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Nasopharyngeal carcinoma (NPC) is a polygenic
disease related to a variety of factors. With the
development of the microRNAs (miRNAs) technique,
researchers found a close link between miRNAs and
NPC. Differentially expressed miRNAs exist in NPC
and normal nasopharyngeal tissues; radiotherapy
and chemotherapy also affect the expression of
miRNAs in NPC tissues. Further studies showed
that dysregulation and ectopic expression of miRNAs
were involved in the occurrence and development
of NPC by affecting the expression of oncogenes or
tumor suppressor genes, or acting on relevant signal
transduction pathways. It is of great significance to
investigate the miRNAs related to the occurrence
and development of NPC for the prevention and
treatment of NPC.
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Nasopharyngeal carcinoma (NPC) is a multi-gene
genetic disease, which occurs mainly in southern
China, Southeast Asia, and North Africa. Genetic
susceptibility, Epstein-Barr virus (EBV) infection,
environmental, dietary, such as intake of pickled foods
and other factors are associated with the tumorigenesis
and development of NPC. Its development is also
a multistage process, depending on the regulation
of gene expression in time and space. Due to its
uncertain early symptoms and late diagnosis, NPC
has caused a serious global health problem. Therefore,
it is necessary to clarify the cellular and molecular
mechanisms of dynamic development of NPC, to
determine its biomarker in process and detect its
high-risk factors. MicroRNAs (miRNAs), as a negative
post-transcriptional regulator, have been a hotspot in
research for their dysregulation, ectopic expression, and
involvement in biological processes of tumor."* Here,
we summarized the miRNAs that were involved in the
occurrence and development of NPC, providing new
ideas for monitoring and treatment of NPC.

The structure and biological characteristics of
microRNAs. MicroRNAs are a class of high abundance,
evolutionarily conserved, endogenous non-coding small
single-stranded RNAs molecules, consisting of 18 to 25
nucleotides (nt), widely present in plants and animals.
They are transcribed by RNA polymerase II, to generate
primary miRNA transcripts (pri-miRNAs), which are
processed into approximately 70-nt precursor-miRNA
(pre-miRNAs) with a hairpin structure by enzyme
Drosha, a RNaselIl endonuclease located in the nucleus.
After being transported to the cytoplasm by Exportin 5,
pre-miRNAs are further processed by another RNase
III endonuclease Dicer, which interacts with a group
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of proteins including Argonaute2 (Ago2) to mediate
the process of pre-miRNAs, and the assembly of the
miRNA-containing RNA-induced silencing complex
(miRISC), to generate the approximately 22-nt
mature miRNAs, and exert their effects through the
miRISC.? The mutation/genetic polymorphisms of
the promoter region in pri-miRNAs, pre-miRNAs, or
miRNAs can affect the shear, processing, maturation
and expression of miRNAs. Studies have shown that
more than 50% of miRNAs have been mapped to
tumor-associated genomic regions or fragile sites, and
differential expression of miRNAs could be caused by
the chromosome anomalous amplification, deletion, or
translocation in these regions.? Similar to protein-coding
genes, the transcription of miRNA:s is also regulated by
transcription factors (TFs), and theaberrant regulation of
miRNAs by TFs can lead to phenotypic variations, even
diseases. The TFs that play an important regulatory role
in the miRNAs expression include ETS2, MYB, SP1,
KLF6, NFE2, PCBP1, and TMEM54.° Closing down
chromatin structure by excessive DNA methylation/
decreased histone modification levels also inhibited
the miRNAs expression.® Regarding the functionary
mechanism of miRNAs, compared with the exogenous
RNA interference (RNAi) effector molecules, the
significant difference is that miRNA targets its mRNA
by complete or incomplete complementary pairing,
then induces the degradation of mRNAs through the
classic RNAi pathway or inhibiting protein translation,
or guiding its targeted mRNA to deadenylate rapidly,
resulting in fast decay of mRNA or depression of
mRNA level.'! The MiRNAs have been found to regulate
genes involved in a series of diverse biological processes,
including development, differentiation, stress response,
angiogenesis, adhesion, proliferation, and apoptosis and
so on. The dysregulation of miRNAs may play a crucial
role in tumor pathogenesis.

MicroRNAs — and  nasopharyngeal  carcinoma.
Research has shown that miRNAs are expressed
differentially in NPCtissue/cell lines with various degrees
of differentiation and normal nasopharyngeal epithelial
(NPE). Chemoradiotherapy can affect their expression
in cell lines, with different sensitivity to chemotherapy
and radiotherapy and the direction of regulation. This
is not only related to the dysregulation of miRNAs,
but also EBV, which makes a great contribution to
NPC, and has the function of encoding miRNAs. The
MiRNAs expressed differentially is involved in the
development of NPC by acting on the special genes or
signaling pathway, and is closely associated with their
expression level.
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MicroRNAs differentially expressed in NPC at various
degrees of differentiation and normal nasopharyngeal
epithelium. Li et al” detected 8 cases of NPC tissues,
and 4 cases of normal nasopharyngeal tissues with a
total of 735 human miRNAs in each sample using an
[lumina microarray platform. Thirty-four miRNAs
in all were identified to be differentially expressed.
Of these, compared with the normal samples,
MiR-18a, which belongs to miR-17-92 cluster was
the only overexpressed gene, with 33 underexpressed
miRNAs including the miR-34b/miR-34c cluster,
the miR-195/miR-497 cluster, and most members
of the let-7 family. The MiR-34b and miR-34c were
the top 2 underexpressed miRNAs in NPC among
these miRNAs. The MiRNA microarray assay was
performed on biopsies from different clinical stages
of NPC by Luo et al,’ and their studies showed that
miR-29a/c, miR-34b, miR-34c-3p, miR-34c-5p,
miR-429, miR-203, miR-222, miR-1/206, miR-141,
miR-18a/b, miR-544, miR-205, and miR-149 may play
important roles in the development of NPC. Liu et al®
determined 5 miRNAs that were significantly associated
with disease-free survival (DES), distant metastasis-
free survival (DMFS), and overall survival (OS) of
NPC patients. Of the 5 miRNA of NPC patients,
expression levels of 4 miRNAs (miR-142-3p, miR-29c,
miR-26a, and miR-30e) were positively associated with
DES, DMES, and OS in comparison to non-cancer
nasopharyngitis tissues, whereas the expression level of
the other one (miR-93) was inversely associated with
DFS, DMFS, and OS. When combined with TNM
Classification of Malignant Tumors stage, more accurate
prognostic assessment value can be obtained. Xia et al’
found that the endogenous miR-200a expression level
increased with the degree of differentiation in a panel
of NPC cell lines, namely, undifferentiated C666-1,
low-differentiated CNE-2 and HNEI, and high-
differentiated CNE-1 cells. In addition, through a series
of gains and the absence of functional studies, they
detected that over expression of miR-200a inhibited
C666-1 cell growth, invasion, and migration, while its
knock-down stimulated these processes in CNE-1 cells.
Therefore, it is hypothesized that miR-200a may be
related to the differentiation of NPC.

Effects of chemoradiotherapy on nasopharyngeal
microRNAs expression. Zhang et al'® investigated the
impact of 5-Fluorouracil (5-FU) in combination with
cisplatin on the miRNAs expression profile of NPC
cell line CNE, and high-throughput miRNAs array
technology and the stacking-hybridized universal tag
(SHUT) assay were performed. The study indicated that
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5-FU in combination with cisplatin could significantly
alter the global expression profile of miRNAs in CNE
cells. After 48 hours of treatment with a low-dose
(10% inhibitory concentration [IC10]) of 5-FU and/
or cisplatin, the majority of key miRNAs were shown to
be regulated. When compared to 431 miRNAs detected
in the control cells, 184 miRNAs were significantly
expressed in the 5-FU-treated cells, whereas 336
miRNAs were expressed in the cisplatin-treated cells, and
13 miRNA:s in the cells treated with the combination of
2 drugs. Importantly, most of these key miRNAs that
were shown to be regulated miRNAs are associated
with tumor development, progression, and metastasis.
When examining whether miR-7 expression differed
significantly between CNE-1 and CNE-2 cells, Chen et
al'' used low radiosensitive NPC cells CNE-1, and high
radiosensitive NPC cells CNE-2 exposed to 0 Gy (false
irradiation), 2 Gy (low-dose irradiation), and 8 Gy
(high-dose irradiation) x-ray. The total RNAs of the cell
lines were extracted 10 hours after radiation for reverse
transcription of miR-7. They found that the expression
of miR-7 upregulated after x-ray in the low radiosensitive
cells, while this downregulated in high radiosensitive
cells, with a large amplitude adjustment after low-dose
irradiation, and a minor amplitude adjustment after
high-dose irradiation. Among them, CNE-1 cells with
a 2 Gy exposure had the highest expression level of
miR-7, whereas the non-irradiated CNE-1 cells had the
lowest expression. While CNE-2 cells exposed to 2 Gy
x-ray had the lowest expression level of miR-7, and the
non-irradiated CNE-2 cells had the highest expression
level. Therefore, they speculated that miR-7 may play
an important role in the radioresistance of NPC cells
to x-ray, and the suppression of miR-7 expression may
elevate the radiosensitivity of NPC cells. The above
findings clarified the potential mechanisms of NPC
chemoradiotherapy, and provided new clues for the
treatment of NPC.

Related research regarding miRNAs and the
pathogenesis of nasopharyngeal carcinoma. Numerous
studies have shown the anomalous expression of miRNA
processing enzymes, single nucleotide polymorphisms
(SNDPs), and the interaction of miRNAs with latent
membrane protein 1 (LMP1) encoded by EBV, human
telomerase reverse transcriptase enzyme (hTERT),
COX-2, VEGE and signal transduction pathways
involved in the development, invasion, and metastasis
of NPC.

MiRNA processing enzymes and nasopharyngeal
carcinoma. The MiRNA processing enzymes Drosha
and Dicer play a pivotal role in the maturation of

miRNAs. It is reported”? that the mean protein
expression levels of Dicer and Drosha were significantly
downregulated in NPC cell lines and tissue specimens
in comparison with NPE. Moreover, Dicer and Drosha
protein expression levels were not correlated with age,
gender, or lymph node metastasis, but were significantly
lower in stage III + IV than in stage I + II. The Kaplan-
Meier survival analysis showed that NPC patients
with low expression levels of the Drosha and Dicer
proteins had a significantly shorter PFS and OS than
those with high levels of Drosha and Dicer. Therefore,
the expression levels of Dicer and Drosha enzymes can
be used as potential prognostic biomarkers for NPC.
Luo et al”® found that after miR-18a transduction into
NPC tissues, miR-18a negatively regulated Dicerl
by binding to the 3’ untranslated regions (3’'UTR) of
Dicerl, causing the global down regulation of miRNA
expression levels including the miR-200 family and
miR-143, which directly induced aberrant expression
of the epithelial mesenchymal transition marker
E-cadherin and the oncogene K-Ras, to promote the
growth, invasion, and migration of NPC cells. The
clinical parameter also showed that higher levels of
miR-18a were correlated with NPC advanced stage,
lymph node metastasis, EBV-infection, and a higher
NPC mortality. Therefore, the expression levels of
the miRNAs-processing enzymes are associated with
the occurrence and development of NPC, and it also
becomes a potential regulatory target of NPC.
MicroRNAs involved in the process of EBV-induced
nasopharyngeal carcinoma. It is known that EBV
contributes to the occurrence of NPC. It is shown that
EBV encodes miRNAs, including ebv-miR-BHRF1-1
~ 3 located in the viral genome BHRF1 region, and
ebv-miR-BART1-22 located in the BART region.* In
the latest studies, Wong et al"® detected EBV-miRNA
in NPC. They found that compared with NPE tissues,
29 EBV-miRNA was significantly up regulated in
NPC. Most EBV microRNAs were generally higher
than human microRNAs apart from hsa-miR144 and
hsa-miR451, and were predominantly from the BART
region, with BARTG6-5p changed most significantly.
The expression abundance of all the differentially
expressed EBV microRNAs was higher universally in
tumors than that in non-tumors, with a range of 38
(BART11-3p) to 357 (BART1-3p) in nontumors,
and 81 (BART11-3p) to 2600(BART7) in tumor
biopsies. The EBV-miRNA copy numbers in NPC
patients serum were positively correlated with that in
the cell lines and tissues. In addition, the expression
levels of the 12 EBV miRNAs significantly changed
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were compared between EBV-positive NPC cell line
(C666) and EBV-positive immortalized nasopharynx
epithelium (NP46OhTERTPEBV) by Q-PCR. The
results indicated that the 12 EBV MiRNAs were all
differentially expressed at higher levels in C666 (with
copy numbers ranging from 67 to nearly 107) than in
NP460hTERTPEBYV, even though EBV latent infection
presented in both epithelial cell lines. Plasma ebv-miR-
BART?7 levels from undifferentiated NPC patients were
measured by Chan et al'® using real-time quantitative
polymerase chain reaction (RT-PCR). The results
showed that the plasma ebv-miR-BART7 level was
significantly higher in NPC patients when compared
with that from healthy individuals. Furthermore, the
ebv-miR-BART7 was detectable in all plasma samples
of patients. More significantly, the plasma ebv-miR-
BARTY7 level was independent of the level of EBV DNA.
High-throughput gene expression analysis suggested
that ebv-miR-BART7 enhanced proliferation, invasion,
and migration of NPC cells by affecting multiple
tumor-related pathways in vitro. Moreover, NPC cells
expressing ebv-miR-BART7 were more resistant to
cisplatin. Therefore, plasma EBV-miR-BART7 can be
used for NPC screening, especially when EBV DNA
cannot be detected, and EBV-miR-BART7 can be
suggested as a potential biomarker for undifferentiated
NPC.

In addition, LMP1 is an important type of
tumorigenic virus protein. It is reported that the level
of miR-203 was downregulated substantially in NPC
tissues that were latently infected with EBV. When the
latent EBV genome or suppressed LMP1 is removed, the
miR-203 expression can be restorated.” While ectopic
expression of miR-203 suppressed EBV-induced S-phase
entry and transformation in vivo, overexpression of its
targets E2F3 and CCNG1 could overcome the effects
of miR-203 mimics on the cell cycle. Jun N-terminal
protein kinase (JNK) and NF-B inhibitors blocked
miR-203 down regulation was also observed. Du et
al' assessed the function of miR-155 in NPC. They
found that LMP1 and LMP2A encoded by EBV could
enhance the expression of miR-155 in NPC CNE1 and
TWO03 cells. Moreover, MiR-155 could downregulate
the expression of putative targets of miR-155 JMJD1A
and BACHI1, whereas, miR-155 inhibitors could
upregulate JMJD1A expression in NPC cell lines. Most
importantly, JIMJDIA is associated with the N stage of
TNM staging and cacoethic prognosis of NPC patients.
Therefore, it is expected that miR-155 and JMJDI1A
can be used as potential therapeutic targets in NPC.
That LMP1 could induce the expression of human
telomerase reverse transcriptase (WTERT) and promote
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cell immortalization has also been reported.” Therefore,
miRNAs may increase the understanding of host-virus
interaction, and serum miRNAs level can be used as a
biomarkers of high-risk populations for NPC screening.

MicroRNAs and single nucleotide polymorphisms.
The SNPs are a type of DNA sequence polymorphism
caused by variations of a single nucleotide at the level
of the genome. Genetic research has identified several
SNPs associated with the risk effect of NPC, such as
HLA, cytochrome P4502E1 (CYP2E1), glutathione-
S-transferase M1 (GSTM1), and integrin laminin-
09(ITGA9).* Lung et al* recently found that 3
functionally mature miRNAs, namely, miR-146a,
miR-146a*C, and miR-146a*G, were all upregulated
in NPC specimens. More importantly, miR-146a*C is
preferentially expressed in the CC genotype, which were
further found to elevate the risk of NPC susceptibility.

MicroRNAs inhibit the expression of cell cycle-related
proteins. Cyclin is a class of protein family closely related
to the functional state of the cell cycle, and its expression
level changes with the cell cycle. It plays a regulatory
role in different stages of the cell cycle by binding with
a specific protein kinase and activating its activity. The
studies found that MiRNAs may mediate the occurrence
and development of NPC through the inhibition of cell
cycle-related protein expression. It has been reported
that miR-34 downregulated significantly in NPC,
and it is a direct target of the tumor suppressor gene
p53. The latest study by Cha et al** found that miR-34
targeted a set of highly conserved sites in the UTR of
Wnt and EMT genes, specifically WNT1, WNT3,
LRP6, AXIN2, B-catenin, LEF1 and Snail, leading to
inhibition of TCF/LEF transcriptional activity and the
EMT procedures. The loss of p53 function increased
Wnt activities and promoted the Snail-dependent EMT
procedures. In clinical specimens, the transcription of
TCF/LEF was closely associated with functionality
of p53 and miR-34. This will not only indicate the
physiological relevance of p53-miR-34-Wnt signaling
network, also show the potential and pervasive influence
of miR-34 absence on the oncogenic pathway in human
tumors.

Another study reported that miR-663 plays a role
as a proto-oncogene in NPC.* The MiR-663 directly
targeted P21 (WAF1/CIP1) to promote the conversion
of cells in the G1/S-phase, and the silencing of p21
could restore the inhibitory effects of miR-663 on the
G1/S transition. The MiR-138 generally downregulated
in NPC specimens and NPC cell lines was negatively
correlated with gene expression of its novel target cell
cycle proteins D1 (CCND1). The ectopic expression of
miR-138 dramatically inhibited cell proliferation and
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colony formation in vitro and suppressed tumorigenesis
in vivo. Therefore, it is suggested that miR-138 may
exert as a tumor suppressor gene by inhibiting CCND1
gene expression in NPC.* The let-7 family® have been
demonstrated as negative regulators of the Ras gene to
induce cell cycle arrest and inhibit the cell proliferation
and metastasis. The miR-144% could enhance PAKT
and cyclin D1 expression by inhibiting PTEN (tensin
homologue) expression to activate the PI3K/Akt
pathway, promoting G(1)-phase transition and reducing
E-cadherin, and to promote cell proliferation, invasion,
and migration. The studies above provide a satisfactory
reference for diagnostic markers and treatment in the
process of NPC.

MicroRNAs regulate apoptosis. Tumorigenesis is
closely related to apoptosis suppression. The gene
expression microarray analysis of NPC cells transfected
with miR-1 and luciferase reporter vector assays used
by Wu et al” showed that miRNA-1 could directly
target the PTMA (thymosin alpha) gene and induce
apoptosis of NPC cells. Therefore, the PTMA siRNA
may have potential auxiliary application value in cancer
chemotherapy. It is also reported that low expression
of miR-29¢ was positively associated with therapeutic
resistance of NPC patients. The ectopic restoration of
miR-29¢ could promote apoptosis by inhibiting the
expression of anti-apoptotic factor Mcl-1 and Bcl-2,
and substantially enhance the sensitivity of NPC cells
to ionizing radiation (IR) and cisplatin treatment.”®
Therefore, it is expected that miR-29¢ serve as a
potential therapeutic sensitizer in NPC treatment.

MicroRNAs involvement in tumor angiogenesis.
Tumor angiogenesis is essential for tumor development.
Studies showed that MiRNAs participate in tumor
angiogenesis, and promoted the progress of NPC. It has
been found that miR-218 is frequently downregulated
in NPC and could inhibit NPC progression via
downregulating survivin (BIRC5) and acting on
the SLIT2-ROBO1 pathway involved in tumor
angiogenesis.” Therefore, it is expected that restoring
miR-218 expression in NPC might be widely used
in clinical treatment. Li et al®® constructed a type
of shRNA, which is safer and more effective than
traditional shRNA, based on miRNA structure. Then
they further established a miR-155-based pLVTHM/
shRNAmir lentiviral vector, and successfully silenced
COX-2 that were involved in both tumor angiogenesis,
invasion, and metastasis of NPC cells. Thus, miR-155 is
also a potential target for the prevention and treatment
of NPC. It is also reported that miRNA suppressed
NPC cell growth by downregulating VEGE?' Overall,
miRNAs may mediate the evolution of NPC via
involvement in tumor angiogenesis.

MicroRNAs and other related pathways. Wong
et al*® reported that the let-7 family might inhibit
NPC cell proliferation by downregulating c-Myc gene
expression. The demethylation drugs (5-azacitidine
and zebularine) caused activation of let-7 expression
in poorly differentiated NPC cells. Therefore,
DNA methylation is considered to be a potential
regulatory pathway. However, the extent of DNA
hypermethylation/hypomethylation  in  regulating
let-7 expression still requires further clarification. In
addition, in NPC samples, MiR-375 expression was
significantly decreased, while MTDH was significantly
increased. The MTDH proved to be a target of miR-375.
Reexpression of miR-375 and silencing of MTDH by
siRNA both reduced cell viability, clonogenic survival,
and tumor formation in vivo. The NPC patients with
high levels of MTDH experienced significantly lower
survival, particularly, higher distant recurrence rates.”
Accordingly, it seems that MiRNAs may be involved in
the occurrence and development of NPC via interaction
with multiple genes/pathways.

From the above-mentioned studies, we can conclude
that miRNAs play an important role in the development
of NPC. Part of this role is positively correlated with
the occurrence and development of NPC, while part
is negatively correlated. It is important that existing
research provides new ideas that the prevention and
treatment of NPC may benefit from regulating the
dysregulated miRNAs. The miRNAs that are involved
in the occurrence and development of NPC are
summarized in Table 1.

Perspectives.  With continual development of
miRNA technology, more and more miRNAs that are
involved in the process of NPC and their regulatory
mechanism were investigated and found. Furthermore,
it has been found that partial serum miRNAs levels were
significantly correlated with miRNAs in tissues, which
provides a reference and strategy for NPC screening,
diagnosis, staging, treatment, and prognosis. Moreover,
researchers combined the classic siRNA with miRNA
techniques, thereby increasing the sensitivity and
accuracy of detection. However, NPC is a polygenic
disease; one miRNA targets multiple genes and is also
regulated by multiple genes, thus forming complex
gene regulatory networks, which brings a certain
degree of difhiculty to research of the exact mechanism.
Therefore, there is still a long way to go before complete
elucidation of the function of miRNAs, their related
targets, and regulatory networks. However, this will
enable broad application prospects for miRNAs to be
used in the clinical diagnosis and treatment of tumors.
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Table 1 - MicroRNAs (miRNA) that were abnormally expressed in nasopharyngeal carcinoma cell lines.

MicroRNAs

Biological functions

Expression

miR-18a

miR-34b cluster
miR-34c cluster
miR-195 cluster

Involved in cell growth, invasion and metastasis T

Involved in regulating signaling pathways and cell cycle
Involved in regulating signaling pathways and cell cycle
Involved in regulating signaling pathways, cell cycle and apoptosis

miR-497 cluster Involved in regulating signaling pathways, cell cycle and apoptosis
let-7 cluster Involved in regulating cell cycle cell proliferation, metastasis
miR-200a Involved in cell growth, invasion and metastasis

miR-29a/c Involved in regulating signaling pathways, cell cycle and apoptosis
miR-26a Involved in mitosis and cell cycle

miR-30e Undecided

miR-93 Undecided

miR-1/206/29c Involved in inducing apoptosis, inhibiting invasion and metastasis
miR-141 Involved in inducing cell cycle, apoptosis, growth, migration, invasion
miR-149 Undecided

miR-18a/b Undecided

miR-205 Undecided

miR-544 Undecided

miR-99a/b Undecided

miR-203 Involved in regulating signaling pathways, cell cycle and immortalized
miR-222 Undecided

miR-429 Undecided

miR-7 Inhibiting apoptosis

ebv-miR-BHRF1-1-3
ebv-miR-BART1-22
miR-146a, miR-146a*C

Involved in cell proliferation, invasion, metastasis, immortalized, inhibiting apoptosis
Involved in cell proliferation, invasion, metastasis, immortalized, inhibiting apoptosis
Involved in genetic polymorphisms of genes

>~ > > > > > > S > D> > > > > —> —> € —> € — — — <

miR-1462*G Involved in genetic polymorphisms of genes
miR-138 Involved in regulating cell cycle
miR-663 Involved in regulating cell cycle
miR-144 Involved in regulating signaling pathways, cell cycle, invasion and metastasis
miR-218 Down regulating survivin (BIRC5), involved in tumor angiogenesis
miR-155 Involved in tumor angiogenesis, invasion, and metastasis
ebv - Epstein-Barr virus, BHRF - BamHI H rightward fragment, BART - BamHI A rightward transcript,
1 - upregulated, |- downregulated
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