EZH2 regulation, including c-Myc, cyclins D3 

and E2, and cyclin-dependent kinase 4 (CDK4) and CDK6 
(43,44). Lastly, miR-216b has been shown to promote NPC 
growth and invasion by targeting K-RAS (46); conversely, 
miR-34c has been shown to suppress growth and metastasis 
by targeting the proto-oncogene MET (47), both of which 
are significantly downregulated in primary NPC tissues.

Oncogenic microRNAs

Over-expression of a number of oncogenic miRNAs 
has been described in NPC. miR-18a and miR-18b are 
members of the miR-17~92 oncogenic miRNA cluster, 
which has well documented oncogenic functions in 
various tumour types (76). In NPC, miR-18a is highly 
over-expressed (70), resulting in direct inhibition of the 
miRNA biogenesis regulatory protein Dicer1, causing a 
global downregulation of miRNA expression in NPC (48). 
miR-18b is also over-expressed in NPC, which has been 
associated with disease progression and poor outcome. miR-
18b functions to repress connective tissue growth factor 
(CTGF), thereby enhancing cellular proliferation (49).

Over-expression of miR-141 in NPC has been linked 
with increased cell growth, migration and invasion, as well 
as loss of cell cycle regulation and reduced apoptosis. This 
regulation is thought to occur through down-regulation of 
the putative target genes phosphatase and tensin homolog 
(PTEN), ubiquitin-associated protein 1 (UBAP1), and 
bromodomain containing 3 (BRD3) in NPC. Additionally, 
expression of miR-141 is regulated by the oncogenes 
c-Myc and short palate, lung, and nasal epithelium clone 1 
(SPLUNC1) (50), highlighting the tight regulatory network 
involving miR-141 in NPC. 

Expression of miR-155 stimulates proliferation, 
migration and invasion by regulation of target genes Jumonji 
Domain 1A (JMJD1A) and BTB and CNC homology 1 
(BACH1), and its expression has been strongly associated 
with tumour stage and patient survival. Interestingly, 
regulation of miR-155 occurs through the EBV-encoded 
LMP1 and LMP2A proteins (51,77). In addition, miR-
144 is over-expressed in NPC and also functions to inhibit 
PTEN expression, causing increased cell proliferation, 
invasion, and metastasis (52). miR-214 has also been closely 
linked with increased metastasis in NPC, both in cell lines 
and primary human samples, functioning at least in part 
via inhibition of the tumour suppressor lactotransferrin  
(LTF) (53). Furthermore, miR-214 has been shown to 
enhance proliferation and promote an anti-apoptotic 
phenotype in NPC cells (78). In addition to miR-155, 
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miR-144 and miR-214, a number of other miRNAs 
over-expressed in NPC also contributed significantly to 
enhancing the metastatic phenotype of NPC. miR-30a has 
been shown both in vitro and in vivo to increase metastasis 
and invasion by inhibiting E-cadherin activity (54). 
Furthermore, expression of miR-149 was elevated in highly 
metastatic NPC cells, contributing to increased migration, 
invasion and epithelial-mesenchymal phenotypes through 
E-cadherin inhibition (55). miR-93 has been reported  
to inhibit transforming growth factor-β receptor II 
(TGFβRII) (56) and disabled homolog-2 (DAB2) (57), 
thereby regulating tumour cell growth invasion and 
metastasis. Finally, miR-504 was also recently implicated 
as an oncogenic miRNA in NPC, functioning to directly 
target nuclear respiratory factor 1 (NRF1), wherein 
increased expression correlated with poor response to 
radiation therapy (58). 

Epstein-Barr virus (EBV)-associated small RNAs and 
microRNAs in nasopharyngeal carcinoma (NPC)

The EBV encodes a number of small non-coding RNAs 
with oncogenic properties, including EBV-encoded small 
RNAs (EBER) 1 and 2, and BamH1-A region rightward 
transcript (BART) miRNAs (79). The involvement of these 
miRNAs and small non-coding RNAs in NPC pathogenesis 
are detailed in the following section.

Epstein-Barr virus (EBV)-encoded microRNAs

Since the discovery of the first EBV-associated miRNA in 
2004 (80), a total of 48 mature miRNAs encoded by EBV 
in 25 precursor miRNAs have been identified, located in 
two major coding regions of the virus; BART (encoding 44 
mature miRNAs) and the open reading frame of the BHRF1 
gene (encoding 4 mature miRNAs) (81,82). Numerous 
studies have identified over-expression of BART miRNAs 
in NPC (81,83,84). Interestingly, unlike the BART encoded 
miRNAs, BHRF1-miRNAs have not been found in EBV-
associated NPC tissues (85). EBV-associated miRNAs are 
known to modulate multiple viral and human mRNAs. For 
example, BART miRNAs have putative binding sites in 
numerous EBV mRNA targets, including LMP1 (targeted 
by miR-BART1, 9, 16, and 17), and LMP2A (targeted by 
miR-BART22). BART-miRNAs have been functionally 
shown to modulate cellular proliferation, survival, and 
evasion of host immunity (86,87). 

Human targets  of  the  BART-miRNAs inc lude 

numerous cancer-associated proteins, such as PTEN (59), 
p53 up-regulated modulator of apoptosis (PUMA) (60),  
Bcl-2-interacting mediator of cell death (BIM) (61), 
determination of interleukin 4 commitment 1 (DICE1) (62),  
E-cadherin (63), and translocase of outer mitochondrial 
membrane 22 homolog (TOMM22) (64). In addition, 
BART miRNAs target a number of genes associated with 
host immune regulation, including importin 7 (IPO7) (64), 
dicer (65), and major histocompatibility complex class 
I-related chain B (MICB) (66).

A recent study reported that miR-BART1 was highly 
expressed in NPC, and was closely linked with advanced 
pathological and clinical stage (59). Furthermore, increased 
miR-BART1 expression resulted in enhanced migration 
and invasion in NPC cells in vitro and induced tumour 
metastasis in vivo. Significantly, this study defined the 
PTEN tumour suppressor as a direct target of miR-
BART1. Functionally, miR-BART1 expression was found to 
drive epithelial–mesenchymal transition as a consequence of 
PTEN suppression, and subsequent activation of the PI3K-
AKT, FAK-p130Cas and Shc-MAPK/ERK1/2 signaling 
cascades, leading to increased NPC cell migration, invasion 
and metastasis (59). Additionally, the level of miR-BART17 
quantified in the plasma of NPC patients was significantly 
elevated in comparison to healthy control individuals (67),  
further indicating the potential of BART miRNAs as 
biomarkers for NPC. Another recent study identified 
high extracellular levels of two EBV-BART-miRNAs 
(miR-BART7 and 13) in the plasma of NPC patients, 
and although these levels were highly variable between 
patients, expression was markedly absent in the plasma 
of both non-NPC and healthy patient controls (68). 
Importantly, higher levels of miR-BART7 were associated 
with a more advanced disease stage. Furthermore, plasma 
levels of both miR-BART7 and 13 were significantly 
diminished following treatment with radiotherapy, and 
when used in combination, these miRNAs provided a 90% 
predictive confidence of NPC outcome. The significant 
variation in miR-BART7 and 13 between NPC plasma 
samples however, might well limit their role as predictive 
biomarkers. Nonetheless, this study demonstrated the 
potential use of these miRNAs to serve as additional 
biomarkers for NPC diagnosis and prediction of treatment 
response, with significant promise for monitoring disease 
remission and recurrence. Importantly, expression of miR-
BART7 was significantly elevated in NPC cells that were 
resistant to chemotherapeutic treatment with cisplatin (69).  
Future studies examining the biological functions of 
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miR-BART7 and 13 will be essential to determine the 
functional relevance of these putative biomarkers. Taken 
together, EBV-encoded miRNAs play a fundamental role in 
controlling key disease processes, including modulation of 
cellular proliferation and survival and regulation of the host 
immune response in EBV-associated NPC.

EBV-encoded small RNAs (EBERs) (small non-coding 
RNAs)

In addition to the miRNAs encoded by EBV, the NPC-
associated virus also encodes small non-coding RNAs. The 
EBV-encoded small RNAs EBER1 and EBER2 are clearly 
implicated in NPC pathogenesis, with evidence supporting 
a role for EBER1 and EBER2 in enhancing cell growth and 
survival, and modulating innate immunity in patients (88). 
Additionally, these small RNAs (167 and 172 nucleotides in 
length, respectively) are the most abundantly expressed EBV 
viral transcripts and are expressed at significantly elevated 
levels in NPC cells, with up to 1 million copies per cell. 
The proliferation inducing effects of EBER1 and EBER2 
are mediated, at least in part, through promotion of insulin-
like growth factor-1 (IGF-1) expression through induction 
of toll-like receptor 3 (TLR3) signaling (88). The link 
between EBER and IGF-1 is further evidenced by the high 
level of IGF-1 expression detected in primary NPC biopsies 
and the dependency of EBV-positive NPC cell line C666-1  
cell growth on IGF-1 signaling (88). Recently, EBER 
was causally linked to NPC development via induction of 
retinoic acid-inducible gene 1 (RIG-1), a cytosolic protein 
that detects double-stranded RNA. Upon detection of 
EBER by RIG-1, a pro-inflammatory response is initiated 
in NPC cells through activation of canonical transcription 
factors, including NF-κB and interferon regulator factor 3 
(IRF3), which resulted in increased growth for both in vitro 
and in vivo models of NPC (89). Importantly, this was the 
first report to link EBER and RIG-1 signaling in NPC. 

MicroRNAs as diagnostic and prognostic 
biomarkers in nasopharyngeal carcinoma

Due to the difficulty in stratifying NPCs into clinically 
relevant treatment classifications, reliable molecular 
biomarkers are needed for accurate prognostication. 
Profiling studies in a variety of cancer types have 
demonstrated that miRNA expression varies significantly 
between normal and tumour tissue (90-92). Additionally, 
miRNA expression signatures are capable of discriminating 

between tumour sub-types, offering a tool for accurate 
diagnosis and for differentiating tumours into clinically 
informative categories. In particular, EBV-encoded 
miRNAs have been identified as useful biomarkers for 
NPC diagnosis and screening (68,84). miRNAs also offer 
significant potential as sensitive and specific biomarkers for 
cancer prognosis and treatment prediction. Interestingly, 
several of the miRNAs identified in predictive signatures for 
NPC and other cancers have been directly associated with 
enhancing tumour initiation or progression, suggesting that 
many of these predictive miRNAs are also responsible for 
driving tumorigenesis. For instance, Liu et al. identified a 
5-miRNA prognostic signature (miR-26a, miR-29c, miR-
30e, miR-93, and miR-142) for NPC that was significantly 
associated with overall, disease-free, and distant metastasis-
free survival (93). Additionally, our group recently identified 
a highly accurate, non-overlapping 4-miRNA prognostic 
signature, comprised of miR-34c, miR-140, miR-154, 
and miR-449b, also associated with distant metastasis in 
NPC (94). Furthermore, pathway enrichment analysis of 
these 4 miRNAs indicated a role in cell cycle regulation, 
highlighting a potentially important role for markers of cell 
cycle activation as prognostic indicators in NPC (94). The 
causal link between miRNAs and tumour initiation and 
progression further underscores their potential utility as 
accurate and reliable biomarkers. Additionally, several of the 
miRNAs identified in these prognostic signatures have also 
been implicated in NPC pathogenesis, including miR-26a, 
miR-29c, and miR-34c (as summarized in Table 1), providing 
additional evidence for their oncogenic importance. 
Moreover, the significance of miRNAs as predictive 
biomarkers is further indicated by evidence associating 
miRNA with chemoresistance and radioresistance in NPC. 
Specifically, miR-29c (33), miR-504 (58), and the EBV-
encoded BART miRNAs (68,69) have been associated with 
resistance of NPC cells to chemotherapy and radiotherapy, 
highlighting the potential utility of miRNA signatures as 
predictive markers. However, though numerous reports 
have demonstrated prognosticating abilities of miRNA 
signatures in cancer [reviewed in (95)], miRNA signatures 
have yet to be employed as biomarkers in the clinical 
setting. Large-scale validation studies will be essential in 
driving the use of these miRNA signatures into clinical 
practice for NPC and other malignancies. 

Conclusions

In summary, our knowledge of the role of miRNAs in NPC 
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pathogenesis is continually unfolding. Further insight into 
the biological effects of miRNAs in NPC pathogenesis will 
inform our understanding of this complex malignancy by 
aiding in the identification of essential disease processes 
to provide useful prognostic biomarkers, and reveal novel 
therapeutic targets for NPC treatment in the future. 
Translation of these findings into clinical application will 
undoubtedly improve disease management for NPC.
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