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Abstract: Long noncoding RNAs (lncRNAs), which transcripts longer than 200 nucleotides, are lack of protein coding 
potential. Emerging studies have shown that lncRNAs play critical roles in carcinogenesis and progression, including 
human nasopharyngeal carcinoma (NPC). In this article, we first provide an overview on the molecular mechanisms 
of lncRNAs in NPC, and then discuss the influence of lncRNAs on the diagnosis and treatment of patients with na-
sopharyngeal carcinoma.
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Introduction

Nasopharyngeal carcinoma (NPC), which arises 
from the nasopharyngeal epithelium, has a 
complex aetiology, including genetic suscepti-
bility [1], Epstein-Barr virus (EBV) infection [2] 
and chemical carcinogens [3].

NPC has an extremely skewed geographic dis-
tribution. It is an uncommon disease in most 
parts of the world, with an age adjusted inci-
dence less than one per 100000. However, 
NPC is one of the most common malignant 
tumors in South-eastern China, with an annual 
incidence rate of 20-50 per 100000 males [4]. 
Nowadays a majority of NPC patients are in 
advanced stages when diagnosed although the 
advances of diagnosis methods. Furthermore, 
the therapeutic approach for NPC patients and 
the molecular biomarker for prognostic predic-
tion still limited. Therefore, identifying more 
accurate biomarkers is essential for the 
advance of dignosis and first-rate therapy strat-
egies for NPC.

Generally defined as transcripts longer than 
200 nucleotides in length, long noncoding 
RNAs (lncRNAs) are lack of protein coding po- 
tential [5, 6]. According to their location and ori-

entation, lncRNAs are subdivided into intergen-
ic and intragenic lncRNAs. In nucleus, lncRNAs 
modulate gene transcription and mRNA splic-
ing; while in cytoplasm, they influence RNA sta-
bility and microRNA (miRNA) activity [7, 8]. 
Recently, a variety of lncRNAs have been shown 
to be deregulated in cancers, such as HOTAIR 
[9], ANRIL [10, 11], BANCR [12] and HOTTIP 
[13]. Emerging studies have shown that long 
noncoding RNAs (lncRNAs) play critical roles in 
carcinogenesis and progression by modulating 
the expression of many oncogenes or tumor 
suppressor genes, including in human naso-
pharyngeal carcinoma. In addition, the deregu-
lated expression of these lncRNAs has been 
associated with prognosis or altering the sensi-
tivity or resistance of cancer cells to various 
therapies.

In this review, we summarize the function and 
mechanism of different lncRNAs in the progres-
sion of NPC, and presented their clinical appli-
cation in the diagnosis and prognosis of NPC. 
We also provide a report on how lncRNAs may 
alter the efficacy of NPC therapy and as novel 
therapeutic targets for overcoming chemore- 
sistance and radiation resistance (Table 1). 
Ultimately a better understanding of the func-
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tional roles of lncRNA in NPC can translate to 
the development of novel strategies for the 
treatment or prevention of nasopharyngeal 
carcinoma. 

LncRNAs in cancer cell growth and survival

Accumulating evidence suggests that many 
dysregulated lncRNAs play a vital role in tumor 
genesis via regulating gene transcription or 
post-transcriptional regulation [14, 15]. Some 
recent studies have elucidate the underlying 
mechanisms about the roles of lncRNAs in car-
cinogenesis and cancer progression in NPC. Li 
et al [16] reported that lncRNA-ROR can pro-
mote cell proliferation and reduce the apopto-
sis of NPC cells via suppressing the cellular 
p53 level after DNA damage. X-inactive specific 
transcript (XIST) was found overexpressed in 
several tumors and might act as oncogenic 
role, including in hepatocellular carcinoma [17], 
non-small cell lung cancer [18] and pancreatic 
Cancer [14]. Song et al [19] provided evidence 
that in NPC, lncRNA XIST promotes the cancer 
cell growth through miR-34a-5p-E2F3 axis, and 
specifically, lncRNA XIST expression was signifi-
cantly related with tumor sizes and the stage of 
tumor development.

LncRNA ANRIL, which initially identified from 
familial melanoma patients, was higher in 
nasopharyngeal carcinoma than in normal tis-

sues [20]. Zou et al [20] demonstrated that 
ANRIL expression correlated with the clinical 
stage and locoregional recurrence, except age, 
sex, T classification, N classification or distant 
metastasis. LncRNA ANRIL may promote cell 
proliferation and transformation via stimulate 
the stem cell properties of NPC. Besides, in the 
present study, they found that there is a strong 
positive relationship between ANRIL and Glut 1 
or LDHA, which were essential genes in glycoly-
sis metabolism, in other words, lncRNA ANRIL 
can reprogram glucose metabolism via increas-
ing glucose uptake for glycolysis to produce 
more ATP to promote NPC cell proliferation and 
transformation. They also identified that these 
processes may be regulated by the mTOR sig-
nal pathway. This study is the first to demon-
strate that in NPC, ANRIL promotes prolifera-
tion via inducing stem-like cancer cells and 
reprograming glucose metabolism. In other can- 
cers such as cervical cancer, western blot indi-
cated that the PI3K/Akt pathway was found to 
be inactivated after ANRIL inhibition, but wh- 
ether this mechanism exists in NPC is unknown 
[21]. Therefore, future studies should investi-
gate in lncRNA ANRIL mechanism and whether 
they can be targeted as part of a strategy to 
control NPC progression.

Another lncRNA related to NPC cell proliferation 
is Ewing sarcoma associated transcript 1 
(LINC00277, NR_026949, EWSAT1), which is a 

Table 1. The characteristics and functions of lncRNAs in NPC
LncRNA and  
References Expression Relevant targets  

or pathway Functions Applications

ROR [16] ↑ P53, E-cadherin, Vimentin, N-cadherin Proliferation↑, apoptosis↓, 
metastasis↑, invasion↑

Dignostic and prognostic biomarker, resist-
chemotherapy

XIST [19] ↑ miR-24a-5p-E2F3 Proliferation↑ NA

ANRIL [20] ↑ Glut1/LDHA Proliferation↑ NA

EWSAT1 [22] ↑ MiR-326/330-5p-cyclin D1 Proliferation↑ Dignostic and prognostic biomarker

MEG3 [24] ↑ P53 Proliferation↓, apoptosis↑ NA

LOC553103 [25] ↑ EBV-miR-BART6-3p Metastasis↑, invasion↑ NA

HNF1A-AS [26] ↑ EMT Metastasis↑, invasion↑ NA

NEAT1 [27] ↑ MiR-204/ZEB1 axis Metastasis↑, invasion↑ Dignostic and prognostic biomarker, radio-
resistance

NAG7 [28] ↑ H-ras/p-c-Raf, JNK2/AP-1/MMP1 Metastasis↑, invasion↑ NA

AFAP1-AS1 [32] ↑ GTPase Metastasis↑, invasion↑ Therapeutic target and prognostic biomarker

Hotair [37, 46] ↑ GRP78, VEGFA, Ang2 Angiogenesis↑ Therapeutic target and prognostic biomarker

LOC401317 [43] ↑ P21, P53 Apoptosis↑ Therapeutic target

LET [44] ↓ EZH2 Proliferation↑, apoptosis↓ Therapeutic target and prognostic biomarker

LINC00312 [45] ↓ EBER-1 Ppoptosis↓ Dignostic and prognostic biomarker

n375709 [47] ↓ NA NA Paclitaxel sensitivity

GAS5 [48] ↑ NA NA Prognostic biomarker

MALAT1 [49] ↑ MALAT1/miR-1/slug axis NA Radio-resistance



LncRNAs in nasopharyngeal carcinoma

8100	 Int J Clin Exp Pathol 2017;10(8):8098-8105

kind of lncRNA located on chromosome 15, has 
been found over-expressed and acted as an 
oncogenic regulator in Ewing sarcoma [22]. 
Marques et al [22] demonstrated that EWSAT1 
also highly expressed in NPC tissues than that 
of in normal tissues. EWSAT1 overexpression 
increased nasopharyngeal carcinoma cell pr- 
oliferation, while knockdown reversed it. In  
addition, they verified that lncRNA EWSAT1 
take part in the ceRNA regulatory network and 
act as endogenous miRNA to regulated miR-
326/330-5p. Their results revealed that miR-
326/330-5p targets cyclin D1, and verified that 
EWSAT1’s oncogenic functions are via negative 
regulation of miR-326/330-5p clusters partial-
ly. In summary, EWSAT1 facilitates the NPC 
oncogenisis and progression via the regulation 
of miR-326/330-5p-cyclin D1 axis. The findings 
verified the underlying mechanisms of EWSAT1 
and imply that EWSAT1 was expected to be a 
therapeutic target in clinical practice. In the 
present study [23], EWSAT1 plays a critical role 
in cell progression and metastasis of osteosar-
coma cells through regulation of MEG3 expres-
sion. However, the underlying mechanisms in 
NPC have remained unknown so far.

Unlike the above lncRNAs, Wing-Po et al [24] 
found that MEG3 overexpression could inhibit 
the proliferation and tumorigenicity of NPC 
cells. In the soft-agar assay, NPC cells overex-
pressed with MEG3 displayed fewer colonies 
with smaller size than those in the controls. 
P53 is well known to be an essential molecule 
in controlling apoptosis and cell cycle check-
point, through an additional luciferase reporter 
assay, they also revealed the association be- 
tween MEG3 activity and the p53 signaling  
cascade. Nevertheless, how lncRNAs partici-
pate in NPC onset remains largely unknown.

LncRNAs in invasion and metastasis

Invasion and metastasis are important biologi-
cal behaviors of all cancers, making chemical 
therapy and other treatments useless. Because 
of the IMRT and CRT adoption, the result of 
locoregional control is satisfactory, but inva-
sion and metastasis has been the main cause 
of treatment failure. Therefore explore the 
mechanisms of cancer invasion and metasta-
sis is necessary to develop new diagnostic and 
therapeutic techniques. 

Epithelial and mesenchymal transition (EMT) 
was a process characteristic by reprogramming 
of epithelial cells into a mesenchymal cells phe-
notype. There were numerous studies suggest-
ed that EMT played an important role in cancer 
cell mobility, which finally led to metastasis in 
cancer. Li and his colleagues [16] clarified that 
lncRNA-ROR was closely associated with the 
apoptosis and metastasisof NPC. Through 
using western blotting, they found that the epi-
thelial markers E-cadherin were upregulated, 
whereas the mesenchymal markers N-cadherin 
and vimentin were down regulated in NPC. Bao 
et al [25] verified that through targeting and 
downregulating LOC553103, EBV-miR-BART6-
3p could inhibit invasion and metastasis of  
NPC cells and change the integrity of stress 
fiber, leading to the upregulated expression of 
E-cadherin, as well as down-regulated N-cad- 
herin, Snail, β-catenin and so on. Similar to the 
above lncRNAs, HNF1A-AS was also reported to 
be positively associated with EMT [26]. Another 
study [27] revealed that NEAT1 was upregulat-
ed in NPC and NEAT1 regulated radioresistance 
and EMT phenotype via regulating the miR-
204/ZEB1 axis.

Recently, Huang et al [28] revealed that NAG7 
suppresses ERα expression and stimulates 
NPC cell invasion through regulating the JNK2/
AP-1/MMP1 and H-ras/p-c-Raf pathways in 
NPC cells. Through several experiments, they 
found that NAG7 enhanced the adhesion effect 
to extracellular matrix (ECM) proteins (Matrigel 
and fibronectin) markedly in NPC cells. In the 
present study, NAG7 overexpression increased 
the expression of H-Ras in NPC, which cause 
the activation of p-c-Raf, but have on influences 
on c-Raf, K-Ras and N-Ras [28]. These results 
demonstrated that the NAG7 promote the inva-
siveness and metastasis of NPC via regulated 
the H-ras/p-c-Raf pathway.

Another example is lncRNA AFAP1-AS1, which 
was found to be upregulated in varies cancer 
types such as hepatocellular carcinoma (HCC) 
[29], gallbladder cancer [30] and esophageal 
squamous cell carcinoma [31]. In NPC and lung 
cancer cells, some reports demonstrated that 

NPC cells acquire metastasis and invasive via 
the focal adhesion change, the actin cytosk- 
eleton reorganization and cell-cell junctions  
disruption [32, 33]. Present study [29] found 
that through the upregulation of RhoA/Rac2, 
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AFAP1-AS1 might promote the HCC cell pro-
gression. Other studies [30] indicated that 
lncRNA AFAP1-AS1 might promote gallbladder 
cancer cells invasion through inducing an EMT 
process. Nevertheless, the exact underlying 
mechanisms by which the lncRNA AFAP1-AS1 
regulated NPC metastasis and invation still 
unknown, understanding the exact molecular 
mechanism will be helpful for NPC treatment  
by targeting the lncRNA AFAP1-AS1.

In summary, lncRNAs can affect NPC invasion 
and metastasis through EMT, MAPK and/or 
GTPase pathway. However, the specific molecu-
lar mechanism of lncRNAs in NPC remains to 
be further studied. Based on these findings, 
future exploration in NPC may discover new 
dignostic biomarkers or targeted therapies.

LncRNAs in angiogenesis

Angiogenesis is a universal characteristic in 
varies human cancers and plays an essential 
role in cancer progression. It is described as a 
complex process, in which new microvessels 
sprout from the vasculature endothelial cells, 
the new microvessels proliferate, migrate and 
differentiate to tubular structures [34]. There- 
fore, anti-angiogenesis has been regarded as 
an attractive therapy to cancers. Among many 
growth factors that mediate angiogenesis, 
VEGF is the key regulator in the tumor angio-
genesis and angiopoietin 2 (Ang2) plays a par-
ticular role in vessel maturation [35, 36]. In 
addition, the expression and secretion of 
VEGFA and Ang2 was suppressed by Hotair 
knockdown in NPC cells, which provides power-
ful evidence that silencing of Hotair acts as an 
anti-angiogenesis agent to NPC carcinogenesis 
[37].

Glucose regulated protein 78 (GRP78), which 
belongs to the heat shock protein 70 family, 
shows drug-resistant and anti-apoptotic in 
many tumors such as liver cancer, breast can-
cer, and colon cancer [38-41]. Furthermore, 
GRP78 silencing suppressed the angiogenesis 
in colon cancer and modulated tumor microen-
vironment during the tumor growth and metas-
tasis [42]. Collectively, GRP78 can be a potent 
therapeutic target for anticancer therapy. Fu et 
al [37] demonstrated that GRP78 was an anti-
angiogenetic target of Hotair in NPC cells. The 
knockdown of GRP78 could achieve a similar 
response as siHotair treatment and Hotair 

overexpression reversed the suppressive effect 
of siGRP78 on cell proliferation and angiogen-
esis. On the other hand, GRP78 overexpression 
rescued the siHotair-induced cell growth sup-
pression in NPC cells. Altogether, Hotair may 
function as a therapeutic candidate in NPC via 
suppressing GRP78. These findings demon-
strated that Hotair might be a promising diag-
nostic biomarker and therapeutic target for 
NPC. Therefore, disruption of the Hotair-med- 
iated angiogenesis is highly promising for devel-
oping therapeutic strategies for NPC patients.

However, the study of lncRNAs in regulating 
angiogenesis in NPC is not enough, we should 
put more efforts on the angiogenesis mecha-
nisms in the initiation and progression of NPC.

LncRNAs in cell apoptosis

Apoptosis is an important biological behavior of 
all malignancies, making chemotherapy and 
radiotherapy useless. Some results verified 
that lncRNAs play a pivotal role in NPC cell 
apoptosis.

Among the p53-regulated lncRNAs, Gong et al 
[43] found that LOC401317 overexpression 
may inhibit the NPC cell cycle via cyclins and 
p21, and may induce apoptosis via the cas-
pase-dependent mechanism. Additionally, they 
revealed that LOC401317 is directly tran-
scribed by p53 and that overexpression of 
LOC401317 inhibits NPC progression and 
inducing apoptosis. These findings verified that 
it is a new member in the p53 regulatory net-
work and it may be an therapeutic target in 
NPC. However, the detailed mechanisms how 
LOC401317 functions in the p53 regulatory 
network remains unknown and will be the focus 
of future studies.

Bioinformatics analysis by Sun et al [44] rev- 
ealed that lncRNA-LET was down-regulated in 
NPC cells and tissues. Decreased expression 
of lncRNA-LET is significantly correlated with 
tumor size, lymph node metastasis, clinical 
stage, and prognosis of NPC patients. Present 
study demonstrated that LET overexpression 
inhibited tumor cell proliferation and induced 
cell apoptosis. Moreover, the enhancer of zeste 
homolog 2 (EZH2) repressed LET expression 
through H3K27 histone methylation.

In summary, our studies demonstrated that 
lncRNA play a pivotal role in NPC proliferation 
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and apoptosis. However, there is limited knowl-
edge about lncRNAs related to NPC apoptosis, 
and further investigations are needed to eluci-
date the molecular mechanism in NPC tumori-
genesis and apoptosis.

Potential utility of LncRNAs in NPC

LncRNAs in NPC diagnosis and prognosis

Although radiotherapy have been improved in 
the treatment of NPC, the therapeutic outcome 
of advanced NPC patients remains unsatis- 
factory. Because of the non-specific clinical 
expression and the difficulty of making a clini-
cal examination, most patients with the disea- 
se are diagnosed in advanced stage (stages III 
and IV), so it is urgent to search new NPC bio-
markers and prognostic factors related to the 
outcome of NPC patients. 

When validated AFAP1-AS1 expression using 
qRT-PCR, Bo et al [32] found that when com-
pared with 7 non-tumor nasopharyngeal epi-
thelium samples, lncRNA AFAP1-AS1 was highly 
expressed in 23 NPC samples. The data indi-
cated that AFAP1-AS1 expression was positive-
ly correlated with distant NPC cell metastasis 
and had a non-significant association with 
advanced tumor stage. In addition, the upregu-
lation of AFAP1-AS1 was closely related with 
poor prognosis, suggesting that it may be a 
useful biomarker for the NPC prognosis predic-
tion, indicating that further investigation of 
AFAP1-AS1 may lead to the development of 
novel NPC diagnosis and prognosis methods. 
Another studies concentrating on NEAT1 had 
the same conclusion, NEAT1 expression was 
negatively associated with overall survival time 
but positively associated with more advanced 
clinical stages in NPC patients [27]. The abnor-
mal expression of lncRNAs in NPC provides  
new cues for understanding the mechanism of 
tumorigenesis and shows a potential prognos-
tic value in NPC.

Zhang et al [45] demonstrated the correlation 
between LINC00312 and the clinical pathologi-
cal characteristics of nasopharyngeal carcino-
ma, they reveals that LINC00312 was nega- 
tively correlated with clinical stages and tumor 
size, while positively correlated with lymph 
node metastasis, and there is no relationship 
with age, gender, histological types, and recur-
rence. In addition, because of the unique fea-

ture of NPC which is strongly associated with 
EBV, they analyzed the relationship between 
LINC00312 and EBV, finding that LINC00312 
was closely associated with the EBV-encoded 
small RNA EBER-1. In summary, LINC00312 co- 
uld be a potential biomarker for progression, 
metastasis and prognosis in NPC.

Through using real-time PCR to quantify the 
expression levels of HOTAIR in NPC and non-
cancer specimens, Fu et al [46] verified that the 
expression of HOTAIR were positively correlated 
with tumor size, clinical staging, lymph node 
tumor burden and distant metastasis. Besides, 
they found that the specificity and sensitivity of 
HOTAIR was improved in the advanced stage 
subgroups. These results suggest that HOTAIR 
be used to predict the prognosis of advanced-
stage NPC patients.

In summary, these studies may provide novel 
diagnostic and prognostic biomarkers for NPC 
patients. In light of these, the more precise 
molecular signatures as well as underlying 
molecular mechanisms about NPC tumorigen-
esis, development and metastasis remains to 
be broadly illuminated.

LncRNAs in NPC therapy

More and more studies presents for further 
investigation into lncRNAs, leading to effective 
NPC therapeutic strategies. More than 60% of 
NPC patients are in advanced stages at diagno-
sis or even with metastasis. Therefore, there is 
still an urgent need to identify novel diagnostic 
biomarkers for early diagnosis as well as the- 
rapeutic targets for NPC patients. The targeted 
therapy will provide new insight into its pa- 
thogenesis. 

Recently, there has been a renewed interest in 
the re-exploration of induction chemotherapy 
(IC) and concurrent chemotherapy in NPC since 
intensity-modulated radiotherapy (IMRT) are 
not enough to prevent distant metastasis. 
Chemotherapy drug resistance limits the the- 
rapeutic efficiency of cancers, therefore it is 
necessary to find therapeutic targets associ- 
ated with Chemotherapy drug resistance. Li et 
al [16] demonstrated that lncRNA-ROR can  
promote the proliferation of NPC cells with DDP. 
Inhibition of lncRNA-ROR significantly reduced 
cells’ ability to resist chemotherapeutic drugs 
via p53 signal pathway. Using paclitaxel cyto-
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toxic assays, Ren et al [47] verified that inhibi-
tion of n375709 increased the paclitaxel sen- 
sitivity.

Distinguished by its unique clinical and patho-
logic characteristics, radiotherapy is the stan-
dard treatment of NPC. In the clinical therapeu-
tics, NPC is usually resistant to radiotherapy, 
limiting the therapeutic efficacy and prognosis 
of NPC patients. When evaluate levels of lnc- 
RNA GAS5 in the treatment response in head 
and neck cancer patients treated with radical 
chemoradiotherapy (CRT), Fayda et al [48] fo- 
und that patients with CR had lower GAS5 
expression compared to those with PR/PD. 
Besides, Lu et al [27] revealed that through the 
regulation of EMT pathway, NEAT1 downregula-
tion led to radiosensitivity of NPC. Moreover, Jin 
et al [49] found that there was reciprocal re- 
pression between miR-1 and MALAT1, and veri-
fied the important role of MALAT1/miR-1/slug 
axis on radioresistance in NPC.

When investigated lncRNA expression with the 
effects of curcumin (Cur) on the NPC cells, 
Wang et al [50] showed that IR-induced lncRNAs 
were reversed during Cur-enhanced radiosensi-
tization in NPC cells, suggesting that lncRNAs 
have important functions in IR-induced radio- 
resistance. 

In terms of that most NPC patients is diagno- 
sed at an advanced stage, the therapeutic 
approaches remain limited and the clinical  
outcome is still unsatisfactory. Therefore, it is 
urgently needed to develop effective diagnostic 
biomarkers as well as novel therapeutic targets 
for NPC patients.

Prospective

Nasopharyngeal carcinoma (NPC) is a preva-
lent tumour of the head and neck, with a com-
plex aetiology. Because of the non-specific ch- 
aracteristic of the clinical manifestation, most 
NPC patients are diagnosed when the tumour 
has reached an advanced stage. Although the 
molecular basis of cancer has been widely 
studied, our knowledge of the molecular mech-
anisms of carcinogenesis and progression of 
cancer is deficient and the development of new 
therapeutics has been slow. Consequently, the 
outcomes for patients with NPC have remained 
dismal. It is therefore urgent to find a novel bio-

marker and therapeutic target for the diagnosis 
and prognostic prediction of NPC. 

Here, we provide a summary on the molecular 
mechanisms of lncRNAs in NPC, and discuss 
their functions in tumor cell progression, inva-
sion, metastasis, angiogenesis, apoptosis and 
clinical practice. A better understanding of the 
mechanisms of lncRNA in NPC can ultimately 
translate to the development of novel, lncRNA-
based dignostic, prognostic and therapeutic 
strategies for NPC. In conclusion, lncRNAs are 
involved in the initiation and development of 
NPC, further study should be conducted to ver-
ify the molecular mechanism of lncRNAs under-
lying NPC carcinogenesis.

Acknowledgements

We thank for the financial support of National 
Natural Science Foundation of China (No.81- 
460409). 

Disclosure of conflict of interest

None.

Address correspondence to: Jingao Li, Department 
of Radiation Oncology, Jiangxi Cancer Hospital, 519 
Beijing East Road, Qingshan Lake District, Nanchang 
330000, P. R. China. E-mail: lijingao@hotmail.com

References

[1]	 Bei JX, Zuo XY, Liu WS, Guo YM, Zeng YX. Ge-
netic susceptibility to the endemic form of 
NPC. Chin Clin Oncol 2016; 5: 15.

[2]	 He C, Huang X, Su X, Tang T, Zhang X, Ma J, 
Guo X, Lv X. The association between circulat-
ing tumor cells and Epstein-Barr virus activa-
tion in patients with nasopharyngeal carcino-
ma. Cancer Biol Ther 2017; [Epub ahead of 
print].

[3]	 Fang CY, Huang SY, Wu CC, Hsu HY, Chou SP, 
Tsai CH, Chang Y, Takada K, Chen JY. The syn-
ergistic effect of chemical carcinogens en-
hances Epstein-Barr virus reactivation and tu-
mor progression of nasopharyngeal carcin- 
oma cells. PLoS One 2012; 7: e44810.

[4]	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieu-
lent J, Jemal A. Global cancer statistics 2012. 
CA Cancer J Clin 2015; 65: 87-108.

[5]	 Li T, Mo X, Fu L, Xiao B, Guo J. Molecular mech-
anisms of long noncoding RNAs on gastric can-
cer. Oncotarget 2016; 7: 8601-8612.

[6]	 Rinn JL, Chang HY. Genome regulation by long 
noncoding RNAs. Annu Rev Biochem 2012; 8: 
145-166.

mailto:lijingao@hotmail.com


LncRNAs in nasopharyngeal carcinoma

8104	 Int J Clin Exp Pathol 2017;10(8):8098-8105

[7]	 Di Gesualdo F, Capaccioli S, Lulli M. A patho-
physiological view of the long non-coding RNA 
world. Oncotarget 2014; 5: 10976-10996.

[8]	 Qi P, Du X. The long non-coding RNAs, a new 
cancer diagnostic and therapeutic gold mine. 
Mod Pathol 2013; 26: 155-165.

[9]	 Song W, Zou SB. Prognostic role of lncRNA HO-
TAIR in esophageal squamous cell carcinoma. 
Clin Chim Acta 2016; 463: 169-173.

[10]	 Liu FT, Zhu PQ, Luo HL, Zhang Y, Hao TF, Xia GF, 
Zhu ZM, Qiu C. Long noncoding RNA ANRIL: a 
potential novel prognostic marker in cancer: a 
meta-analysis. Minerva Med 2016; 107: 77-
83.

[11]	 Li Z, Yu X, Shen J. ANRIL: a pivotal tumor sup-
pressor long non-coding RNA inhuman can-
cers. Tumour Biol 2016; 37: 5657-5661.

[12]	 Hu L, Li M, Pu L, Ding Y, Liu J, Xiong S. The dif-
ferent prognostic value of long noncoding  
RNA BANCR in human cancers. Minerva Med 
2017; 108: 97-100.

[13]	 Chen X, Han H, Li Y, Zhang Q, Mo K, Chen S. 
Upregulation of long noncoding RNA HOTTIP 
promotes metastasis of esophageal squam- 
ous cell carcinoma via induction of EMT. Onco-
target 2016; 7: 84480-84485.

[14]	 Wei W, Liu Y, Lu Y, Yang B, Tang L. LncRNA  
XIST promotes pancreatic cancer prolifera- 
tion through miR-133a/EGFR. J Cell Biochem 
2017; [Epub ahead of print].

[15]	 Meng YB, He X, Huang YF, Wu QN, Zhou YC, 
Hao DJ. Long non-coding RNA CRNDE pro-
motes multiple myeloma cell growth by sup-
pressing MiR-451. Oncol Res 2017; [Epub 
ahead of print].

[16]	 Li L, Gu M, You B, Shi S, Shan Y, Bao L, You Y. 
Long non-coding RNA ROR promotes prolifera-
tion, migration and chemoresistance of naso-
pharyngeal carcinoma. Cancer Sci 2016; 107: 
1215-1222.

[17]	 Mo Y, Lu Y, Wang P, Huang S, He L, Li D, Li F, 
Huang J, Lin X, Li X, Che S, Chen Q. Long non-
coding RNA XIST promotes cell growth by regu-
lating miR-139-5p/PDK1/AKT axis in hepato-
cellular carcinoma. Tumour Biol 2017; 39: 
1010428317690999.

[18]	 Zhang YL, Li XB, Hou YX, Fang NZ, You JC, Zhou 
QH. The lncRNA XIST exhibits on cogenic prop-
erties via regulation of miR-449a and Bcl-2 in 
human non-small cell lung cancer. Acta Phar-
macol Sin 2017; 38: 371-381. 

[19]	 Song P, Ye LF, Zhang C, Peng T, Zhou XH. Long 
non-coding RNA XIST exerts oncogenic func-
tions in human nasopharyngeal carcinoma by 
targeting miR-34a-5p. Gene 2016; 592: 8-14.

[20]	 Zou ZW, Ma C, Medoro L, Chen L, Wang B, Gup-
ta R, Liu T, Yang XZ, Chen TT, Wang RZ, Zhang 
WJ, Li PD. LncRNA ANRIL is up-regulated in na-
sopharyngeal carcinoma and promotes the 

cancer progression via increasing prolifera-
tion, reprograming cell glucose metabolism 
and inducing side-population stem-like cancer 
cells. Oncotarget 2016; 7: 61741-61754.

[21]	 Zhang D, Sun G, Zhang H, Tian J, Li Y. Long 
non-coding RNA ANRIL indicates a poor prog-
nosis of cervical cancer and promotes carcino-
genesis via PI3K/Akt pathways. Biomed Phar-
macother 2017; 85: 511-516.

[22]	 Marques Howarth M, Simpson D, Ngok SP, 
Nieves B, Chen R, Siprashvili Z, Vaka D, Breese 
MR, Crompton BD, Alexe G, Hawkins DS, Ja-
cobson D, Brunner AL, West R, Mora J, Steg-
maier K, Khavari P, Sweet-Cordero EA. Long 
noncoding RNA EWSAT1-mediated gene re-
pression facilitates ewing sarcoma oncogene-
sis. J Clin Invest 2014; 124: 5275-5290.

[23]	 Sun L, Yang C, Xu J, Feng Y, Wang L, Cui T. Long 
noncoding RNA EWSAT1 promotes osteosar-
coma cell growth and metastasis through sup-
pression of MEG3 expression. DNA Cell Biol 
2016; 35: 812-818. 

[24]	 Chak WP, Lung RW, Tong JH, Chan SY, Lun SW, 
Tsao SW, Lo KW, To KF. Downregulation of long 
non-coding RNA MEG3 in nasopharyngeal car-
cinoma. Mol Carcinog 2017; 56: 1041-1054.

[25]	 He B, Li W, Wu Y, Wei F, Gong Z, Bo H, Wang Y, 
Li X, Xiang B, Guo C, Liao Q, Chen P, Zu X, Zhou 
M, Ma J, Li X, Li Y, Li G, Xiong W, Zeng Z. Ep-
stein-Barr virus-encoded miR-BART6-3p inhib-
its cancer cell metastasis and invasion by tar-
geting long non-coding RNA LOC553103. Cell 
Death Dis 2016; 7: e2353.

[26]	 Zhuang K, Wu Q, Jin CS, Yuan HJ, Cheng JZ. 
Long non-coding RNA HNF1A-AS is upregulat-
ed and promotes cell proliferation and metas-
tasis in nasopharyngeal carcinoma. Cancer 
Biomark 2016; 16: 291-300.

[27]	 Lu Y, Li T, Wei G, Liu L, Chen Q, Xu L, Zhang K, 
Zeng D, Liao R. The long non-coding RNA 
NEAT1 regulates epithelial to mesenchymal 
transition and radioresistance in through miR-
204/ZEB1 axis in nasopharyngeal carcinoma. 
Tumour Biol 2016; 37: 11733-11741.

[28]	 Huang C, Wu M, Tang Y, Li X, Ouyang J, Xiao L, 
Li D, Li G. NAG7 promotes human nasopharyn-
geal carcinoma invasion through inhibition of 
estrogen receptor alpha and up-regulation of 
JNK2/AP-1/MMP1 pathways. J Cell Physiol 
2009; 221: 394-401. 

[29]	 Zhang JY, Weng MZ, Song FB, Xu YG, Liu Q, Wu 
JY, Qin J, Jin T, Xu JM. Long noncoding RNA AF-
AP1-AS1 indicates a poor prognosis of hepato-
cellular carcinoma and promotes cell prolifera-
tion and invasion via upregulation of the RhoA/
Rac2 signaling. Int J Oncol 2016; 48: 1590-
1598.

[30]	 Ma F, Wang SH, Cai Q, Zhang MD, Yang Y, Ding 
J. Overexpression of LncRNA AFAP1-AS1 pre-



LncRNAs in nasopharyngeal carcinoma

8105	 Int J Clin Exp Pathol 2017;10(8):8098-8105

dicts poor prognosis and promotes cells prolif-
eration and invasion in gallbladder cancer. 
Biomed Pharmacother 2016; 84: 1249-1255.

[31]	 Luo HL, Huang MD, Guo JN, Fan RH, Xia XT, He 
JD, Chen XF. AFAP1-AS1 is upregulated and 
promotes esophageal squamous cell carcino-
ma cell proliferation and inhibits cell apopto-
sis. Cancer Med 2016; 5: 2879-2885.

[32]	 Bo H, Gong Z, Zhang W, Li X, Zeng Y, Liao Q, 
Chen P, Shi L, Lian Y, Jing Y, Tang K, Li Z, Zhou 
Y, Zhou M, Xiang B, Li X, Yang J, Xiong W, Li G, 
Zeng Z. Upregulated long non-coding RNA  
AFAP1-AS1 expression is associated with pro-
gression and poor prognosis of nasopharyng- 
eal carcinoma. Oncotarget 2015; 6: 20404-
20418.   

[33]	 Zeng Z, Bo H, Gong Z, Lian Y, Li X, Li X, Zhang 
W, Deng H, Zhou M, Peng S, Li G, Xiong W. AF-
AP1-AS1, a long noncoding RNA upregulated in 
lung cancer and promotes invasion and metas-
tasis. Tumour Biol 2016; 377: 729-737.

[34]	 Jia P, Cai H, Liu X, Chen J, Ma J, Wang P, Liu Y, 
Zheng J, Xue Y. Long non-coding RNA H19  
regulates glioma angiogenesis and the biolo- 
gical behavior of glioma-associated endotheli-
al cells by inhibiting microRNA-29a. Cancer 
Lett 2016; 381: 359-369.

[35]	 Ferrara N, Hillan KJ, Gerber HP, Novotny W. Dis-
covery and development of bevacizumab, an 
anti-VEGF antibody for treating cancer. Nat Rev 
Drug Discov 2004; 3: 391-400.

[36]	 Augustin HG, Koh GY, Thurston G, Alitalo K. 
Control of vascular morphogenesis and ho-
meostasis through the angiopoietin-Tie sys-
tem. Nat Rev Mol Cell Biol 2009; 10: 165-177.

[37]	 Fu WM, Lu YF, Hu BG, Liang WC, Zhu X, Yang 
HD, Li G, Zhang JF. Long noncoding RNA Hotair 
mediated angiogenesis in nasopharyngeal car-
cinoma by direct and indirect signaling path-
ways. Oncotarget 2016; 7: 4712-4123.

[38]	 Li Z, Li Z. Glucose regulated protein 78: a criti-
cal link between tumor microenvironment and 
cancer hallmarks. Biochim Biophys Acta 2012; 
1826: 13-22.

[39]	 Park HR, Ryoo IJ, Choo SJ, Hwang JH, Kim JY, 
Cha MR, Shin-Ya K, Yoo ID. Glucose-deprived 
HT-29 human colon carcinoma cells are sensi-
tive to verrucosidin as a GRP78 down-regula-
tor. Toxicology 2007; 229: 253-261.

[40]	 Fu Y, Li J, Lee AS. GRP78/BiP inhibits endo-
plasmic reticulum BIK and protects human 
breast cancer cells against estrogen starva-
tion-induced apoptosis. Cancer Res 2007; 67: 
3734-3740.

[41]	 Chang YJ, Tai CJ, Kuo LJ, Wei PL, Liang HH, Liu 
TZ, Wang W, Tai CJ, Ho YS, Wu CH, Huang MT. 
Glucose-regulated protein 78 (GRP78) medi-
ated the efficacy to curcumin treatment on he-
patocellular carcinoma. Ann Surg Oncol 2011; 
18: 2395-2403.

[42]	 Kuo LJ, Hung CS, Chen WY, Chang YJ, Wei PL. 
Glucose-regulated protein 78 silencing down-
regulates vascular endothelial growth factor/
vascular endothelial growth factor receptor 2 
pathway to suppress human colon cancer tu-
mor growth. J Surg Res 2013; 185: 264-272.

[43]	 Gong Z, Zhang S, Zeng Z, Wu H, Yang Q, Xiong 
F, Shi L, Yang J, Zhang W, Zhou Y, Zeng Y, Li X, 
Xiang B, Peng S, Zhou M, Li X, Tan M, Li Y, Xiong 
W, Li G. LOC401317, a p53-regulated long non-
coding RNA, inhibits cell proliferation and in-
duces apoptosis in the nasopharyngeal carci-
noma cell line HNE2. PLoS One 2014; 9: 
e110674.

[44]	 Sun Q, Liu H, Li L, Zhang S, Liu K, Liu Y, Yang C. 
Long noncoding RNA-LET, which is repressed 
by EZH2, inhibits cell proliferation and induces 
apoptosis of nasopharyngeal carcinoma cell. 
Med Oncol 2015; 32: 226.

[45]	 Zhang W, Huang C, Gong Z, Zhao Y, Tang K, Li 
X, Fan S, Shi L, Li X, Zhang P, Zhou Y, Huang D, 
Liang F, Zhang X, Wu M, Cao L, Wang J, Li Y, 
Xiong W, Zeng Z, Li G. Expression of LINC00312, 
a long intergenic non-coding RNA, is negatively 
correlated with tumor size but positively corre-
lated with lymph node metastasis in nasopha-
ryngeal carcinoma. J Mol Histol 2013; 44: 545-
554.

[46]	 Fu WM, Lu YF, Hu BG, Liang WC, Zhu X, Yang 
HD, Li G, Zhang JF. Long noncoding RNA Hotair 
mediated angiogenesis in nasopharyngeal car-
cinoma by direct and indirect signaling path-
ways. Oncotarget 2016; 7: 4712-4123.

[47]	 Ren S, Li G, Liu C, Cai T, Su Z, Wei M, She L, 
Tian Y, Qiu Y, Zhang X, Liu Y, Wang Y. Next gen-
eration deep sequencing identified a novel ln-
cRNA n375709 associated with paclitaxel re-
sistance in nasopharyngeal carcinoma. Oncol 
Rep 2016; 36: 1861-1867.

[48]	 Fayda M, Isin M, Tambas M, Guveli M, Meral R, 
Altun M, Sahin D, Ozkan G, Sanli Y, Isin H, 
Ozgur E, Gezer U. Do circulating long non-cod-
ing RNAs (lncRNAs) (LincRNA-p21, GAS 5, HO-
TAIR) predict the treatment response in pa-
tients with head and neck cancer treated with 
chemoradiotherapy? Tumour Biol 2016; 37: 
3969-3978.

[49]	 Jin C, Yan B, Lu Q, Lin Y, Ma L. The role of 
MALAT1/miR-1/slug axis on radioresistance in 
nasopharyngeal carcinoma. Tumour Biol 2016; 
37: 4025-4033. 

[50]	 Wang Q, Fan H, Liu Y, Yin Z, Cai H, Liu J, Wang 
Z, Shao M, Sun X, Diao J, Liu Y, Tong L, Fan Q. 
Curcumin enhances the radiosensitivity in na-
sopharyngeal carcinoma cells involving the re-
versal of differentially expressed long non-cod-
ing RNAs. Int J Oncol 2014; 44: 858-864.


