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Knockdown of lncRNA ZFAS1 inhibits progression of nasopharyngeal 
carcinoma by sponging miR-135a 
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Nasopharyngeal carcinoma (NPC) is one of the most common head and neck malignancies with leading cause of cancer-
related death. Long noncoding RNAs (lncRNAs) have been reported to play essential roles in progression, prognosis and 
treatment of patients with NPC. However, the role of lncRNA zinc finger antisense 1 (ZFAS1) and its potential mecha-
nism in NPC progression remain largely unknown. The expression levels of ZFAS1 and microRNA-135a (miR-135a) were 
measured in NPC tissues and cells by quantitative real-time polymerase chain reaction. The interaction between ZFAS1 and 
miR-135a was explored by bioinformatics analysis, luciferase reporter assay and RNA immunoprecipitation. Cell prolifera-
tion, apoptosis, migration and invasion were analyzed by MTT assay, flow cytometry and Transwell assays, respectively. 
Our data showed that the expression of ZFAS1 was upregulated and miR-135a was downregulated in NPC tissues and cells. 
miR-135a was bound to ZFAS1 in NPC cells. Moreover, knockdown of ZFAS1 or overexpression of miR-135a inhibited cell 
proliferation, migration and invasion but promoted apoptosis in NPC cells. Besides, deficiency of miR-135a reversed silence 
of ZFAS1-mediated inhibition of NPC progression in vitro. Our data suggested that inhibition of ZFAS1 protected against 
proliferation, migration and invasion but contributed to apoptosis by sponging miR-135a in NPC cells, providing a novel 
avenue for NPC treatment.
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Nasopharyngeal carcinoma (NPC) is one of the most 
common head and neck malignancies in southern China 
with an incidence of 30 per 100,000 persons [1]. With 
the great advance in the treatment of NPC, many strate-
gies have been used in NPC therapy, such as radiotherapy, 
chemotherapy and immunotherapy [2]. However, the 5-year 
survival of NPC patients remains less than 70% [3]. Hence, 
it is necessary to explore promising treatment for prognosis 
and therapeutics of NPC.

Long noncoding RNAs (lncRNAs) have been reported to 
play important roles in prevention and treatment of NPC by 
regulating cell proliferation, apoptosis, migration, invasion, 
drug resistance and angiogenesis [4]. For example, Wu et 
al. reported that lncRNA urothelial carcinoma-associated 1 
facilitates proliferation, migration and invasion in NPC cells 
[5]. Moreover, Hu et al. revealed that lncRNA homeobox 
transcript antisense intergenic RNA promotes cell prolifera-
tion, invasion and migration in NPC cells [6]. As for lncRNA 

zinc finger antisense 1 (ZFAS1), it has been indicated as an 
oncogene in multiple cancers, contributing to the progres-
sion of cancers [7]. In addition, previous studies demon-
strated that ZFAS1 could promote development of cancers 
and is associated with poor prognosis in many cancers, 
including bladder cancer, non-small-cell lung cancer and 
gastric cancer [8–10]. Notably, the emerging evidence 
suggested that ZFAS1 is dysregulated and induces cell prolif-
eration through regulating Wnt/β-catenin pathway in NPC 
[11]. However, the role of ZFAS1 in migration and invasion 
of NPC and its potential mechanism in NPC progression 
remain poorly understood.

MicroRNAs (miRNAs), a class of small noncoding RNAs 
with 18–25 nucleotides, have been reported to play vital 
roles in progression of human cancers through acting as 
oncogenes or tumor suppressors [12]. Furthermore, former 
work suggested miRNAs as therapeutic targets of NPC [13]. 
Increasing evidences indicated that miR-135a could serve as 
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a tumor suppressor in many cancers, such as glioma, breast 
cancer and gastric cancer [14–16]. Notably, miR-135a is 
suggested to be lowly expressed in NPC cells [17]. Intrigu-
ingly, bioinformatics analysis predicted the potential binding 
sites of ZFAS1 and miR-135a, stimulating us to pay atten-
tion to the interaction between them in NPC. Hence, in 
this study, we investigated the effect of ZFAS1 on cell prolif-
eration, apoptosis, migration and invasion and explored the 
relationship between ZFAS1 and miR-135a to elucidate a 
novel mechanism in NPC progression.

Materials and methods

Clinical samples. A total of 29 paired cancer tissues 
and corresponding adjacent normal tissues were collected 
from patients with NPC from Xingtai People’s Hospital. All 
samples were immediately frozen in liquid nitrogen and then 
stored at –80 °C until used. All participants have signed the 
informed consent and this study was permitted by the Ethics 
Committee of Xingtai People’s Hospital.

Cell culture and transfection. The human nasopharyngeal 
epithelial cell line NP69 and NPC cell lines (CNE1, CNE2, 
HNE1 and HONE1) were purchased from American Tissue 
Culture Collection (Manassas, VA, USA) and maintained in 
Dulbecco’s Modified Eagle Medium (DMEM; Gibco, CA, 
USA) containing 10% fetal bovine serum (FBS; Gibco), 100 
U/ml penicillin and 100 μg/ml streptomycin (Gibco) at 37 °C 
and 5% CO2.

Small interfering RNA (siRNA) against ZFAS1 (si-ZFAS1), 
siRNA negative control (si-NC), pcDNA, pcDNA-based 
ZFAS1 overexpression vector (ZFAS1), miR-135a mimic 
(miR-135a), mimic negative control (miR-NC), miR-135a 
inhibitor (anti-miR-135a) and inhibitor negative control 
(anti-miR-NC) were synthesized by Genepharma (Shanghai, 
China). Cell transfection was performed in CNE1 and 
HONE1 cells with 40 nM oligonucleotides or 200 ng vectors 
by using Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, 
USA) following the manufacturer’s instructions. After 24 h 
of transfection, cells were collected for further studies.

Quantitative real-time polymerase chain reaction 
(qRT-PCR). Total RNA was isolated from tissues or cells 
with TRIzol reagent (Invitrogen) and reverse transcribed 
using TransScript miRNA First stand cDNA Synthesis 
SuperMix (TransGen Biotech, Beijing, China), followed 
by used for qRT-PCR with SYBR green (Applied Biosys-
tems, Foster City, CA, USA) according to the manufac-
turer’s instructions. The qRT-PCR was conducted with 
the following protocol: 95 °C for 10 min, and 40 cycles 
at 95 °C for 15 s and 60 °C for 1 min. The relative expres-
sion levels of miR-135a and ZFAS1 were measured with 
U6 small RNA or β-actin as internal control using 2–ΔΔCt 
method [18]. The primers were used in this study as follows: 
miR-135a (Forward, 5’-TATGGCTTTTTATTCCTAT-
GTGA-3’; Reverse, 5’-TATGGCTTTTCATTCCTAT-
GTGA-3’),  U6 (Forward, 5’-CTCGCTTCGGCAG-

CACA-3’; Reverse, 5’-AACGCTTCACGAATTTGCGT-3’), 
ZFAS1 (Forward, 5’-CCGGAGTGTGGTACTTCTCC-3’; 
Reverse, 5’-CCAGAGGTCTCCAACGAAGA-3’), β-actin 
(Forward, 5’-CAGCCTTCCTTCTTGGGTAT-3’; Reverse, 
5’-TGGCATAGA GGTCTTTACGG-3’).

Bioinformatics analysis and luciferase reporter assay. 
The potential binding sites of miR-135a and ZFAS1 were 
predicted by bioinformatics analysis using starBase online. 
To construct the luciferase reporter vector, the sequences 
of ZFAS1 containing the putative binding sites of miR-135a 
were amplified and inserted in pGL3-promoter reporter 
vector (Promega, Madison, WI, USA). Corresponding 
mutant reporter vector was obtained by mutating the binding 
sites (AAGCCAU) to (GAAUAGC). CNE1 and HONE1 cells 
were co-transfected with wild-type (WT) or mutant (MUT) 
luciferase reporter vectors (ZFAS1-WT or ZFAS1-MUT), 
and miR-135a mimic or miR-NC using Lipofectamine™ 2000 
according to the manufacturer’s protocols. After the transfec-
tion for 48 h, cells were collected for luciferase activity assay 
using luciferase reporter assay kit (Promega) according to the 
manufacturer’s instructions.

RNA immunoprecipitation (RIP). RIP assay was 
performed by using Magna RNA immunoprecipitation 
kit (Millipore, MA, USA) according to the manufacturer’s 
protocols. In brief, CNE1 and HONE1 cells transfected with 
miR-135a mimic or miR-NC were lysed and incubated in 
RIP immunoprecipitation buffer containing magnetic beads 
bound with antibody against Ago2 or IgG. The level of ZFAS1 
enriched on beads were analyzed by qRT-PCR.

Cell proliferation. 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2-H-tetrazolium bromide (MTT) assay was used 
to measure cell proliferation. CNE1 and HONE1 cells were 
seeded into 96-well plates at a density of 5, 000 cells per well. 
After the culture for 0, 24, 48 or 72 h, cells were incubated 
with 0.5 mg/ml MTT solution (Sigma, MO, USA) for another 
4 h, followed by interacted with 100 μl of dimethylsulfoxide 
(Thermo Fisher, DE, USA). Following the solubilization of 
formazan, the absorbance was measured at 490 nm using a 
microplate reader (Bio-Rad, CA, USA).

Cell apoptosis. Annexin V-FITC/PI apoptosis detection 
kit (Yeasen, Shanghai, China) was used for measurement of 
cell apoptosis by flow cytometry. After the culture for 72 h, 
CNE1 and HONE1 cells were resuspended in binding buffer, 
and then stained with 5 μl Annexin V-FITC and 10 μl PI for 
10 min in the dark. The apoptotic cells were examined via 
using a flow cytometer (Becton Dickinson, CA, USA).

Transwell assay was performed to measure cell migration 
and invasion using transwell chambers (Corning, NY, USA). 
In brief, CNE1 and HONE1 cells (2×104 cells/well) in serum-
free DMEM medium were seeded in the upper chambers, and 
600 μl DMEM medium containing 10% FBS was placed in 
the lower chambers. After the incubation for 24 h, migrated 
cells through the membranes were stained with 0.1% crystal 
violet (Sigma) and then observed under a ×200 magnifica-
tion microscope (Olympus, Tokyo, Japan) in five random 
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fields. For the invasion assay, the transwell chambers were 
pre-coated with Matrigel (Becton Dickinson) and experi-
ment was performed following the same approach.

Statistical analysis. Data were presented as the mean ± 
standard deviation (S.D.) from three independent experi-
ments. The differences between groups were analyzed by 
student’s t-test or one-way ANOVA using GraphPad Prism 7 
(GraphPad Inc., CA, USA). A p-value <0.05 was regarded as 
statistical significance.

Results

ZFAS1 is highly expressed in NPC. To explore the poten-
tial role of ZFAS1 in NPC progression, its expression was 
measured in NPC tissues and cells. qRT-PCR assay showed 
that the expression of ZFAS1 was abnormally elevated in 
NPC tissues compared with that in adjacent normal samples 
(n=29) (Figure 1A). Moreover, the abundance of ZFAS1 was 

much higher in NPC cells (CNE1, CNE2, HNE1 and HONE1) 
than in control NP69 cells (Figure 1B). Consequently, CNE1 
and HONE1 cells with relative higher expression of ZFAS1 
were used for subsequent experiments.

ZFAS1 is a sponge of miR-135a. To explore the mecha-
nism that allows ZFAS1 in NPC progression, promising 
miRNAs bound to ZFAS1 were explored by bioinformatics 
analysis using starBase, which predicted the putative binding 
sites of ZFAS1 and miR-135a. To validate this prediction, 
wild-type or mutant luciferase reporter vectors ZFAS1-WT 
or ZFAS1-MUT were generated and transfected into CNE1 
and HONE1 cells. (Figure 2A). As shown in Figures 2B–2D, 
the abundance of miR-135a was effectively enhanced in 
CNE1 and HONE1 cells by transfection of miR-135a mimic 
compared with that in miR-NC group. Moreover, upregula-
tion of miR-135a led to a great loss of luciferase activity in 
CNE1 and HONE1 cells transfected with ZFAS1-WT, while 
its efficacy was lost in response to ZFAS1-MUT group. 

Figure 1. ZFAS1 expression is enhanced in NPC tissues and cells. A) The expression of ZFAS1 was measured in NPC tissues and adjacent normal 
samples by qRT-PCR. n=29. B) The abundance of ZFAS1 was detected in NPC cells and control cells by qRT-PCR. *p<0.05, **p<0.01, ***p<0.001.

Figure 2. miR-135a is sponged by ZFAS1. A) The putative binding sites of ZFAS1 and miR-135a were predicted by starBase. B) The expression of 
miR-135a was measured in CNE1 and HONE1 cells transfected with miR-135a mimic or mimic negative control (miR-NC) by qRT-PCR. C and D) 
Luciferase activity was detected in CNE1 and HONE1 cells co-transfected with luciferase reporter vectors ZFAS1-WT or ZFAS1-MUT and miR-NC 
or miR-135a. E and F) The level of ZFAS1 enriched by Ago2 RIP was measured in CNE1 and HONE1 cells transfected with miR-135a or miR-NC by 
qRT-PCR. G and H) The expression levels of ZFAS1 and miR-135a were detected in CNE1 and HONE1 cells transfected with pcDNA, ZFAS1, si-NC or 
si-ZFAS1 by qRT-PCR. **p<0.01, ***p<0.001.
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abundance of miR-135a was significantly decreased in NPC 
cells (CNE1, CNE2, HNE1 and HONE1) compared with that 
in control NP69 cells (Figure 3B).

Depletion of ZFAS1 or miR-135a addition inhibits 
progression of NPC. To explore the roles of ZFAS1 and 
miR-135a in NPC progression, CNE1 and HONE1 cells were 
transfected with si-NC, si-ZFAS1, miR-NC or miR-135a. 
After the transfection, cell proliferation was obviously 
reduced in CNE1 and HONE1 cells by silencing ZFAS1 at 48 
and 72 h (Figure 4A). Similarly, overexpression of miR-135a 
significantly decreased the proliferation rate of CNE1 and 
HONE1 cells at 48 and 72 h (Figure 4B). Moreover, knock-
down of ZFAS1 or addition of miR-135a led to great produc-
tion of apoptosis in CNE1 and HONE1 cells (Figures 4C and 
4D). In addition, knockdown of ZFAS1 strikingly limited 

Furthermore, overexpression of miR-135a resulted in higher 
level of ZFAS1 enriched by Ago2 RIP, whereas it failed to 
show efficacy of enrichment in IgG RIP group (Figures 2E 
and 2F). In addition, the effect of ZFAS1 on miR-135a expres-
sion was investigated in CNE1 and HONE1 cells through 
overexpressing ZFAS1 or knocking down ZFAS1, which was 
confirmed in Figure 2G. The data of qRT-PCR also revealed 
that the level of miR-135a was notably decreased by overex-
pression of ZFAS1 and increased by knockdown of ZFAS1 in 
CNE1 and HONE1 cells (Figure 2H).

miR-135a is lowly expressed in NPC. Seeing that 
miR-135a is bound to ZFAS1, the expression of miR-135a 
was also detected in NPC. Compared with that in normal 
samples, miR-135a level was obviously reduced in NPC 
cancer tissues (n=29) (Figure 3A). Furthermore, the 

Figure 3. miR-135a expression is reduced in NPC tissues (A) and cell lines (B). The expression of miR-135a in NPC tissues and cells was measured by 
qRT-PCR. *p<0.05, **p<0.01, ***p<0.001.

Figure 4. ZFAS1 knockdown or miR-135a overexpression inhibits proliferation and promotes apoptosis in NPC cells. A and C) Cell proliferation and 
apoptosis were measured in CNE1 and HONE1 cells transfected with si-NC or si-ZFAS1 by MTT assay and flow cytometry, respectively. B and D) Cell 
proliferation and apoptosis were detected in CNE1 and HONE1 cells transfected with miR-NC or miR-135a by MTT assay and flow cytometry, respec-
tively. *p<0.05, **p<0.01, ***p<0.001.
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the migratory and invasive abilities of CNE1 and HONE1 
cells (Figures 5A and 5B). The results of Transwell assay also 
demonstrated that overexpression of miR-135a resulted in 
obvious suppression of migration and invasion in CNE1 and 
HONE1 cells (Figures 5C and 5D).

Deficiency of miR-135a attenuates interference of 
ZFAS1-mediated NPC progression inhibition. To investi-
gate whether miR-135a is required for the regulatory mecha-
nism of ZFAS1 in NPC progression, CNE1 and HONE1 cells 
were transfected with si-NC, si-ZFAS1, si-ZFAS1 and anti-
miR-NC or anti-miR-135a. After the transfection, knock-
down of miR-135a significantly alleviated the inhibitory 
effect of ZFAS1 interference on cell proliferation in CNE1 
and HONE1 cells (Figures 6A and 6B). Moreover, inhibi-
tion of miR-135a markedly abated silence of ZFAS1-induced 
apoptosis in CNE1 and HONE1 cells (Figures 6C and 6D). 
Besides, knockdown of miR-135a rescued the migratory and 
invasive abilities of CNE1 and HONE1 cells from ZFAS1 
knockdown (Figures 6E–6H).

Discussion

Previous study has reported lncRNAs as potential thera-
peutic targets for NPC by addressing metastasis [19]. ZFAS1, 
as an oncogenic lncRNA, has been indicated as unfavorable 
prognostic factor and therapeutic target for treatment of 
multiple cancers [20, 21]. However, the function of ZFAS1 
is largely unknown in NPC. Therefore, we investigated the 

effect of ZFAS1 on migration and invasion in NPC cells and 
explored the underlying mechanism in progression of NPC. 
This study first demonstrated that inhibition of ZFAS1 could 
upregulate miR-135a expression to inhibit cell proliferation, 
migration and invasion but to induce apoptosis in NPC cells.

In our study, we found that ZFAS1 expression was 
increased in NPC tissues and cells, suggesting its potential 
carcinogenic role in NPC. Moreover, knockdown of ZFAS1 
inhibited proliferation and increased apoptosis in NPC cells, 
which is also in agreement with previous study [11]. Besides, 
we first demonstrated that interference of ZFAS1 blocked 
the abilities of migration and invasion in NPC cells, which 
is also consistent with the reports that ZFAS1 contributed to 
cell migration and invasion in other cancers [22, 23]. These 
findings revealed that ZFAS1 functioned as an oncogene in 
NPC progression. However, the potential mechanism that 
allows ZFAS1 participating in NPC progression remains 
poorly understood. Former works indicated that ZFAS1 
could act as miRNA sponge to regulate the target expres-
sions in many conditions. For example, ZFAS1 promoted 
migration and invasion in rheumatoid arthritis by sponging 
miR-27a [24]. Moreover, silencing ZFAS1 suppressed cell 
proliferation and promoted apoptosis by regulating miR-329 
in bladder cancer [25]. Additionally, knockdown of ZFAS1 
protected against acute myocardial infarction by mediating 
miR-150 and C-reactive protein [26]. Therefore, to figure 
out whether ZFAS1 serves as a miRNA sponge in NPC, the 
potential miRNA was explored by bioinformatics analysis 

Figure 5. ZFAS1 inhibition or miR-135a overexpression suppresses migration and invasion in NPC cells. A and B) Cell migration and invasion were 
measured in CNE1 and HONE1 cells transfected with si-NC or si-ZFAS1 by Transwell assay. C and D) Cell migration and invasion were detected in 
CNE1 and HONE1 cells transfected with miR-NC or miR-135a by transwell assay. **p<0.01, ***p<0.001.
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and results showed miR-135a containing the binding sites 
of ZFAS1. Subsequently, the interaction between ZFAS1 and 
miR-135a was validated by luciferase reporter assay and RIP 
assay.

Previous studies have reported that miR-135a acted as a 
tumor suppressor in human cancers. For instance, miR-135a 
inhibited proliferation and migration by regulating Na/H 
Exchanger isoform 9 in glioblastoma cells [27]. Further-
more, Zhang et al. reported that miR-135a suppressed 
cell growth and metastasis in pancreatic cancer [28]. In 
addition, Shi et al. revealed that miR-135a inhibited migra-
tion, invasion and epithelial-mesenchymal transition by 
targeting krüppel-like factor 8 in lung cancer [29]. What’s 
more, former effort showed that miR-135a was downregu-
lated in NPC cells and it played an anti-cancer role in NPC 
[17]. Similarly, in this study we also showed low expres-
sion of miR-135a in NPC cells and its addition inhibited 
NPC progression. Notably, miR-135a absence attenuated 
knockdown of ZFAS1-mediated therapeutic effect on NPC 
in vitro. Thus, we provided insight into ZFAS1 regulating 
malignancy of NPC by sponging miR-135a.

However, there were some limitations in the present study. 
First, the sample size should be increased to further investi-
gate the effect of ZFAS1 on prognosis of NPC patients. Then 
the pre-clinical experiments should be performed to analyze 
the regulatory role of ZFAS1 in vivo by xenograft model 
in future. Furthermore, the promising targets of miR-135a 

and signaling pathway should be explored for better under-
standing the mechanism in further study.

In conclusion, ZFAS1 was highly expressed and miR-135a 
was lowly expressed in NPC tissues and cells. Silencing 
ZFAS1 repressed proliferation, migration and invasion 
but triggered apoptosis in NPC cells, possibly by sponging 
miR-135a, providing a novel mechanism for progression and 
pathogenesis of NPC and indicating a new potential strategy 
for treatment of NPC.

Figure 6. Abrogation of miR-135a reverses interference of ZFAS1-mediated NPC progression inhibition. Cell proliferation (A and B), apoptosis (C and 
D), migration (E and F) and invasion (G and H) were measured in CNE1 and HONE1 cells transfected with si-NC, si-ZFAS1, si-ZFAS1 and anti-miR-
NC or anti-miR-135a by MTT assay, flow cytometry and transwell assay, respectively. *p<0.05, **p<0.01, ***p<0.001.
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