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To elucidate the mechanism of action of HOXA11-AS in 
modulating the cisplatin resistance of nasopharyngeal 
carcinoma (NPC) cells. HOXA11-AS and miR-454-3p 
expression in NPC tissue and cisplatin-resistant NPC cells 
were measured via quantitative reverse transcriptase 
polymerase chain reaction. NPC parental cells (C666-1 
and HNE1) and cisplatin-resistant cells (C666-1/DDP and 
HNE1/DDP) were transfected and divided into different 
groups, after which the MTT method was used to determine 
the inhibitory concentration 50 (IC50) of cells treated with 
different concentrations of cisplatin. Additionally, a clone 
formation assay, flow cytometry and Western blotting were 
used to detect DDP-induced changes. Thereafter, xenograft 
mouse models were constructed to verify the in vitro results. 
Obviously elevated HOXA11-AS and reduced miR-454-
3p were found in NPC tissue and cisplatin-resistant NPC 
cells. Compared to the control cells, cells in the si-HOXA11-
AS group showed sharp decreases in cell viability and IC50, 
and these results were reversed in the miR-454-3p inhibitor 
group. Furthermore, HOXA11-AS targeted miR-454-3p, 
which further targeted c-Met. In comparison with cells in the 
control group, HNE1/DDP and C666-1/DDP cells in the si-
HOXA11-AS group demonstrated fewer colonies, with an 
increase in the apoptotic rate, while the expression levels of 

c-Met, p-Akt/Akt and p-mTOR/mTOR decreased. Moreover, 
the si-HOXA11-AS-induced enhancement in sensitivity to 
cisplatin was abolished by miR-454-3p inhibitor transfection. 
The in vivo experiment showed that DDP in combination 
with si-HOXA11-AS treatment could inhibit the growth of 
xenograft tumors. Silencing HOXA11-AS can inhibit the 
c-Met/AKT/mTOR pathway by specifically upregulating miR-
454-3p, thus promoting cell apoptosis and enhancing the 
sensitivity of cisplatin-resistant NPC cells to cisplatin.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC), a highly malignant na-

sopharyngeal mucosal epithelial tumor, has become the 

most common head and neck malignant tumor and is char-

acterized by strong infiltration and susceptibility to distant 

metastasis, which (Jia and Qin, 2012). Principally, the clinical 

treatment for NPC is carried out through radiotherapy, che-

motherapy and surgery (Zhang et al., 2013). In particular, for 

mid-term or advanced NPC, a combination of chemotherapy 
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and radiotherapy is often used to improve the therapeutic 

effect (Kamran et al., 2015). However, these strategies do 

little to increase the survival of patients after treatment, with 

a 5-year survival rate of 55% to 60% (Colaco et al., 2013). 

To date, cisplatin (also known as DDP) in combination with 

5-fluorouracil prevails in chemotherapy protocols (Kong et al., 

2015), whereas the resistance of tumor cells to DDP that has 

emerged from chemotherapy is a major cause of treatment 

failure (Chen et al., 2011). Thus, it is important to explore the 

resistance of NPC cells to DDP for improving the treatment of 

NPC.

 Long noncoding RNA (lncRNA) represents a group of 

noncoding RNAs with a length of more than 200 nucleo-

tides (nt) (Han et al., 2016). LncRNA, as reported, can act 

as competing endogenous RNA (ceRNA) to compete with 

response elements for binding to the same miRNA, thereby 

modulating miRNA-targeted genes and playing a key role 

in tumorigenesis (Song et al., 2018). LncRNA HOXA11-AS, 

as a member of the homeobox (HOX) family, is a lncRNA 

with a length of 3885 nt located on chromosome 7p15.2 

(Zhang et al., 2016). Recently, investigations have revealed 

abnormal HOXA11-AS expression in human non-small cell 

lung cancer (Zhang et al., 2017), gastric cancer (Liu et al., 

2017), colorectal cancer (Li et al., 2016), and liver cancer (Yu 

et al., 2017), as well as its intimate associations with tumor 

progression and prognosis. More importantly, the work of 

Zhang et al. (2019) discovered the upregulation of HOXA11-

AS in a drug-resistant lung cancer cell and that knockout of 

HOXA11-AS reversed the resistance of the lung cancer cells 

to cisplatin. As stated by Zhao et al. (2018), HOXA11-AS can 

also act as a ceRNA to regulate the expression of miR-454-

3p/STAT3 to promote cisplatin resistance of lung adenocarci-

noma cells. Through the online miRNA target prediction da-

tabases StarBase (http://starbase.sysu.edu.cn) and TargetScan 

(http://www.targetscan.org), miR-454-3p was identified as 

having binding sites for HOXA11-AS and c-Met. Zhao et al. 

(2018) found that approximately 30 miRNAs could sponge 

with HOXA11-AS, but only miR-454-3p could be observably 

affected by silenced HOXA11-AS. More importantly, miR-

454-3p has been reported to be dysregulated and to function 

as an oncogene or an anti-oncogene in various tumors (Fang 

et al., 2015; Zhou et al., 2016). Niu et al. (2015) demonstrat-

ed that ectopic miR-454 expression resulted in the inhibition 

of osteosarcoma cell proliferation and invasion by directly 

targeting c-Met. As per the evidence of Li et al. (2011), c-Met 

overexpression has been reported in NPC, while silencing 

c-Met was shown to abolish the proliferation, invasion and 

migration of NPC cells. However, little is known about the 

function and the underlying mechanism of HOXA11-AS and 

miR-454-3p in NPC.

 To solve this problem, we conducted experiments to inves-

tigate whether HOXA11-AS can modulate the cisplatin resis-

tance of NPC cells, with the aim to provide a new therapeutic 

target for NPC treatment.

MATERIALS AND METHODS

Ethical statement
This study was approved by the ethical committee of Fujian 

Provincial Cancer Hospital (No. 2017-042-01). All patients 

signed written informed consents to authorize the collection 

of tissue specimens, and the protocols relating to the animals 

were approved by the ethical committee for experimental 

animals of Fujian Cancer Hospital & Fujian Medical University 

Cancer Hospital. Treatment of the experimental animals was 

carried out in accordance with the Guide for the Care and 

Use of Laboratory Animals of the National Institutes of Health 

(Bayne, 1996).

Subjects
Between June 2017 and June 2019, we enrolled 96 NPC pa-

tients at our hospital, including 62 males and 34 females with 

the average age of 58.15 ± 11.23 years (age range, 36-73 

years). All patients underwent a biopsy for a nasopharyngeal 

tumor and were accordingly diagnosed with primary NPC as 

per the pathological test. Simultaneously, tumor-adjacent 

tissues were collected and confirmed as normal nasopharyn-

geal mucosa by a pathological test. All tissue samples were 

preserved at –80°C following snap freezing in liquid nitrogen.

Cell culture
Cisplatin-sensitive NPC cell lines (C666-1 and HNE1) and their 

cisplatin-resistant clones (C666-1/DDP and HNE1/DDP) were 

purchased from the Cell Bank of Xiangya School of Medicine, 

Central South University. The cells were cultured in RPMI 

1640 medium supplemented with 10% inactivated fetal bo-

vine serum (FBS) and 100 µg/ml penicillin and streptomycin, 

while in the medium for the HNE1/DDP and C666-1/DDP 

cells, DDP was added at a concentration of 1 µg/ml to sustain 

the resistance of the cells to DDP, which was removed at 24 

h prior to the experiment by replacing the medium with RPMI 

1640 medium supplemented only with 10% FBS.

Quantitative reverse transcriptase polymerase chain reac-
tion (qRT-PCR)
TRIzol reagent (Invitrogen, USA) was used to extract total 

RNA from tissue specimens and cells and was later subject-

ed to determination of the RNA concentration and purity 

by using a NanoDrop 2000 (Thermo Fisher Scientific, USA) 

spectrometer. Subsequently, cDNA was prepared from 1 µg 

of total RNA by using the Reverse Transcription System Kit, 

and based on the gene sequences in the GenBank database, 

primers for PCR were designed in Primer 5.0 software (Pre-

mier Biosoft International, USA; primer sequences are shown 

in Table 1). All primers were synthesized by Shanghai Gene-

Table 1. Primer sequences used in qRT-PCR

Gene Primers

HOXA11-AS Forward 5’-ACGCTAGGCACCACTTTGTT-3’

Reverse 5’-CCGGCTACTAGTCAGTGTG-3’

GAPDH Forward 5’-CCCACTCCTCCACCTTTGAC-3’

Reverse 5’-GGATCTCGCTCCTGGAAGATG-3’

miR-454-3p Forward 5’-TAGTGCAATATTGCTTA-3’

Reverse 5’-CAGTGCGTGTCGTGGAGT-3’

U6 Forward 5’-CTCGCTTCGGCAGCACA-3’

Reverse 5’-AACGCTTCACGAATTTGCGT-3’



858  Mol. Cells 2020; 43(10): 856-869

HOXA11-AS Modulates the Cisplatin Resistance of NPC Cells
Feng-Jie Lin et al.

Pharma (China), and the PCRs were all carried out in the ABI 

PRISM 7500 Real-time PCR System (Applied Biosystem, USA). 

The relative expression of target genes was quantified via the 

formula of 2-△△Ct, with U6 as the internal reference for miR-

454-3p and GAPDH as the internal reference for HOXA11-

AS, where △Ct = CTtarget gene 
– CTreference gene and △△Ct = △

Cttreatment 
– △Ctcontrol.

Cell transfection
Cells in the logarithmic growth phase were plated into a 

6-well plate containing complete medium. When the cells 

reached 80% confluency, cell transfection was performed us-

ing the Lipofectamine 2000 Kit (Invitrogen) according to the 

manufacturer’s instructions. The cells were divided into the 

control group, si-NC group, si-HOXA11-AS group, miR-454-

3p inhibitor group, miR-454-3p mimic group, si-c-Met group, 

si-HOXA11-AS + miR-454-3p inhibitor group and miR-454-

3p inhibitor + si-c-Met group, wherein NC siRNA, HOXA11-

AS siRNA, miR-454-3p inhibitor, miR-454-3p mimic and 

c-Met siRNA were all provided by the Shanghai GenePharma.

Dual luciferase reporter assay
HOXA11-AS/c-Met, harboring the binding site of miR-454-

3p and HOXA11-AS-WT/c-Met-WT, and HOXA11-AS-MUT/

c-Met-MUT, harboring the 3’UTR sequence carrying mutated 

binding sites, were constructed. HNE1 and C666-1 cells were 

plated in a 24-well plate, and when the cells reached 80% 

confluency, the miR-454-3p mimic/miR-454-3p inhibitor/

miR-NC (Shanghai GenePharma) and luciferase reporter 

vector were then cotransfected into the cells by using Lipo-

fectamine 2000 (Invitrogen). After 24 h of transfection, the 

luciferase reporter gene assay kit (Promega, USA) was utilized 

to determine the luciferase activity of the cells, which was 

represented by the ratio of firefly luciferase activity to that of 

Renilla luciferase activity.

RNA immunoprecipitation
The EZMagna RNA immunoprecipitation (RIP) Kit (Millipore, 

USA) was used according to the manufacturer’s protocol. 

HNE1 and C666-1 cells were lysed and incubated with RIPA 

buffer containing magnetic beads conjugated with a human 

anti-Argonaute2 (Ago2) antibody (Millipore). Normal mouse 

IgG (Millipore) was used as a negative control. The samples 

were incubated with proteinase K, after which immunopre-

cipitated RNA was extracted. Purified RNA was subjected to 

qRT-PCR analysis.

RNA pull-down assays
The interactions between HOXA11-AS and miR-454-3p, miR-

454-3p and c-Met were further examined by RNA pull-down. 

HOXA11-AS and miR-454-3p were transcribed using T7 RNA 

polymerase, purified using the RNeasy Plus Mini Kit (Qiagen, 

Germany), and treated with RNase-free DNase I (Qiagen). 

Transcribed RNAs were biotin-labeled with the Biotin RNA 

Labeling Mix. Positive, negative, and biotinylated RNAs were 

mixed and incubated with HNE1 and C666-1 cell lysates. 

Magnetic beads were added to each binding reaction, fol-

lowed by incubation at room temperature. The beads were 

washed with washing buffer, and qRT-PCR was used to de-

termine the enrichment of the retrieved RNA.

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazoli-
um bromide) assay
The cells were plated into a 96-well plate, with 2 × 103 cells in 

each well, followed by incubation at 5% CO2, saturated hu-

midity and 37°C. Twenty-four hours later, the cells were sub-

jected to treatment with DDP at varying concentrations (0, 2, 

4, 8, 16, and 32 µg/ml). After 48 h of culture, MTT reagent 

(5 mg/ml) was added (20 µl/well) for incubation at 37°C for 

4 h. The cells were incubated with 150 µl dimethyl sulfoxide 

(DMSO) for 30 min. The viability and inhibitory concentration 

50 (IC50) value of the cells were calculated based on the read-

ings of each well at a wavelength of 570 nm.

Clone formation assay
HNE1/DDP and C666-1/DDP cells in a logarithmic phase 

were seeded in a 6-well plate at density of 500-1,000 cells/

well, with 3 replicates for each group, and cultured in the 

complete medium supplemented with 30% FBS and 4 µg/

ml DDP. During 7 to 14 days of culture, the medium was 

refreshed every 3 days to observe the status of the cells un-

der the microscope, including the size of the clone, and the 

clones that were contained within the microscopic field of 

vision were photographed. The plate with the cells was then 

taken out of the incubator, the medium was discarded, and 

the cells were rinsed in PBS and fixed in 4% paraformalde-

hyde for 20 min. The cells were then stained in 0.2% crystal 

violet for 5 min, rinsed in water and dried for photographing. 

This experiment was repeated three times.

Flow cytometry
HNE1/DDP and C666-1/DDP cells were collected from all 

groups and seeded in a 6-well plate. In each well, DDP (4 µg/

ml) was added, and after 48 h, the cells were collected and 

digested in 0.25% trypsin, followed by the centrifugation at 

2500 rpm for 10 min. Thereafter, the supernatant was dis-

carded; the while the pellet was transferred into a 1.5 ml EP 

tube and resuspended in 1 ml PBS for 5 min. The cell suspen-

sion (100 µl) was placed into tubes with 5 µl fluorescence-la-

beled annexin V/FITC and 10 µl propidium iodide (20 µg/ml), 

followed by 15 min of incubation without light. Thereafter, 

the mixture was mixed with 400 µl staining buffer and then 

loaded on a flow cytometer (BD Biosciences, USA) for analy-

sis. For each test, 104 cells were loaded, and data analysis was 

performed by using Cell Quest software (BD Biosciences).

Western blotting
The total protein was extracted from cells and subjected to 

measurement of the protein concentration by using a bi-

cinchoninic acid kit (Boster, China). The proteins were then 

boiled with loading buffer for 10 min at 95°C, and 50 µg pro-

teins were loaded in each lane of the gel for 10% sodium do-

decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

to separate the proteins, which were later transferred onto a 

polyvinylidene fluoride (PVDF) membrane. The unoccupied 

sites on the membrane were blocked in 5% bull serum albu-

min for 1 h. Thereafter, the proteins on the membrane were 

incubated with primary antibodies to the following proteins 
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Fig. 1. Expression of HOXA11-AS and miR-454-3p in NPC tissues and drug-resistant cell lines. (A and B) Expression of HOXA11-

AS (A) and miR-454-3p (B) in NPC tissues and tumor-adjacent normal tissues; *P < 0.05 vs the tumor-adjacent normal tissues. (C) The 

expression level of HOXA11-AS in HNSCC tissues and normal tissues in The Cancer Genome Atlas (TCGA) database was analyzed and 

is shown. (D) The survival curve was generated to analyze the correlation between HOXA11-AS expression and the overall survival of 

HNSCC patients based on TCGA dataset. (E and F) Viabilities and IC50 values of HNE1, C666-1, HNE1/DDP, and C666-1/DDP cells treated 

with DDP at varying concentration as assessed by MTT. (G and H) Expression of HOXA11-AS and miR-454-3p in NPC cells (HNE1, C666-

1) and the corresponding cisplatin-resistant cells (HNE1/DDP, C666-1/DDP); *P < 0.05 vs HNE1 or C666-1 cells.
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at dilutions of 1:500 at 4°C overnight: c-Met (ab51067; Ab-

cam, UK), Akt (ab8805; Abcam), p-Akt (ab38449; Abcam), 

mTOR (ab2732; Abcam), p-mTOR (ab84400; Abcam), and 

β-actin (ab8226; Abcam). Later, the resulting immunoblots 

were further incubated with the corresponding secondary 

antibodies (Abcam) for 1 h, which was then terminated by 

rinsing the membrane in PBST three times, 5 min/wash. The 

final immunoblots were visualized with the Roche enhanced 

chemiluminescence (ECL) reagent (Millipore, USA). Finally, 

analysis of the band intensity was carried out with the ImageJ 

software for the target bands, with the intensity of β-actin 

used as the loading control.

Construction of the xenograft models in nude mice
BALB/c nude mice, aged between 6- and 8-week-old, were 

provided by the Shanghai Laboratory Animal Center of Chi-

nese Academy of Sciences and divided into the following 

groups: control group (intraperitoneal injection of normal 

saline), DDP group (intraperitoneal injection of DDP), si-

NC group (intratumoral injection of si-NC), si-HOXA11-AS 

group (intratumoral injection of si-HOXA11-AS), DDP + si-

NC group and DDP + si-HOXA11-AS group, with 8 mice in 

each group. Following one week of adaptation, HNE1 cells in 

a logarithmic phase were collected and resuspended in PBS 

at density of 107 cells/ml. Then, HNE1 cells were injected sub-

cutaneously in the axilla of the forelimbs of the nude mice, 

0.2 ml/mouse. When the tumors reached approximately 

300 mm3, intratumoral injection of 100 µl of 250 nM si-NC/

si-HOXA-11A manufactured with atelocollagen (daily) or in-

traperitoneal injection with DDP (25 mg/kg, twice a week) or 

a combination of si-NC/si-HOXA-11A and DDP were carried 

out (Wang et al., 2017). At the end of experiment, the mice 

were decapitated to remove the tumor for measuring the vol-

ume by using the following the formula: volume = (length/

width2)/2. In addition, the tumor was also weighed.

Statistical methods
The IBM SPSS Statistics 20.0 software (IBM, USA) was used 

for data analysis. Measurement data are presented as the 

mean ± standard deviation, and the difference between two 

groups was verified by the t-test, while the difference among 

groups was verified by the one-way ANOVA and Tukey’s post 

hoc test. A P < 0.05 suggested that the difference had statis-

tical significance.

RESULTS

Expression of HOXA11-AS and miR-454-3p in NPC tissues 
and drug-resistant cell lines
As shown in Figs. 1A and 1B, in comparison with the tu-

mor-adjacent normal tissues, in NPC tissues HOXA11-AS 

was upregulated with the downregulation of miR-454-3p 

(all P < 0.05). For further confirmation, the expression level 

of HOXA11-AS in the neck squamous cell carcinoma (HN-

SCC) samples of The Cancer Genome Atlas (TCGA) database 

(https://cancergenome.nih.gov/) was analyzed, and the data 

showed that HOXA11-AS was expressed at a much higher 

level in HNSCC tissues than in normal tissues (Fig. 1C). A sur-

vival curve was generated to reveal the correlation between 

HOXA11-AS expression and the overall survival of HNSCC 

patients by using the data from TCGA database. It could be 

observed that the overall survival rate in the HOXA11-AS 

high expression group was lower than that in the low expres-

sion group (P < 0.05; Fig. 1D). In addition, we used the MTT 

assay to examine the IC50 values of parental NPC cells and 

the corresponding cisplatin-resistant cells to which DDP was 

added at varying concentrations. As expected, the IC50 values 

of HNE1/DDP and C666-1/DDP cells were significantly higher 

than those of the HNE1 and C666-1 cells, respectively (Figs. 

1E and 1F), suggesting that in response to DDP treatment, 

HNE1/DDP and C666-1/DDP cells were less sensitive than the 

HNE1 and C666-1 cells. We also found that HOXA11-AS was 

upregulated while miR-454-3p was downregulated in the 

HNE1/DDP and C666-1/DDP cells, compared to the HNE1 

and C666-1 cells (all P < 0.05; Figs. 1G and 1H). All these 

findings indicated that HOXA11-AS was a poor prognostic 

factor for NPC patients and a potential biomarker for cisplatin 

resistance.

Targeting relationship among miR-454-3p, HOXA11-AS 
and c-Met
From the prediction websites of StarBase (http://starbase.

sysu.edu.cn) and TargetScan (http://www.targetscan.

org), we found the binding sites between miR-454-3p and 

HOXA11-AS (Fig. 2A) and between miR-454-3p and c-Met 

(Fig. 2B). We performed a luciferase reporter assay to veri-

fy that miR-454-3p could bind to HOXA11-AS and c-Met. 

Compared to the miR-NC group, cotransfection of HOXA11-

AS-WT/c-Met-WT in the miR-454-3p mimic group obviously 

curbed the activity of luciferase, whereas the luciferase ac-

tivity was enhanced by the miR-454-3p inhibitor (P < 0.05). 

However, HOXA11-AS-MUT/c-Met-MUT cotransfection with 

miR-454-3p mimic/miR-454-3p inhibitor/miR-NC led to no 

significant difference in the luciferase activity (all P > 0.05; 

Figs. 2C and 2D). We performed an RNA immunoprecipita-

tion assay and confirmed that HOXA11-AS and miR-454-3p 

were enriched in Ago2 immunoprecipitates compared with 

control IgG immunoprecipitates from HNE1 and C666-1 cells 

(Fig. 2E). Moreover, RNA pull-down assays showed a higher 

expression of biotin-labeled miR-454-3p/c-Met in HOXA11-

AS/miR-454-3p pull-down pellets than those of the beads 

alone and the negative control (Fig. 2F). Thus, the targeting 

relationships between HOXA11-AS and miR-454-3p and be-

tween miR-454-3p and c-Met were verified, which demon-

strated that miR-454-3p could specifically bind to HOXA11-

AS and c-Met.

Effect of HOXA11-AS on the cisplatin resistance of NPC 
cells
Compared to those in the control group, NPC cells (C666-

1, HNE1) and their cisplatin-resistant clones (C666-1/DDP, 

HNE1/DDP) in the si-HOXA11-AS group showed clear down-

regulation of HOXA11-AS but upregulation of miR-454-3p 

(all P < 0.05; Fig. 3A), which was the opposite to the results 

of the miR-454-3p inhibitor group. After transfection, the 

IC50 values of the parental cells (C666-1 and HNE1) and the 

cisplatin-resistant cells (C666-1/DDP and HNE1/DDP) were 

tested with the MTT assay (Fig. 3B). The viability and IC50 val-
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ue were lower in the si-HOXA11-AS, miR-454-3p mimic and 

si-c-Met groups in comparison with the control group, while 

those in the miR-454-3p inhibitor group showed the opposite 

changes (all P < 0.05). The cells in the si-HOXA11-AS + miR-

454-3p inhibitor group demonstrated higher cell viabilities 

and IC50 values than those of the si-HOXA11-AS group (all P 

Fig. 2. HOXA11-AS upregulates c-Met by absorbing miR-454-3p. (A) The prediction website StarBase revealed the binding site between 

HOXA11-AS and miR-454-3p. (B) The prediction of TargetScan showed the binding site between miR-454-3p and c-Met. (C and D) Dual 

luciferase reporter gene assay verified the relationship between HOXA11-AS and miR-454-3p (C) and between miR-454-3p and c-Met 

(D); *P < 0.05 vs miR-NC group. (E) RIP experiment with an anti-Ago2 antibody, with IgG as a negative control or input from HNE1 and 

C666-1 cells using qRT-PCR as a positive control; *P < 0.05 vs anti-IgG group. (F) RNA pull-down assay were used to verify the target site 

between HOXA11-AS and miR-454-3p and between miR-454-3p and c-Met; *P < 0.05 vs beads group.
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< 0.05). However, cells in the miR-454-3p inhibitor + si-c-Met 

group manifested lower viabilities and IC50 values than those 

in the miR-454-3p inhibitor group (all P < 0.05). Therefore, 

we concluded that HOXA11-AS knockdown could improve 

the sensitivity of NPC cells to DDP by mediating miR-454-3p/

c-Met.

Fig. 3. Effect of HOXA11-AS on the cisplatin resistance of NPC cells. (A) Expression of HOXA11-AS and miR-454-3p in NPC parental 

cells (C666-1 and HNE1) and cisplatin-resistant cells (C666-1/DDP and HNE1/DDP) was assessed by qRT-PCR; different letters indicate the 

statistical significance among the groups, P < 0.05, and the same letters indicate no statistical significance among the groups, P > 0.05. 

(B) Cell viabilities and IC50 values of NPC parental cells (C666-1 and HNE1) and cisplatin-resistant cells (C666-1/DDP and HNE1/DDP) after 

treatment with DDP at varying concentrations, as assessed by MTT assay.
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Effect of HOXA11-AS on the clones of cisplatin-resistant 
NPC cells
We further investigated the effect of HOXA11-AS on cispla-

tin-resistant cells (C666-1/DDP and HNE1/DDP) that were 

treated with or without DDP. The colony formation assays re-

vealed that the clones of C666-1/DDP and HNE1/DDP cells in 

the si-HOXA11-AS, miR-454-3p mimic and si-c-Met groups 

were much fewer than those in the control group, while 

those in the miR-454-3p inhibitor group showed a sharp in-

crease (all P < 0.05; Fig. 4). However, compared to the cells 

Fig. 4. Effect of HOXA11-AS on the clones of HNE1/DDP and C666-1/DDP cells treated with or without DDP. (A and B) Clones of 

HNE1/DDP (A) and C666-1/DDP (B) cells in different groups with or without treatment with DDP. (C and D) Comparison of the clones of 

HNE1/DDP (C) and C666-1/DDP (D) cells among the groups. Different letters indicate the statistical significance among the groups, P < 

0.05, and the same letters indicate no statistical significance among the groups, P > 0.05.
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in the miR-454-3p inhibitor group, the cells in the miR-454-

3p inhibitor + si-c-Met group showed fewer clones (all P < 

0.05). Moreover, there were fewer clones in the DDP-treated 

cells than in those cells without DDP treatment, and the 

most clear decrease in the clones was identified in the cells 

cotreated with si-HOXA11-AS and DDP, indicating that the 

Fig. 5. Effect of HOXA11-AS on the apoptosis of HNE1/DDP and C666-1/DDP cells treated with or without DDP. (A and B) Flow 

cytometry results showed the apoptosis of HNE1/DPP (A) and C666-1/DDP (B) cells with and without treatment with DDP. (C and D) 

Comparison of the apoptotic rate of HNE1/DDP (C) and C666-1/DDP (D) cells among the groups. Different letters indicate the statistical 

significance among the groups, P < 0.05, and the same letters indicate no statistical significance among the groups, P > 0.05.
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inhibitory effect of si-HOXA11-AS was more obvious in the 

cells cotreated with DDP.

Effect of HOXA11-AS on the apoptosis of cisplatin-resis-
tant NPC cells
Flow cytometry was performed to measure cell apoptosis in 

cisplatin-resistant cells (C666-1/DDP and HNE1/DDP), which 

were treated with or without DDP. As shown in Fig. 5, DDP 

treatment induced an obvious increase in the apoptotic rate 

in comparison with the DDP-free HNE1/DDP cells, and the 

most evident increase was found in HNE1/DDP and C666-1/

DDP cells cotreated with si-HOXA11-AS, miR-454-3p mimic 

or si-c-Met and DDP. Compared to the control group, the 

HNE1/DDP cells in the si-HOXA11-AS, miR-454-3p mimic or 

si-c-Met groups showed a sharp increase in apoptotic rate, 

while those in the miR-454-3p inhibitor group showed a 

decline (all P < 0.05). Compared to that in the si-HOXA11-

AS group, the apoptotic rate of the cells in the si-HOXA11-

AS + miR-454-3p inhibitor group was obviously reduced (all 

P < 0.05), while in comparison with the miR-454-3p inhib-

itor group, the cells in the miR-454-3p inhibitor + si-c-Met 

showed a sharp increase in the apoptotic rate (all P < 0.05). 

All these results suggested that downregulation HOXA11-AS 

could promote DDP-induced apoptosis in cisplatin-resistant 

NPC cells.

Effect of HOXA11-AS on the c-Met/AKT/mTOR pathway 
in cisplatin-resistant NPC cells
To further determine whether HOXA11-AS regulated cispla-

tin resistance by affecting the c-Met/AKT/mTOR pathway, we 

examined the levels of the c-Met/AKT/mTOR pathway-relat-

ed proteins with a Western blotting assay. Compared with 

that in the control group, c-Met, p-Akt/Akt and p-mTOR/

mTOR expression in HNE1/DDP and C666-1/DDP cells from 

the si-HOXA11-AS, miR-454-3p mimic or si-c-Met groups 

was downregulated, while the miR-454-3p inhibitor group 

manifested the opposite changes (all P < 0.05; Fig. 6). Fur-

thermore, compared to those in the si-HOXA11-AS group, 

c-Met, p-Akt/Akt and p-mTOR/mTOR in the si-HOXA-11AS + 

miR-454-3p inhibitor group were upregulated (all P < 0.05). 

Moreover, in comparison with the miR-454-3p inhibitor 

group, those proteins in the miR-454-3p inhibitor + si-c-Met 

group were obviously downregulated (all P < 0.05). Further-

more, c-Met, p-Akt/Akt and p-mTOR/mTOR in the DDP-treat-

ed HNE1/DDP and C666-1/DDP cells were lower than those 

in the DDP-free cells, while the downregulation of these pro-

teins in the cells cotreated with si-HOXA11-AS and DDP was 

particularly evident. Taken together, these data suggested 

that the HOXA11-AS could mediate the c-Met/AKT/mTOR 

pathway in the cisplatin resistance of NPC cells by sponging 

miR-454-3p.

Effect of cotreatment of HOXA11-AS and DDP on the 
growth of subcutaneous xenografts in nude mice
To further verify these in vitro findings, we used an in vivo xe-

nograft model. As shown in Fig. 7, the subcutaneous xeno-

graft tumors in nude mice of the DDP group, si-HOXA11-AS 

group and DDP + si-HOXA11-AS group showed a significant 

decrease in growth and miR-454-3p expression compared 

to the control group, with sharp decreases in the volume 

and weight of the tumors, as well as the expression levels of 

HOXA11-AS and c-Met (all P < 0.05). In addition, the volume 

and weight of xenograft tumors in the DDP + si-HOXA11-AS 

group were much lower than those in the DDP group or si-

HOXA11-AS group (all P < 0.05). The in vitro and in vivo re-

sults suggested that HOXA11-AS might promote the cisplatin 

resistance of NPC by modulating miR-454-3p/c-Met (Fig. 8).

DISCUSSION

First, it was demonstrated that HOXA11-AS was upreg-

ulated while miR-454-3p was downregulated in the NPC 

tissues and DDP-resistant HNE1/DDP cells. A meta-analysis 

performed by Lv et al. (2017) revealed the significant cor-

relation of HOXA11-AS upregulation with the metastases 

and poor prognoses of various tumors. Recent studies have 

demonstrated that HOXA11-AS is upregulated in several 

cancers and contributed to the development of multiple 

types of cancers (PMID: 28791375). For instance, HOXA11-

AS was shown to be elevated in lung adenocarcinoma tissues 

and lung cancer A540/DDP cells in the study of Zhang et al. 

(2019). However, the regulators involved in the disordered 

HOXA11-AS expression in cancer cells are not well known. 

Sun et al. (2016) demonstrated that HOXA11-AS overexpres-

sion in gastric cancer cells could be activated by E2F1, which 

can also promote lncRNA ERIC and ANRIL expression, and in 

addition, E2F1 was confirmed to be upregulated in various 

types of cancers according to previous studies (Han et al., 

2003; Hung et al., 2012), including NPC (Tan et al., 2017). 

Here, we speculated that the overexpression of HOXA11-AS 

might be induced by E2F1 in various cancer cells.

 However, there remains no adequate evidence suggest-

ing the exact role of miR-454, a newly discovered miRNA 

in recent years. After assessing the expression of miRNAs in 

esophageal cancer, lower levels of miR-454 were observed 

compared to the surrounding normal tissues (Zhuang et al., 

2013). Results from Niu et al. (2015) supported the down-

regulation of miR-454 in osteosarcoma, whereas overex-

pression weakened the proliferation and invasion of osteo-

sarcoma cells via c-Met, and thus miR-454 may be a tumor 

suppressor. Furthermore, our results derived from the dual 

luciferase reporter assay showed that miR-454-3p was a tar-

get gene of HOXA11-AS and that c-Met was a target gene 

of miR-454-3p. Hence, we speculated that HOXA11-AS may 

play a role in the pathogenesis of DDP resistance of NPC by 

mediating the miR-454-3p/c-Met axis.

 In this study, which used DDP-resistant HNE1/DDP cells, we 

found that silencing HOXA11-AS can inhibit the proliferation 

but facilitate the apoptosis of HNE1/DDP and C666-1/DDP 

cells in the absence of DDP, and by contrast, inhibiting miR-

454-3p can reverse these changes. Accordingly, HOXA11-AS 

inhibition has been shown to suppress the growth and facil-

itate the apoptosis of glioma cells via upregulating miR-140-

5p (Wu et al., 2014). Notably, HOXA11-AS, via competitively 

binding to miR-124, has been shown to promote the prolif-

eration and invasion while suppressing the apoptosis of uveal 

melanoma cells, as reported by Lu et al. (2017). On the other 

hand, through upregulating miR-454-3p by knockdown of 
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Fig. 6. Effect of HOXA11-AS on the c-Met/AKT/mTOR pathway in HNE1/DDP and C666-1/DDP cells. (A-D) Western blotting was used 

to assess the relative expression of proteins in the c-Met/AKT/mTOR pathway of HNE1/DDP (A and B) and C666-1/DDP (C and D) cells in 

the different groups without DDP treatment. (E-H) Western blotting was used to assess the relative expression of proteins in the c-Met/

AKT/mTOR pathway of HNE1/DDP (E and F) and C666-1/DDP (G and H) cells in the different groups with DDP treatment. Different 

letters indicate the statistical significance among the groups, P < 0.05, and the same letters indicate no statistical significance among the 

groups, P > 0.05.
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Fig. 8. The mechanism underlying the HOXA11-AS/miR-454-3p/c-Met axis in NPC.

Fig. 7. The growth of subcutaneous xenografts in nude mice. (A) Growth curve of tumor growth in nude mice. (B) Comparison of the 

tumor weight in nude mice. (C and D) Expression of HOXA11-AS (C) and miR-454-3p (D) in nude mice as assessed by qRT-PCR. (E and F) 

Expression of c-Met in nude mice as assessed by Western blotting. *P < 0.05 vs the control group; #P < 0.05 vs the DDP group; &P < 0.05 

vs the si-HOXA11-AS group; %P < 0.05 vs the DDP + si-NC group.
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HOTAIR, the growth of chondrosarcoma cells was suppressed 

with the reduced expression of STAT3 (Bao et al., 2017). Our 

subsequent experiments also demonstrated that silencing 

HOXA11-AS can increase the expression of miR-454-3p but 

that the miR-454-3p inhibitor can reverse this promoting ef-

fect of si-HOXA11-AS on cell growth. Thus, HOXA11-AS may 

serve as a ceRNA to regulate the expression of miR-454-3p, 

modulating the growth of NPC cells.

 In addition, our findings showed that si-HOXA11-AS can 

reduce the viability of NPC cells and decrease the IC50 val-

ue after treatment with DDP at varying concentrations. In 

contrast, the miR-454-3p inhibitor can increase the viability 

and the IC50 value of cells. Similar to what was observed in 

DDP-resistant lung adenocarcinoma cells, Zhao et al. (2018) 

observed an enhanced HOXA11-AS, while the exogenous in-

hibition of HOXA11-AS could suppress cell proliferation and 

migration and increase its apoptosis by regulating the miR-

454-3p/STAT3 axis. In addition, miR-454-3p can enhance 

the sensitivity of renal cancer cells to the radiotherapy by 

specifically inhibiting BTG1 (Wu et al., 2014). More impor-

tantly, we also found that in our DDP-treated HNE1/DDP and 

C666-1/DDP cells, silencing HOXA11-AS can significantly 

decrease the proliferation and increase the apoptosis of cells. 

Therefore, silencing HOXA11-AS can enhance the sensitivity 

of NPC cells to DDP by upregulating miR-454-3p and then 

reverse the resistance to DDP.

 Last but not least, the activity of c-Met/AKT/mTOR, a 

downstream pathway of miR-454-3p, was assessed. The re-

sults showed that the transfection of si-HOXA11-AS in HNE1/

DDP cells downregulates the expression of c-Met, p-Akt/

Akt and p-mTOR/mTOR, while the transfection of miR-454-

3p inhibitor results in the opposite changes and that si-c-Met 

transfection can also abolish the effect of the miR-454-3p 

inhibitor. Existing data have shown that the PI3K-AKT-mTOR 

pathway can promote the cell cycle and suppress cell apopto-

sis, demonstrating the intimate associations with metastasis 

and resistance to various anti-tumor drugs (Vadlakonda et al., 

2013; Wang et al., 2014). c-Met can activate PI3K directly or 

indirectly, which may further induce the activation of down-

stream Akt, after which Akt can activate mTOR and MDM2 

while suppressing BAD and GSK3β, thereby promoting cell 

growth and inducing apoptosis resistance (Dai et al., 2018; 

Hung et al., 2011). The study by Tang et al. (2017) revealed 

that the restricted c-Met/AKT/mTOR pathway may further in-

hibit multidrug resistance protein 1 (MDR1), thus enhancing 

the sensitivity of A549/DDP cells to DDP. Que et al. (2012) 

knocked out c-Met and found a decreased activity of the Akt/

mTOR pathway with the increased apoptosis, thus reversing 

the resistance of myeloma cells to bortezomib. Considering 

the above results, si-HOXA11-AS may upregulate the expres-

sion of miR-454-3p, thus inhibiting the activity of c-Met/Akt/

mTOR and regulating drug resistance or the expression of 

apoptosis-related proteins, finally affecting the sensitivity of 

NPC cells to DDP.

 In conclusion, we found that HOXA11-AS was upregu-

lated in NPC tissues and drug-resistant cells, while silencing 

HOXA11-AS might inhibit the activity of the c-Met/Akt/

mTOR pathway by upregulating miR-454-3p, thus promoting 

cell apoptosis and increasing the sensitivity of DDP-resistant 

NPC cells to DDP. Hence, the results of this study may provide 

novel theoretical evidence for the treatment of DDP-resistant 

NPC patients.
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