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Abstract. – OBJECTIVE: Nasopharyngeal 
carcinoma is the most common head and neck 
tumor in Southern China and Southeast Asia, 
presenting high rates of local invasion and ear-
ly distant metastasis. Abnormally expressed 
miR-99a has been discovered in many tumors, 
and it is involved in nasopharyngeal carcino-
ma as well. This study aims to explore the mo-
lecular mechanisms of miR-99a and mTOR in 
regulating nasopharyngeal carcinoma.

PATIENTS AND METHODS: MiR-99a expres-
sion in nasopharyngeal carcinoma cells was 
detected by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR). MTT (3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide) assay was performed for accessing 
cell proliferative capacity. Dual-Luciferase re-
porter gene assay was employed to verify the 
combination between miR-99a and mTOR. 

RESULTS: We found that miR-99a was down-
regulated while mTOR was upregulated in na-
sopharyngeal carcinoma cell lines CNE1 and 
SUNE1. Low expression of miR-99a or high ex-
pression of mTOR predicted poor prognosis 
of nasopharyngeal carcinoma. MiR-99a over-
expression inhibited the proliferation of CNE1 
and SUNE1 cells through targeting mTOR. 

CONCLUSIONS: We provided evidence that 
miR-99a inhibits NPC cell proliferative ability 
by inhibiting mTOR. The newly identified miR-
99a/mTOR axis provides novel insight into the 
pathogenesis of NPC and represents a poten-
tial therapeutic target for NPC.

Key Words:
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ma, mTOR.

Introduction

Nasopharyngeal carcinoma (NPC), the most 
common head and neck tumor in Southern Chi-
na and Southeast Asia, exerts high rates of local 
invasion and early distant metastasis. Bones, 
lungs and liver are frequently affected by NPC1. 
Although the 5-year survival rate of NPC has 
increased through radiotherapy (RT), 30% of 
NPC patients could not be cured due to distant 
metastasis2,3. Therefore, looking for a new mo-
lecular target of NPC is urgently needed.

MicroRNAs (miRNAs), conserved nonco-
ding RNAs with about 22-28 nucleotides, could 
enhance the degradation or post-transcriptional 
translational repression of target genes via ba-
se-pairing with their 3’-untranslated region (3’-
UTR)4,5. A large amount of evidence displayed 
that many miRNAs play vital roles in NPC, 
including miR-125b, miR-130a, miR-663 and 
miR-1486-9, suggesting the potential participa-
tion of miRNAs in NPC. MiR-99a belongs to 
the miR-99 family, and was reported to be asso-
ciated with the pathogenesis of various tumors, 
including esophageal squamous cell carcinoma, 
gastric cancer, myeloid leukemia10-12. Mei et al10 
has shown that miR-99a could inhibit cell pro-
liferation, migration and invasion in esophageal 
squamous cell carcinoma. Besides, miR-99a is 
associated with poor prognosis of myeloid leu-
kemia12. Wang et al13 displayed that miR-99a 
could inhibit cell invasion and metastasis of 
NPC through HOXA1. However, the effect of 
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miR-99a on the proliferation of nasopharyngeal 
carcinoma cells has not been reported yet.

The mammalian target of rapamycin (mTOR) 
belongs to the phosphatidylinositol kinase-rela-
ted kinase (PIKK) family; it is an evolutionarily 
conserved protein kinase, functioning as Ser/Thr 
kinase14. mTOR is an important member of the 
PI3K/mTOR signaling pathway, associated with 
tumorigenesis and metabolic disorders15-17. Victo-
ria A Robb discovered that mTOR is activated in 
most clear cell renal cell carcinomas18. Guri et al19 
showed that hepatic mTORC2 promotes steatosis 
and tumorigenesis through de novo fatty acid and 
lipid synthesis. Guo et al20 has reported the as-
sociation between mTOR and distant metastasis 
of NPC. MiR-3188 regulated the proliferation and 
chemosensitivity by targeting mTOR in NPC21. 
However, the relationship between miR-99a and 
mTOR has not been studied in NPC. In our re-
port, miR-99a was lowly expressed while mTOR 
was overexpressed in NPC cell lines CNE1 and 
SUNE1. MiR-99a inhibited NPC cell proliferation 
by targeting mTOR. In addition, we also detected 
the overall survival (OS) of NPC patients on the 
basis of the expressions of miR-99a and mTOR.

Patients and Methods

Patients and Clinical Samples
Our study included 56 NPC patients treated 

in Shenzhen People’s Hospital from 2015 to 
2017. Their biopsy samples were obtained for 
analysis. None of them received tumor biopsy 
before being enrolled in this experiment. Cli-
nical characteristics of enrolled NPC patients 
were listed in Table I. Samples for experiments 
was collected with the informed consent from 
patients and experimental procedures were ap-
proved by the Ethics Committee of Shenzhen 
People’s Hospital.

Cell Lines and Culture Condition
Human nasopharyngeal carcinoma cell li-

nes CNE1 and SUNE1 and immortalized na-
sopharyngeal epithelial cell NP69 were pur-
chased from American Type Culture Collection 
(ATCC, Manassas, VA, USA). All cell lines 
were cultured in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) medium supplemented 
with 10% fetal bovine serum (FBS; Gibco Life 
Technologies, Rockville, MD, USA) at 37°C 
with 5% CO2.

RNA Isolation and Quantitative Real
Time-Polymerase Chain Reaction 
(qRT-PCR)

TRIzol Reagent (Invitrogen, Carlsbad, CA, 
USA) or MIRcute and Separation of miRNAs 
Kit (Tiangen, Beijing, China) were used to 
extract total mRNAs and miRNAs from NPC 
cells. Firstly, RNA was reversely transcribed 
into complementary Deoxyribose Nucleic Acid 
(cDNA) using PrimeScript™ II 1st Strand cDNA 
Synthesis Kit (TaKaRa, Otsu, Shiga, Japan). 
SYBR Prime Script miRNA RT-PCR Kit or 
SYBR Premix Kit (TaKaRa, Otsu, Shiga, Japan) 
was utilized to perform quantitative Real-Time 
PCR on ABI PRISM 7900 Sequence Detection 
System (Applied Biosystems, Foster City, CA, 
USA). Relative expression levels of mRNA and 
miRNA were calculated using 2-ΔΔCt method. 
β-actin and U6 were used as internal control of 
mRNAs and miRNAs, respectively. Primer se-
quences used in this study were as follows: miR-
99a, F: 5’-AGCAGCAGAACCAGGAGTAA-
CAAG-3’, R: 5’-GGCGTAGGTGGCGATCT-3’; 
mTOR, F: 5’-CTGGGACTCAAATGTGT-
GCAGTTC-3’, R: 5’-GAACAATAGGGTGAA 
TGATCCGGG-3’; U6: F: 5’-GCTTCGGCA-
GCACATATACTAAAAT-3’, R: 5’-CGCT-
TCAGAATTTGCGTGTCAT-3’; β-actin: F: 
5’-CCTGGCACCCAGCACAAT-3’, R: 5’-GC-
CGATCCACACGGAGTACT-3’.

Protein Extraction and Western 
Blotting

For Western blot assays, adherent NPC cel-
ls were firstly washed by phosphate-buffered 
saline (PBS). Total proteins were lysed using 
radioimmunoprecipitation assay (RIPA) buf-
fer containing with 1% protease inhibitor 
(PMSF) (Beyotime, Shanghai, China) on ice. 
Bicinchoninic acid (BCA) Protein Assay Kit 
(Thermo Scientific, Waltham, MA, USA) was 
employed to determine protein concentration. 
Equal quality of proteins was separated by 
10% sodium dodecyl sulphate-polyacrylami-
de gel electrophoresis (SDS-PAGE) and then 
transferred the blots onto a polyvinylidene 
difluoride (PVDF) membrane (Bio-Rad, Her-
cules, CA, USA). We blocked the non-specific 
binding sites by incubating the membrane with 
5% nonfat dried milk for 1 h, which was dis-
solved by Tris-Buffered Saline and Tween 20 
(TBST). After that, membranes were incubated 
with rabbit polyclonal antibody against mTOR 
(1:1000, ab25880, Abcam, Cambridge, MA, 
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USA) and β-actin mouse monoclonal antibody 
(1:2000, AA128, Beyotime, Shanghai, China) 
at 4°C overnight. At the other day, membra-
nes were incubated by anti-rabbit (1:5000; Sig-
ma-Aldrich, St Louis, MO, USA) or anti-mouse 
(1:5000; sc-362280, Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) secondary antibody for 
2 hours. Enhanced Chemiluminescence (ECL) 
Detection Kit (GE Healthcare, Waukesha, WI, 
USA) was used to determine the interest pro-
teins signals on Odyssey CLx Western Blot De-
tection System (LI-COR Biosciences, Lincoln, 
NE, USA).

Cell Proliferation Assay 
3-(4,5-dimethyl-2-thia-zolyl)-2,5-diphenyl-

2-H-tetrazolium bromide (MTT; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) and di-
methyl sulfoxide (DMSO) solutions (Sigma-Al-
drich, St. Louis, MO, USA) were utilized to 
detect the cell proliferative activity. First, cells 
were seeded into the 96-well plate with 5 ×103 
cells per well. After cell culture for 24, 48, 72 
and 96 hours at 37°C, 10 µL MTT solution was 
added and incubated for 4 h. Subsequently, 150 
µL DMSO solution was added in each well and 
shaken for 10 min on a shaker. The absorbance 
in each well was detected using a microplate 
reader (Bio Tek, Winooski, VT, USA) with 490 
nm wavelength.

Transfection
MiR-99a mimic, inhibitor, pcDNA3.1-mTOR 

and negative control vectors were obtained 
from GenePharma Biotechnology Co., Ltd. 
(Shanghai, China). CNE1 and SUNE1 cells 
were seeded into 6-well plate and transfection 
was performed using Lipofectamine 3000 re-
agent (Invitrogen, Carlsbad, CA, USA) until 
80% of cell density. The pcDNA3.1-mTOR or 
pcDNA3.1-NC was used to co-transfect with 
miR-99a mimic into CNE1 and SUNE1 cells. 
Cells were harvested 48 h after transfection. 

Plasmid Construction and Luciferase 
Reporter Assay

Target genes of miR-99a were predicted 
in TargetScan (http://www.targetscan.org/
vert_71/) and confirmed through searching li-
terature. The 3’-UTR of the target gene con-
taining the binding sequences of miR-99a was 
amplified and inserted into the pmirGlo vector 
(WT) immediately. Subsequently, we mutated 
the binding sequences and cloned into pmirGlo 

vector (MUT) by the QuickChange Multi Si-
te-Directed Mutagenesis Kit (Stratagene, Santa 
Clara, CA, USA). Meanwhile, miR-99a mimic 
or scramble mimic (NC) was also inserted into 
the pmirGlo vector. Cells were co-transfected 
with miR-99a mimic or scramble mimic and 
WT or MUT using Lipofectamine 2000 (Invi-
trogen, Carlsbad, CA, USA). Luciferase activi-
ty of firefly was detected using Dual-Luciferase 
Reporter Gene Assay (Promega, Madison, WI, 
USA) and normalized by Renilla Luciferase. 

Statistical Analysis
All statistical analyses were carried out 

using Statistical Product and Service Solutions 
(SPSS) 19.0 (SPSS, Chicago, IL, USA). The 
differences between the two groups were as-
sessed by Student’s t-test or Pearson’s χ2-test. 
The comparison of difference among multiple 
groups was analyzed using one-way ANOVA, 
followed by post-hoc test for subsequent com-
parison in the individual group. p-value <0.05 
was considered statistically significant.

Results

Expressions of MiR-99a and mTOR 
in NPC Cell Lines 

Real Time-Polymerase Chain Reaction was 
employed to determine miR-99a expression 
in an immortalized nasopharyngeal epithelial 
cell line NP69 and two NPC cell lines CNE1 
and SUNE1. MiR-99a expression was lowly 
expressed in CNE1 (p=0.0013) and SUNE1 
(p=0.0010) cells versus NP69 cells (Figure 1A). 
We also measured the mRNA level of mTOR 
in NPC cell lines CNE1 and SUNE1, as well 
as immortalized cell NP69. On the contrary, 
mRNA level of mTOR was overexpressed in 
CNE1 (p=0.0007) and SUNE1 (p=0.0008) cel-
ls versus NP69 cells (Figure 1B). Our results 
showed that miR-99a was downregulated while 
mTOR was upregulated in NPC cells.

Low Expression of MiR-99a or High 
Expression of mTOR Predicted Poor 
Prognosis of NPC

Fifty-six NPC patients were divided into 
miR-99a(+) group and miR-99a(-) group based 
on their miR-99a expressions. A total of 22 NPC 
was included in miR-99a(+) group. Meanwhile, 
we also divided the NPC patients into mTOR(+) 
group and mTOR(-)group, containing 30 and 
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26 patients, respectively. MiR-99a expression 
was negatively associated with TNM stage 
(p=0.047), lymph-node metastasis (p=0.041), 
local invasion (p=0.034) and mTOR expression 
(p=0.042) in NPC patients. However, miR-99a 
had no relationship with age (p=0.922) and 
gender (p=0.813) of NPC patients, but may be 
correlated with positive expression of Ki-67 
(p=0.063) (Table I).

In addition, the OS of NPC patients was em-
ployed to Kaplan-Meier based on their miR-99a 
expressions. Higher OS was found in miR-99a(+) 
group than that of miR-99a(-) group (Log-rank 
p=0.0306) (Figure 1C). On the contrary, lower 
OS was found in mTOR(+) group versus mTOR(-
) group (Log-rank p=0.125) (Figure 1D). 

MiR-99a Inhibited Proliferation 
of NPC Cells

To detect the effect of miR-99a on prolifera-
tive ability of human NPC cells, we transfected 
miR-99a mimics or inhibitor in CNE1 and 
SUNE1 cells. MTT assay revealed that CNE1 
cells transfected with miR-9a mimics showed 
lower proliferative rate than controls (p=0.0177, 
Figure 2A). Similar results were also obtained 
in SUNE1 cells (p=0.0226, Figure 2B). On 
the contrary, the transfection of miR-99a inhi-
bitor in CNE1 (p=0.0041) and SUNE1 cells 
(p=0.0039) increased proliferation (Figure 2C 
and 2D). These findings illuminated that miR-
99a could suppress the proliferation of NPC 
cells.

Figure 1. MiR-99a and mTOR were correlated with survival in nasopharyngeal carcinoma. A, Low expression of miR-99a 
was detected in nasopharyngeal carcinoma cell lines CNE1 and SUNE1 compared with immortalized nasopharyngeal epi-
thelial cell NP69. B, mTOR was highly expressed in nasopharyngeal carcinoma cells versus immortalized nasopharyngeal 
epithelial cell. C, Effect of miR-99a on overall survival of nasopharyngeal carcinoma. D, OS of nasopharyngeal carcinoma 
patients on the basis of mTOR expression. **, p<0.01; ***, p<0.001.
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MiR-99a Targeted to mTOR and 
Inhibited its Expression

To inquire how miR-99a affects the prolife-
ration of NPC cells, TargetScan software was 
utilized to predict its target genes. We found 
mTOR was a putative target of miR-99a and the 
binding sequence was UACGGGU located at 
295 to 301 on mRNA 3’-UTR. Binding sequen-
ce was mutated from 5’-…CCAUAACUUUA-
GAAAUACGGGUU…3’ to 5’-…CCAUAA-
CUUUAGAAAAUGCCCAU…3’ (Figure 3A).

After co-transfection of mTOR WT and miR-
99a mimic in NPC cells, the Luciferase acti-
vity reduced compared with those transfected 
with mTOR WT and scramble mimic in CNE1 
(p=0.0028) and SUNE1 cells (p=0.0013). Whe-
reas, there is no significant difference betwe-
en NPC cells co-transfected mTOR MUT and 
miR-99a mimic or scramble mimic in both 
CNE1 (p=0.8094) and SUNE1 cells (p=0.9564) 
(Figure 3B).

To investigate whether miR-99a could re-
gulate mTOR expression, we detected mTOR 
expression after transfection with miR-99a 

mimic or inhibitor. We found that miR-99a 
overexpression decreased the mRNA level of 
mTOR in both CNE1 (p=0.0068) and SUNE1 
cells (p=0.0028). In addition, the inhibition of 
miR-99a increased mRNA level of mTOR in 
CNE1 (p=0.0072) and SUNE1 cells (p=0.0007) 
(Figure 3C). Taken together, these results sug-
gested that mTOR is a direct target of miR-99a.

mTOR Could Reverse Partial Function 
of MiR-99a

To confirm that miR-99a inhibits the proli-
ferative activity by targeting mTOR, co-tran-
sfection of miR-99a mimics/inhibitor and pc-
DNA3.1-mTOR/pcDNA3.1-NC in NPC cells 
was performed. As expected, both mRNA and 
protein expressions of mTOR decreased after 
miR-99a overexpression in CNE1 (p=0.0004) 
and SUNE1 (p=0.0004) cells. However, mTOR 
expression was reversed after co-transfection in 
CNE1 (p=0.0270) and SUNE1 cells (p=0.0056) 
(Figure 4A). In addition, compared with indi-
vidual transfection of miR-99a, the prolife-
rative rate increased in co-transfected CNE1 

*Statistically significant difference (p<0.05).

Table I. miR-99a expression and clinicopathological features in 56 paired NPC.

 miR-99a expression

Clinicopathological features Cases (n=56) 22 High (%) 34 Low (%) p-value*

Age (years)     0.922
 <50  25 10 (40.0) 15 (60.0) 
 ≥50 31 12 (38.7) 19 (61.3) 
Gender    
 Male 32 13 (40.6) 19 (59.4) 0.813
 Female 24 9 (37.5) 15 (62.5) 
TNM stage    
 I-II 25 13 (52.0) 12 (48.0) 0.047*
 III-IV 31 9 (29.0) 22 (71.0) 
Lymph-node metastasis    0.041*
 NO 19 11 (57.9) 8 (42.1) 
 YES 37 11 (29.7) 26 (70.3) 
Local invasion    0.034*
 T1-T2 21 12 (57.1) 9 (42.9) 
 T3-T4 35 10 (28.6) 25 (71.4) 
Ki-67    0.063
 <14% 27 14 (51.9) 13 (48.1) 
 ≥14% 29 8 (27.6) 21 (72.4) 
mTOR    0.042*
 Negative 26 14 (53.8) 12 (46.2) 
 Positive 30 8 (26.7) 22 (73.3) 
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(p<0.0001) and SUNE1 cells (p<0.0001). It is 
suggested that mTOR reversed partial function 
of miR-99a (Figure 4B).

Discussion

Nasopharyngeal carcinoma is the most com-
mon head and neck tumor in Southern China 
and Southeast Asia1. Looking for new biomar-
kers of NPC treatment is necessarily required. 
MicroRNAs are conserved noncoding RNAs, 
which regulate target gene expression via ba-
se-pairing with the 3’-UTR of target gene4,5. 
Some miRNAs are closely related to the pro-
liferation and prognosis of NPC6-9. MiR-99a 
is served as a pathogenic factor in many tu-
mors10-12. In esophageal squamous cell carci-
noma cell, miR-99a suppresses cell prolifera-
tion, migration and invasion via targeting the 

IGF1R signaling pathway10. MiR-99a is lowly 
expressed in breast cancer side population cel-
ls, which suppresses cell migration and inva-
sion, as well as sphere formation22. Wang et 
al23 reported that miR-99a inhibited cervical 
cancer cell proliferation and invasion by inhibi-
ting mTOR expression. The previous study has 
demonstrated that miR-99a could affect cell 
metastasis and invasion. However, the impact 
of miR-99a on the proliferation of NPC cells is 
still unknown. In this work, miR-99a was lowly 
expressed in NPC cell lines CNE1 and SUNE1 
measured by RT-PCR. We found that miR-99a 
overexpression inhibited the proliferation of 
NPC cells. Additionally, many target genes of 
miR-99a have been reported, including IGF1R, 
CAPNS1, AKT1 and mTOR10,11,22,24. In our re-
search, we discovered that mTOR was a target 
of miR-99a. MiR-99a was able to downregulate 
mTOR expression. It was the first time to pro-

Figure 2. MiR-99a suppressed proliferation of NPC cells. A, and C, Transfection efficacy of miR-99a mimic or inhibitor 
in CNE1 and SUNE1 cells. B, and D, The proliferative ability was reduced after miR-99a overexpression, whereas miR-99a 
knockdown increased the proliferative ability in CNE1 and SUNE1 cells. *, p<0.05; **, p<0.01; ***, p<0.001.
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pose that miR-99a could affect proliferation of 
NPC cells by directly targeting mTOR. MiR-
99a expression was closely correlated to the 
prognosis of NPC patients.

In our study, miR-99a mediated mTOR 
expression in NPC cell lines CNEA and 
SUNE1. mTOR is a member of the PI3K family, 
exerting a crucial role in PI3K/mTOR signaling 
pathway14-17. Guri et al19 showed that hepatic 
mTORC2 promotes steatosis and tumorigenesis 
through de novo fatty acid and lipid synthesis. 
In cervical cancer cells, miR-99a could inhi-
bit cell proliferation and invasion. Considering 

these findings, we strongly believed that mi-
croRNA-99a impacted the proliferation of NPC 
cells via regulating mTOR. We confirmed that 
mTOR was a target of miR-99a by Dual-Luci-
ferase reporter gene assay. Moreover, mTOR 
expression was negatively regulated by miR-
99a. In addition, the inhibited proliferative acti-
vity by miR-99a overexpression was partially 
reversed by mTOR overexpression, suggesting 
that miR-99a inhibited the proliferation of NPC 
cells by targeting mTOR. We first found that 
miR-99a regulated mTOR expression in NPC 
cells. The previous study has pointed out that 

Figure 3. MiR-99a targeted mTOR and inhibited its expression. A, Predicted targeting sequence of miR-99a at the mTOR 
3’-UTR. B, The wild-type of mTOR binding to miR-99a. C, mTOR expression was negatively regulated by miR-99a expres-
sion in NPC cells. ***, p<0.001; NC, negative control; WT, wide-type of USP39 3’UTR; MUT, mutant-type of USP39 3’UTR. 
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miR-99a is a prognostic predictor of acute 
myeloid leukemia and breast cancer12,25. Addi-
tionally, the mTOR pathway is associated with 
the prognosis of NPC patients26. Our findings 
identically found that miR-99a knockdown or 
mTOR overexpression predicted poor prognosis 
of NPC patients. 

Conclusions

Collectively, we provided evidence that miR-
99a could inhibit the proliferative ability of NPC 
cells by inhibiting mTOR. MiR-99a negatively 
regulated mTOR expression in NPC cells. The 
newly identified miR-99a/mTOR axis provides a 
novel insight into the pathogenesis of NPC and 
represents a potential therapeutic target for NPC.
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