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Abstract. – OBJECTIVE: Tongue cancer is a 
common malignant tumor in the oral and maxil-
lofacial region, most of which is squamous cell 
carcinoma. Cisplatin (DDP) is one of the che-
motherapy drugs for patients with tongue squa-
mous cell carcinoma (TSCC). However, DDP re-
sistance has become a major obstacle to its clin-
ical application. Our study aimed to investigate 
the effects of long non-coding RNA (lncRNA) 
KCNQ1 overlapping transcript 1 (KCNQ1OT1) on 
DDP resistance of tongue cancer and the under-
lying mechanism.

PATIENTS AND METHODS: The levels of 
KCNQ1OT1, miR-124-3p, and tripartite motif con-
taining 14 (TRIM14) were detected by quan-
titative Real Time-Polymerase Chain Reaction 
(qRT-PCR). The maximum size of tumor (MTS) 
assay was used to detect the cell survival rates. 
Furthermore, the cell proliferation was detect-
ed by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2-H-tetrazolium bromide (MTT) assay. Tran-
swell assay was performed to detect the cell mi-
gration and invasion. Western blot assay was 
used to detect the protein levels of Vimen-
tin, N-cadherin, E-cadherin, and TRIM14. The 
functional targets of KCNQ1OT1 and miR-124-
3p, miR-124-3p and TRIM14 were predicted by 
starBase 3.0 and TargetScan. The relationship 
between KCNQ1OT1 and miR-124-3p was con-
firmed by Dual-Luciferase reporter assay, RNA 
immunoprecipitation (RIP) and RNA pull-down. 
Further, the relationship between miR-124-3p 
and TRIM14 was verified by Dual-Luciferase re-
porter assay. Animal experiment revealed the ef-
fect of KCNQ1OT1 on DDP resistance of tongue 
cancer cells in vivo.

RESULTS: KCNQ1OT1 was upregulated in 
DDP-resistant tongue cancer tissues and cells, 
and mainly expressed in cytoplasm. Function-

ally, the knockdown of KCNQ1OT1 inhibited 
the survival rate, proliferation, migration, in-
vasion, and EMT of the DDP-resistant tongue 
cancer cells. Of note, miR-124-3p acted as a 
target of KCNQ1OT1 and KCNQ1OT1 could re-
duce the expression of miR-124-3p. Moreover, 
miR-124-3p targeted TRIM14 and the downreg-
ulation of TRIM14 reduced the DDP resistance 
of tongue cancer cells. Importantly, KCNQ1OT1 
regulated the TRIM14 expression by targeting 
miR-124-3p. Furthermore, KCNQ1OT1 knock-
down reduced the DDP-resistant tumor growth 
and weight through the miR-124-3p/TRIM14 ax-
is in vivo.

CONCLUSIONS: LncRNA KCNQ1OT1 pro-
motes the DDP resistance of tongue cancer by 
sponging miR-124-3p to regulate TRIM14 ex-
pression.
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Introduction

Tongue cancer is one of the most common 
oral diseases, with a growing incidence in young 
people and a significant geographic specificity1. 
The survival of tongue cancer has not signifi-
cantly improved in recent years2. Cisplatin has 
demonstrated efficacy in a variety of solid tu-
mors, including tongue cancer, during chemo-
therapy3. In the early stage of oral cancer, about 
80.6% of patients responded to platinum drugs, 
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but the drug resistance rate of DDP after subse-
quent treatment may still be higher than 70%4,5. 
Therefore, finding a molecular mechanism that 
attenuates DDP resistance is necessary for the 
treatment of tongue cancer.

Long non-coding RNAs (RNAs) are non-pro-
tein coding transcripts longer than 200 nucle-
otides, and their expression plays a role in the 
pathological processes of tumor growth, dif-
ferentiation, and metastasis6. For example, the 
lncRNA metastasis-associated lung adenocar-
cinoma transcript 1 (MALAT1) increased the 
proliferation and metastasis of tongue cancer 
through miR-124/jagged1 (JAG1) axis was re-
ported7. Wang et al8 also indicated that lncRNA 
urothelial cancer-associated 1 (UCA1) knock-
down might significantly promote DDP induced 
tongue squamous cell carcinoma (TSCC), cell 
apoptosis, and chemical sensitivity by sup-
pressing the DDP activated phosphatidylinosi-
tol 3’-kinase (PI3K)/Akt signaling pathway. 
Moreover, Zhang et al9 showed that lncRNA 
KCNQ1 overlapping transcript 1 (KCNQ1OT1) 
regulates tumor growth and DDP resistance 
in tongue cancer by sponging miR-211-5p to 
mediate Ezrin/focal adhesion kinase (FAK)/
steroid receptor coactivator (Src) signaling 
pathway. But the precise regulation mechanism 
of KCNQ1OT1 on the DDP resistance in tongue 
cancer remains poorly investigated.

In some reports, bioinformatics data and com-
prehensive analysis have confirmed that lncRNA, 
miRNA, and mRNA interactions are involved 
in the formation of competing endogenous RNA 
(ceRNA), such as in papillary thyroid cancer10, 
metastatic melanoma11, hepatocellular carcino-
ma12, and oral tongue squamous cell carcinoma 
(OSCC)13. For instance, lncRNA-MALAT1 regu-
lated the cell proliferation and metastasis of hepa-
tocellular carcinoma by affecting the expression 
of Slug (SNAI2) and by sponging miR-124-3p14. 
Moreover, a previous study indicated that the 
downregulation of the expression of miR-200b 
and miR-15b promoted the DDP-induced epitheli-
al-mesenchymal transition (EMT) in tongue can-
cer cells15. Zhang et al16 suggested that lncRNA 
UCA1 affected the transforming growth factor-β1 
(TGFβ1)-induced EMT and invasion by regulat-
ing the miR-124 through jagged 1 (JAG1)/Notch 
signaling in tongue cancer cells. These findings 
indicated that miR-124-3p might have a potential 
function in the DDP resistance of tongue cancer.

Tripartite motif containing 14 (TRIM14), 
which contains a B-box, a coiled-coil region, 

and a C-terminal PRYSPRY region, involve in 
cell apoptosis, cell cycle regulation, and viral 
response17. Hu et al18 indicated that TRIM14 pro-
moted the proliferation and inhibited the apop-
tosis of human breast cancer cells and might 
be used as an indicator of cancer prognosis in 
breast cancer patients. Wang et al19 showed that 
TRIM14 induced the formation of cancer-ini-
tiating cells and EMT in TSCC regulated by 
miR-15b, and TRIM14 overexpression facili-
tated the DDP resistance in TSCC. However, 
whether TRIM14 involved in the regulations of 
cell development and drug resistance was not 
fully reported.

In this study, the functional effects of KCN-
Q1OT1 on proliferation and metastasis of DDP-re-
sistant tongue cancer cells were detected by gain-
of-function and loss-of-function experiments. 
The targeting relationship between KCNQ1OT1 
and miR-124-3p or miR-124-3p and TRIM14 was 
firstly verified in our research.

Patients and Methods

Patients and Specimens
Tongue cancer samples were classified as cis-

platin sensitive or insensitive according to the 
patient’s prognosis20. The classification of tumor 
samples was determined by two pathologists ac-
cording to WHO standards (2004)21. The tissues 
of chemo-sensitive patients and chemo-insensi-
tive patients were taken from the School and Hos-
pital of Stomatology, Jilin University. The written 
consent has been informed by every tongue can-
cer patient. The research obtained approval from 
the Ethics Committee of the School and Hospital 
of Stomatology, Jilin University.

Cell Culture
Tongue cancer cell lines CAL27 and SCC9 

were purchased from the Beijing Concorde Cell 
Library (Beijing, China). Dulbecco’s Modified 
Eagle’s Medium (DMEM; HyClone, South-Lo-
gan, UT, USA) and 10% fetal bovine serum (FBS; 
HyClone, South-Logan, UT, USA) were used for 
providing nutrients for cell growth, and CAL27 
and SCC9 cells were cultured in an incubator at 
37°C with 5% CO2. To establish cisplatin-resis-
tant tongue cancer cells, we routinely added cis-
platin concentrations to the medium every other 
day to treat the cells and remove them before the 
experiment.
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Cell Transfection
Small interfering RNA (siRNA) targeting 

KCNQ1OT1#1 (si-KCNQ1OT1#1), si-KCN-
Q1OT1#2, si-KCNQ1OT1#3, siRNA targeting 
TRIM14 (si-TRIM14) and siRNA negative con-
trol (si-NC), miR-124-3p inhibitor and the nega-
tive control (inhibitor-NC), the miR-124-3p mim-
ics (miR-124-3p) and the negative control mimics 
(miR-NC), short hairpin RNA (shRNA) targeting 
KCNQ1OT1 (sh-KCNQ1OT1) and shRNA nega-
tive control (sh-NC) were constructed by Biomics 
Biotechnology (Jiangsu, China). Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) was per-
formed for the transfection of these oligonucle-
otides. 

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

The extraction of the total RNA from tongue 
cancer patients and cell lines was performed by 
the TRIzol reagent (TaKaRa, Dalian, China). 
Then, Nanodrop 2000 (Thermo Fisher Scientif-
ic, Waltham, MA, USA) and gel electrophoresis 
(Sigma-Aldrich, St. Louis, MO, USA) were used 
to test the quality and quantity of the total RNAs. 
RT-PCR kit (Invitrogen, Carlsbad, CA, USA) was 
used for reverse transcription experiments. The 
qRT-PCR was carried out with the ABI SYBR 
Green Master Mix (Invitrogen, Carlsbad, CA, 
USA). The primers used were as follows: Forward 
5’-AGGGTGACAGTGTTTCATAGGCT-3’ and 
reverse 5’-GAGGCACATTCATTCGTTGGT-3’ 
for KCNQ1OT1. Forward 5’-AGCACAGAG-
CCTCGCCTTTG-3’ and reverse 5’-CTTCT-
GACCCATGCCCACCA-3’ for β-actin. Forward 
5’-CGATACAGAGAAGATTAGCATGGC-3’ 
and reverse 5’-AACGCTTCACGAATTTGC-
GT-3’ for U622. Forward 5’-TGTGATGAAAGAC-
GGCACAC-3’ and reverse 5’-CTTCCTTTGG-
GTATTGTTTGG-3’ for miR-124-3p23. Forward 
5’-GGATTTGTGTCTCCGTTCTG-3’ and re-
verse 5’-TCTGTCTGCCTGGTATTCTG-3’ for 
tripartite motif containing 14 (TRIM14)24. 

Cell Proliferation Assay
Cell proliferation was detected by the maxi-

mum size of tumor (MTS) assay and 3-(4,5-di-
methyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazoli-
um bromide (MTT) assay. For the MTS assay, 
the MTS assay kit (Abcam, Cambridge, MA, 
USA) was performed. In briefly, the cells were 

inoculated into a 96-well plate and were culti-
vated for 6 d at 37°C; then, each well was added 
to 20 µl MTS solution and incubated for 1 h at 
37°C. Finally, the microplate reader (Bio-Rad, 
Hercules, CA, USA) was employed to detect the 
optical density at 490 nm. For the MTT assay, the 
cells were seeded in 96-well plates and were incu-
bated for 24 h; after that, 20 μL (5 mg/mL) MTT 
(Invitrogen, Carlsbad, CA, USA) was added, and 
200 μL dimethyl sulfoxide (DMSO; Invitrogen, 
Carlsbad, CA, USA) was used for dissolving the 
intracellular formazan crystals. Finally, the mi-
croplate reader was used to detect the absorbance 
value at 490 nm.

Transwell Assay
After 48 h of transfection, the CAL27/DDP 

and SCC9/DDP cells were collected and sus-
pended in the serum-free medium. To detect cell 
invasion, Matrigel (Corning, Corning, NY, USA) 
was used to cover the upper transwell chamber 
(Corning, Corning, NY, USA), while for the 
cell migration detection, these chambers do not 
require any treatment. Then, CAL27/DDP and 
SCC9/DDP cells were cultured into the upper 
chamber and incubated for 12 h. Subsequently, 
the cells were incubated with 0.1% crystal violet 
(Corning, Corning, NY, USA) for 20 min, and 
then, the cells on the upper layer of the chamber 
were removed. Finally, the inverted optical mi-
croscope was used to detect the number of cells 
with three random fields.

Western Blot Analysis
The RIPA lysis buffer (Sangon Biotech, 

Shanghai, China) was taken to dissolve protein 
samples. Total protein extraction was performed 
based on the instructions. After protein quality 
and quantity measurement, the proteins were 
loaded into freshly prepared sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). Then, the proteins were blotted onto the 
membranes (Thermo Fisher Scientific, Waltham, 
MA, USA) and incubated with 5% skimmed 
milk, and the membrane was incubated with 
primary anti-β-actin antibody (1:1000, ab8227, 
Abcam, Cambridge, MA, USA), anti-Vimentin 
antibody (1:1000, ab92547, Abcam, Cambridge, 
MA, USA), anti-N-cadherin antibody (1:1000, 
ab18203, Abcam, Cambridge, MA, USA), an-
ti-E-cadherin antibody (1:1000, ab202413, Ab-
cam, Cambridge, MA, USA), anti-TRIM14 an-



KCNQ1OT1 enhances cisplatin resistance of tongue cancer through miR-124-3p/TRIM14 axis

203

tibody (1:1000, ab185349, Abcam, Cambridge, 
MA, USA). Finally, the goat anti-rabbit secondary 
antibody (1:5000, ab150077, Abcam, Cambridge, 
MA, USA) was added and the chemiluminescent 
image was viewed on Kodak film developer (Fu-
jifilm, Tokyo, Japan).

Dual-Luciferase Reporter Assays
The wild type KCNQ1OT1 sequences 

(WT-KCNQ1OT1), mutant type KCNQ1OT1 se-
quences (MUT-KCNQ1OT1), wild type 3’Un-
translated Region (UTR) TRIM14 sequence 
(WT-TRIM14) or mutant type 3’UTR TRIM14 
sequence (MUT-TRIM14) were constructed and 
inserted into pGL-3 plasmid (GenomediTech, 
Shanghai, China), Then, all the vectors were 
transfected into CAL27/DDP and SCC9/DDP 
cells with miR-124-3p or miR-NC by Lipofect-
amine 2000 (Thermo Fisher Scientific, Waltham, 
MA, USA). Finally, the Dual-Luciferase reporter 
assay system (GenomediTech, Shanghai, China) 
was used to detect Luciferase activity.

RNA Immunoprecipitation (RIP) and 
RNA Pull-Down

The Magna RIP RNA-binding Protein Immu-
noprecipitation Kit (Gzscbio, Guangzhou, China) 
was used to confirm the relationship between 
KCNQ1OT1 and miR-124-3p. In brief, the mag-
netic beads and anti-Argonaute-2 (Ago2) anti-
body (ab32381, Abcam, Cambridge, MA, USA) 
were added into the cells. After 24 h incubation, 
the proteinase K and the phenol-chloroform-iso-
amyl alcohol reagent were used for purifying 
RNAs. Finally, the KCNQ1OT1 enrichment was 
detected by qRT-PCR.

For the RNA pull-down assay, firstly, the biotin 
label joins miR-124-3p to establish the Bio-miR-
124-3p and Bio-miR-NC as the negative con-
trol. Then, the Radio-Immunoprecipitation Assay 
(RIPA) lysis buffer (Sangon, Shanghai, China) 
and RNase inhibitor (Invitrogen, Carlsbad, CA, 
USA) were used for cell lysing, the Bio-miR-124-
3p or Bio-miR-NC was added to the supernatant, 
and then, streptavidin beads were incubated (In-
vitrogen, Carlsbad, CA, USA) and proteinase K 
was used to isolating RNA. Finally, qRT-PCR 
was used to detect the KCNQ1OT1 enrichment.

Animal Experiments
The 4-week-old BALB/c male nude mice 

(Guangdong Medical Lab Animal Center, Guang-
zhou, China) were raised in a sterile environment 
for operations. Then, the cells (2×106) transfected 

with sh-KCNQ1OT1 were suspended by phos-
phate-buffer saline (PBS), and the cells inoculat-
ed subcutaneously into the nude mice. Finally, the 
xenografted tongue tumor volume was detected 
every 7 d and the tumor weight was detected in 
35 d. The animal experiment was approved by 
the Animal Experimentation Ethics Committee 
of School and Hospital of Stomatology, Jilin 
University.

Statistical Analysis
The software GraphPad Prism 7 (La Jolla, CA, 

USA) was used to statistical analysis and the data 
was shown as mean ± standard deviation (SD). 
The Student’s t-test was employed for data com-
parison between two groups and One-way analy-
sis of variance (ANOVA) for comparisons among 
at least three groups. *p<0.05 was considered as 
statistically significant.

Results

KCNQ1OT1 was Upregulated in 
DDP-Resistant Tongue Cancer Tissues 
and Cells, and Mainly Expressed in 
Cytoplasm

To begin with, qRT-PCR was performed to 
detect the level of KCNQ1OT1 in DDP che-
mo-insensitive tongue cancer tissues and cells. 
The results showed that KCNQ1OT1 was signifi-
cantly upregulated in chemo-insensitive tissues, 
DDP-resistant CAL27 (CAL27/DDP) cells, and 
DDP-resistant SCC9 (SCC9/DDP) cells compared 
with that in chemo-sensitive tissues, CAL27 cells 
and SCC9 cells (Figure 1A and B). Furthermore, 
the KCNQ1OT1 was mainly expressed in cy-
toplasm of CAL27/DDP and SCC9/DDP cells, 
which was detected by qRT-PCR (Figure 1C 
and D). These results suggested that KCNQ1OT1 
might involve in the regulation of the resistance 
in DDP-resistant tongue cancer cells. 

KCNQ1OT1 Knockdown Reduced the 
DDP Resistance of Tongue Cancer Cells

To further explore the functional effect of 
KCNQ1OT1 in DDP-resistant tongue cancer 
cells, the si-KCNQ1OT1#1, si-KCNQ1OT1#2, 
and si-KCNQ1OT1#3 were obtained, and qRT-
PCR was used to detect the transfection ef-
ficiency of si-KCNQ1OT1#1, si-KCNQ1OT1#2, 
and si-KCNQ1OT1#3 in CAL27/DDP and SCC9/
DDP cells (Figure 2A and B). Further, we se-
lected the si-KCNQ1OT1#3 for the next exper-
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iment. The MTS survival assay revealed that 
KCNQ1OT1 knockdown was significantly related 
with a lower rate of overall survival of CAL27/
DDP and SCC9/DDP cells (Figure 2C and D). 
In addition, the MTT assay was performed. The 
results showed that the proliferation was down-
regulated in CAL27/DDP and SCC9/DDP cells 
transfected with si-KCNQ1OT1#3 (Figure 2E 
and F). Moreover, transwell assay demonstrated 
that KCNQ1OT1 silencing markedly decreased 
the migration rate and invasion rate of CAL27/
DDP and SCC9/DDP cells (Figure 2G-J). West-
ern blot was used to detected the protein levels of 
EMT-related proteins in CAL27/DDP and SCC9/
DDP cells transfected with si-KCNQ1OT1#3, 
and the results found that the epithelial marker 
E-cadherin was upregulated while the mesen-
chymal markers N-cadherin and Vimentin were 
significantly downregulated (Figure 2K and L). 
These data revealed that KCNQ1OT1 knockdown 

reduced the CAL27/DDP and SCC9/DDP cells 
survival, proliferation, migration, invasion, and 
EMT process.

KCNQ1OT1 Targeted MiR-124-3p and 
Inhibited the MiR-124-3p Expression

Of note, the online software starBase 3.0 
detected the potential binding sites between 
KCNQ1OT1 and miR-124-3p (Figure 3A). Next, 
to confirm their relationship the Dual-Luciferase 
reporter assay, RIP assay, and RNA pull-down 
assay were performed. The results showed that 
the Luciferase activity of WT-KCNQ1OT1 was 
reduced by the miR-124-3p, but the MUT-KCN-
Q1OT1 was not changed in CAL27/DDP and 
SCC9/DDP cells (Figure 3B and C). Similar-
ly, the RIP and RNA pull-down assay further 
demonstrated the directly relationship between 
KCNQ1OT1 and miR-124-3p because a large 
amount of KCNQ1OT1 was measured in these 

Figure 1. KCNQ1OT1 was upregulated in DDP-resistant tongue cancer tissues and cells, and mainly expressed in cytoplasm. 
A, The expression of KCNQ1OT1 in chemo-sensitive tissues (n = 30) and chemo-insensitive tissues (n = 30) was detected by 
qRT-PCR. B, qRT-PCR was used to measure the level of KCNQ1OT1 in CAL27 cells, DDP-resistant CAL27 (CAL27/DDP) 
cells, SCC9 cells and DDP-resistant SCC9 (SCC9/DDP) cells. C, and D, The proportion of KCNQ1OT1 in CAL27/DDP and 
SCC9/DDP cells was detected by qRT-PCR. *p<0.05.
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Figure 2. KCNQ1OT1 knockdown reduced the DDP resistance of DDP-resistant tongue cancer cells. A, and B, qRT-PCR 
was used to detect the transfection efficiency of si-KCNQ1OT1#1, si-KCNQ1OT1#2 and si-KCNQ1OT1#3 in CAL27/DDP 
and SCC9/DDP cells. C, and D, MTS assay was used to measure the survival rates of CAL27/DDP and SCC9/DDP cells 
transfected with si-NC or si-KCNQ1OT1#3. E, and F, The proliferation of CAL27/DDP and SCC9/DDP cells transfected 
with si-NC or si-KCNQ1OT1#3 was detected by MTT assay. G-J, Transwell assay was performed to measure the migration 
and invasion of CAL27/DDP and SCC9/DDP cells transfected with si-NC or si-KCNQ1OT1#3 (×200). K, and L, The EMT-
related proteins (E-cadherin, N-cadherin and Vimentin) in CAL27/DDP and SCC9/DDP cells transfected with si-NC or si-
KCNQ1OT1#3 were detected by Western blot. * p<0.05.
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two assays (Figure 3D-G). Thus, our research also 
focused on the function of miR-124-3p in CAL27/
DDP and SCC9/DDP cells. Notably, the expression 
of miR-124-3p in CAL27/DDP and SCC9/DDP 
cells transfected with si-KCNQ1OT1#3 was up-
regulated (Figure 3H). However, the expression 
of miR-124-3p was reduced in both chemo-in-
sensitive tissues and CAL27/DDP and SCC9/

DDP cells (Figure 3I and J). A striking neg-
atively correlation between the expression of 
KCNQ1OT1 and miR-124-3p was also observed 
(R = -0.827, p<0.0001) (Figure 3K).

TRIM14 Acted as a Target of MiR-124-3p
The online software TargetScan showed the 

TRIM14 3’Untranslated Region (UTR) contain-

Figure 3. KCNQ1OT1 targeted miR-124-3p and inhibited the miR-124-3p expression. A, The potential binding target between 
KCNQ1OT1 and miR-124-3p was predicted by starBase 3.0. B, and C, The Dual-Luciferase reporter assay was used to verify 
the relationship between KCNQ1OT1 and miR-124-3p. D-G, RIP assay and RNA pull-down assay were performed to confirm 
the interaction of KCNQ1OT1 and miR-124-3p. (H) The expression of miR-124-3p in CAL27/DDP and SCC9/DDP cells 
transfected with si-NC or si-KCNQ1OT1#3 was detected by qRT-PCR. I, and J, The level of miR-124-3p in chemo-sensitive 
tissues (n = 30), chemo-insensitive tissues (n = 30), CAL27 cells, CAL27/DDP cells, SCC9 cells and SCC9/DDP cells was 
detected by qRT-PCR. K, A negative correlation between the expression of KCNQ1OT1 and miR-124-3p was analyzed by 
Pearson’s correlation coefficient (R = -0.827, p<0.0001). * p<0.05.
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ing the potential binding site of miR-124-3p (Fig-
ure 4A). Then, the relationship between miR-124-
3p and TRIM14 was verified by Dual-Luciferase 
reporter assay; the results revealed that the Lucif-
erase activity of WT TRIM14 3’UTR Luciferase 

vector was significantly reduced by miR-124-3p 
in CAL27/DDP and SCC9/DDP cells, while the 
Luciferase activity of MUT TRIM14 3’UTR Lu-
ciferase vector was not changed (Figure 4B and 
C). More importantly, qRT-PCR and Western 

Figure 4. TRIM14 acted as a target of miR-124-3p. A, The online software TargetScan revealed the potential binding site 
between TRIM14 3’UTR and miR-124-3p. B, and C, The relationship between TRIM14 3’UTR and miR-124-3p was verified 
by the dual-luciferase reporter assay. D, and E, The expression of TRIM14 in CAL27/DDP and SCC9/DDP cells transfected 
with miR-124-3p was detected by qRT-PCR. F-I, The mRNA and protein level of TRIM14 in chemo-sensitive tissues (n = 
30), chemo-insensitive tissues (n = 30), CAL27 cells, CAL27/DDP cells, SCC9 cells and SCC9/DDP cells was detected by 
qRT-PCR and Western blot. J, Pearson’s correlation coefficient was used to analysis the correlation between the expression of 
TRIM14 and miR-124-3p (R = -0.722, p<0.0001). * p < 0.05.
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blot demonstrated that the expression of TRIM14 
was inhibited by miR-124-3p in CAL27/DDP and 
SCC9/DDP cells (Figure 4D and E). Moreover, 
the mRNA and protein levels of TRIM14 were in-
creased in chemo-insensitive tissues and CAL27/
DDP and SCC9/DDP cells (Figure 4F-I). Finally, 
the negatively correlation between the expression 
of miR-124-3p and TRIM14 was also determined 
(Figure 4J).

Downregulation of TRIM14 Reduced 
the Survival Rate, Proliferation and 
Metastasis of CAL27/DDP and 
SCC9/DDP Cells

Based on this evidence, it was of great signif-
icance to further study the function of TRIM14. 
Firstly, qRT-PCR and Western blot were used to 
detect the transfection efficiency of si-TRIM14 
in CAL27/DDP and SCC9/DDP cells (Figure 
5A and B). Then, the MTS assay revealed that 
the cell survival of CAL27/DDP and SCC9/DDP 
cells transfected with si-TRIM14 was gradually 
reduced as the DDP content was increased (Fig-
ure 5C and D). In addition, MTT assay and tran-
swell assay were performed; the results showed 
that the proliferation, migration, and invasion of 
CAL27/DDP and SCC9/DDP cells transfected 
with si-TRIM14 were decreased (Figure 5E-H). 
Western blot assay indicated that the expression 
level of E-cadherin was upregulated, while the 
levels of N-cadherin and Vimentin were down-
regulated in CAL27/DDP and SCC9/DDP cells 
transfected with si-TRIM14 (Figure 5I-L), thus 
suggesting that TRIM14 inhibition suppressed 
the EMT process in DDP-resistant tongue cancer 
cells.

KCNQ1OT1 Regulated the TRIM14 
Expression Through Targeting MiR-124-3p

We aimed to confirm whether KCNQ1OT1 
affected DDP-resistant tongue cancer cells pro-
gression through a miR-124-3p/ TRIM14 axis. 
MiR-124-3p inhibitor was constructed, and the 
expression level of TRIM14 was detected by 
qRT-PCR and Western blot. The results revealed 
that TRIM14 was significantly downregulated in 
CAL27/DDP and SCC9/DDP cells transfected 
with si-KCNQ1OT1#3. However, miR-124-3p in-
hibitor reversed the inhibitory effect of si-KCN-
Q1OT1#3 on TRIM14 expression in CAL27/DDP 
and SCC9/DDP cells (Figure 6A-D). These data 
demonstrated that KCNQ1OT1 affected the ex-
pression of TRIM14 by directly targeting miR-
124-3p.

KCNQ1OT1 Knockdown Reduced the 
DDP-Resistant Tumor Growth and 
Weight Through the MiR-124-3p/TRIM14 
Axis In Vivo

To further explore the functional effects of 
KCNQ1OT1 on DDP resistance of tongue can-
cer cells in vivo, the xenograft tumor model was 
established. The tumor volume was measured 
every 7 d, and the results showed that it was 
markedly reduced in DDP treated cells transfect-
ed with sh-KCNQ1OT1 (Figure 7A). Next, the tu-
mor weight in DDP treated cells transfected with 
sh-KCNQ1OT1 resulted in a significant downreg-
ulation detected in 35 days (Figure 7B). Finally, 
qRT-PCR was used to detect the expression of 
KCNQ1OT1, miR-124-3p, and TRIM14; the re-
sults showed that the expression of KCNQ1OT1 
and TRIM14 was decreased, while miR-124-3p 
was raised in DDP treated cells transfected with 
sh-KCNQ1OT1 compared with DDP treatment 
cells or control cells in vivo (Figure 7C).

Discussion

Although there have been many advances in 
radiotherapy and surgery for patients with tongue 
cancer, the poor prognosis can have a significant 
impact on their quality of life25. In the treatment 
of tongue cancer resection, the reconstruction of 
the free flap of the oral tongue or the base of the 
tongue becomes a difficult problem, and after the 
operation, the early voice and swallowing func-
tion significantly decreased and slowly recov-
ered26. DDP is considered to be one of the most 
effective antineoplastic chemotherapy drugs; 
however, because of the DDP toxicity of normal 
tissue and the body resistance, its application is 
restricted27. Therefore, it is of considerable sig-
nificance to investigate the molecular mechanism 
of reducing cisplatin resistance in patients with 
tongue cancer.

Li et al28 showed that lncRNA KCNQ1OT1 
facilitated the resistance of oxaliplatin by regulat-
ing autophagy-related gene 4B (ATG4B) through 
miR-34a in colon cancer cells. KCNQ1OT1 al-
so contributed to the methotrexate resistance of 
colorectal cancer by regulating the gene cod-
ing for dopamine-regulated and cAMP-regulat-
ed phosphoprotein (PPP1R1B) by sponging miR-
76029. Our study found that the KCNQ1OT1 ex-
pression was increased in DDP-resistant tongue 
cancer tissues and cells, and KCNQ1OT1 was 
mainly expressed in the cytoplasm. On the func-
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tion, the downregulation of KCNQ1OT1 inhibited 
the CAL27/DDP and SCC9/DDP cells survival, 
proliferation, migration, and invasion. Kalluri et 
al30 indicated that the epithelial marker E-cadher-
in and the mesenchymal markers N-cadherin and 
Vimentin were thought to be the marker proteins 

of EMT. The results also demonstrated that the 
KCNQ1OT1 knockdown suppressed the EMT 
process of DDP resistant tongue cancer cells.

LncRNA has been described as an endogenous 
sponge, which directly binds to miRNA and 
regulates the molecular function31,32. To further 

Figure 5. Downregulation of TRIM14 reduced the survival rate, proliferation and metastasis of CAL27/DDP and SCC9/DDP 
cells. A, and B, The transfection efficiency of si-TRIM14 in CAL27/DDP and SCC9/DDP cells was detected by qRT-PCR and 
Western blot. C, and D, MTS assay was used to detect the survival rates of CAL27/DDP and SCC9/DDP cells transfected with 
si-TRIM14. E, and F, The proliferation of CAL27/DDP and SCC9/DDP cells transfected with si-TRIM14 was measured by 
MTT assay. G, and H, Transwell assay was used to detect the migration and invasion of CAL27/DDP and SCC9/DDP cells 
transfected with si-TRIM14. I-L, Western blot was used to test the levels of E-cadherin, N-cadherin and Vimentin in CAL27/
DDP and SCC9/DDP cells transfected with si-TRIM14. *p<0.05.
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Figure 6. KCNQ1OT1 regulated the TRIM14 expression through targeting miR-124-3p. A, and B, qRT-PCR was used to 
detect the expression of TRIM14 in CAL27/DDP and SCC9/DDP cells transfected with si-KCNQ1OT1#3 or si-KCNQ1OT1#3 
+ miR-124-3p inhibitor. C, and D, The protein levels of TRIM14 in CAL27/DDP and SCC9/DDP cells transfected with si-
KCNQ1OT1#3 or si-KCNQ1OT1#3 + miR-124-3p inhibitor were measured by Western blot. *p<0.05.

Figure 7. KCNQ1OT1 knockdown reduced the DDP-resistant tumor growth and weight through the miR-124-3p/TRIM14 
axis in vivo. CAL27/DDP cells transfected with sh-KCNQ1OT1 were inoculated subcutaneously into the nude mice to establish 
the xenograft tumor. Then, the PBS or 3 mg/kg DDP were injected subcutaneously into the mice every 3 d. A, The tumor 
volume was measured every 7 d after injection. B, Tumor weight was measured on d 35. C, The expression of KCNQ1OT1, 
miR-124-3p and TRIM14 in xenograft tumor was detected by qRT-PCR. *p < 0.05.
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explore whether KCNQ1OT1 acted as a sponge of 
miRNA, the starBase 3.0 was performed. The re-
sults indicated that KCNQ1OT1 contained bind-
ing sites of miR-124-3p, which was then verified 
by the Dual-Luciferase reporter assay. A previous 
document showed that miR-124-3p played a tumor 
suppressor role in breast cancer and Cbl proto-on-
cogene; E3 ubiquitin protein ligase (CBL) acted 
as its target gene to participate in the inhibition of 
cell proliferation and invasion33. Furthermore, it 
was found that KCNQ1OT1 negatively regulated 
the miR-124-3p expression, and TRIM14 acted 
as a target of miR-124-3p. Feng et al34 indicat-
ed that TRIM14 facilitated the EMT process in 
glioblastoma cells. Similar to these findings, the 
data in our research showed that the TRIM14 
knockdown suppressed the survival rate, prolif-
eration, migration, invasion, and EMT of CAL27/
DDP and SCC9/DDP cells. More importantly, 
KCNQ1OT1 regulated the TRIM14 expression by 
targeting miR-124-3p. In animal experiments, the 
downregulation of KCNQ1OT1 expression inhib-
ited the DDP-resistant tumor growth and weight 
through the miR-124-3p/TRIM14 axis.

Conclusions

This study indicated that the expression of 
KCNQ1OT1 in DDP-resistant tongue cancer tis-
sues and cells was higher than tongue cancer tis-
sues and cells, while the KCNQ1OT1 expression 
inhibition resulted in a suppression of DDP-resis-
tant tongue cancer cells survival rate, prolifera-
tion, and metastasis, suggesting that KCNQ1OT1 
knockdown decreased the DDP resistance of 
tongue cancer cells. Moreover, miR-124-3p acted 
as a target of KCNQ1OT1, which could inhibit 
the expression of miR-124-3p. Of note, miR-124-
3p directly targeted TRIM14 and the downreg-
ulation of TRIM14 inhibited the survival rate, 
proliferation, migration, invasion, and EMT pro-
cess of CAL27/DDP and SCC9/DDP cells. More 
importantly, KCNQ1OT1 regulated the TRIM14 
expression by sponging miR-124-3p. Further-
more, KCNQ1OT1 inhibition also reduced the 
DDP-resistant tumor volume and weight through 
the miR-124-3p/TRIM14 axis in vivo. Collective-
ly, the study revealed that KCNQ1OT1 promoted 
the cisplatin resistance of tongue cancer by af-
fecting TRIM14 mediated by miR-124-3p. These 
results provide references for reducing cisplatin 
resistance and developing new diagnostic and 
therapeutic tools for tongue cancer.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding
This study was supported by the Natural Science Founda-
tion for the Youth of China (Grant No. 81400488); the Jilin 
Provincial Science and Technology Department (Grant No. 
20180520058JH); Jilin Province Health and Health Tech-
nology Innovation Project (Grant No. 2018J073).

References

 1) Moore Sr, JohnSon nW, Pierce AM, WilSon DF. The 
epidemiology of tongue cancer: a review of glob-
al incidence. Oral Dis 2000; 6: 75-84.

 2) lAM l, logAn rM, luke c. Epidemiological anal-
ysis of tongue cancer in South Australia for the 
24-year period, 1977-2001. Aust Dent J 2006; 51: 
16-22.

 3) nAkAhArA S, TAkenAkA Y, ogAWA k, niShiike S, YAMA-
MoTo Y, Seo Y, iSohAShi F, Suzuki o, YoShiokA Y, Su-
MiDA i, YoShii T, ToMiYAMA Y, inohArA h. Phase II 
study of docetaxel, cisplatin, and concurrent ra-
diation followed by platinum-based adjuvant che-
motherapy for technically unresectable, locally 
advanced head and neck squamous cell carcino-
ma. Int J Clin Oncol 2016; 21: 1030-1037.

 4) zhong lP, zhAng cP, ren gX, guo W, WilliAM Wn, 
Jr., Sun J, zhu hg, Tu WY, li J, cAi Yl, WAng lz, 
FAn XD, WAng zh, hu YJ, Ji T, YAng WJ, Ye WM, li 
J, he Y, WAng YA, Xu lQ, WAng BS, kieS MS, lee JJ, 
MYerS Jn, zhAng zY. Randomized phase III trial of 
induction chemotherapy with docetaxel, cisplatin, 
and fluorouracil followed by surgery versus up-
front surgery in locally advanced resectable oral 
squamous cell carcinoma. J Clin Oncol 2013; 31: 
744-751.

 5) giBSon Mk, li Y, MurPhY B, huSSAin Mh, DeconTi 
rc, enSleY J, ForASTiere AA; eASTern cooPerATive on-
cologY g. Randomized phase III evaluation of cis-
platin plus fluorouracil versus cisplatin plus pacli-
taxel in advanced head and neck cancer (E1395): 
an intergroup trial of the Eastern Cooperative On-
cology Group. J Clin Oncol 2005; 23: 3562-3567.

 6) cAo J. The functional role of long non-coding 
RNAs and epigenetics. Biol Proced Online 2014; 
16: 11.

 7) zhAng Th, liAng lz, liu Xl, Wu Jn, Su k, chen JY, 
zheng QY, huAng hz, liAo gQ. Long non-coding 
RNA MALAT1 interacts with miR-124 and mod-
ulates tongue cancer growth by targeting JAG1. 
Oncol Rep 2017; 37: 2087-2094.

 8) WAng J, li l, Wu k, ge W, zhAng z, gong l, Yu-
An D. Knockdown of long noncoding RNA urothe-
lial cancer-associated 1 enhances cisplatin che-
mosensitivity in tongue squamous cell carcinoma 
cells. Pharmazie 2016; 71: 598-602.



C.-Y. Qiao, T.-Y. Qiao, H. Jin, L.-L. Liu, M.-D. Zheng, Z.-L. Wang

212

 9) zhAng S, MA h, zhAng D, Xie S, WAng W, li Q, lin 
z, WAng Y. LncRNA KCNQ1OT1 regulates prolif-
eration and cisplatin resistance in tongue cancer 
via miR-211-5p mediated Ezrin/Fak/Src signaling. 
Cell Death Dis 2018; 9: 742.

10) liAng W, Sun F. Identification of pivotal lncRNAs 
in papillary thyroid cancer using lncRNA-mR-
NA-miRNA ceRNA network analysis. PeerJ 2019; 
7: e7441.

11) WAng lX, WAn c, Dong zB, WAng Bh, liu hY, li 
Y. Integrative analysis of long noncoding RNA 
(lncRNA), microRNA (miRNA) and mRNA ex-
pression and construction of a competing en-
dogenous RNA (ceRNA) network in metastat-
ic melanoma. Med Sci Monit 2019; 25: 2896-
2907.

12) long X, li Q, zhi lJ, li JM, WAng zY. LINC00205 
modulates the expression of EPHX1 through the 
inhibition of miR-184 in hepatocellular carcinoma 
as a ceRNA. J Cell Physiol 2019. doi: 10.1002/
jcp.29206. [Epub ahead of print].

13) zhou rS, zhAng eX, Sun QF, Ye zJ, liu JW, zhou 
Dh, TAng Y. Integrated analysis of lncRNA-miR-
NA-mRNA ceRNA network in squamous cell car-
cinoma of tongue. BMC Cancer 2019; 19: 779.

14) cui rJ, FAn Jl, lin Yc, PAn YJ, liu c, WAn Jh, WAng 
W, JiAng zY, zheng Xl, TAng JB, Yu Xg. MiR-124-3p 
availability is antagonized by LncRNA-MALAT1 
for Slug-induced tumor metastasis in hepatocel-
lular carcinoma. Cancer Med 2019; 8: 6358-6369.

15) Sun l, YAo Y, liu B, lin z, lin l, YAng M, zhAng W, 
chen W, PAn c, liu Q, Song e, li J. MiR-200b and 
miR-15b regulate chemotherapy-induced epitheli-
al-mesenchymal transition in human tongue can-
cer cells by targeting BMI1. Oncogene 2012; 31: 
432-445.

16) zhAng Th, liAng lz, liu Xl, Wu Jn, Su k, chen JY, 
zheng QY. LncRNA UCA1/miR-124 axis modulates 
TGFβ1-induced epithelial-mesenchymal transi-
tion and invasion of tongue cancer cells through 
JAG1/Notch signaling. J Cell Biochem 2019; 120: 
10495-10504.

17) Meroni g, Diez-rouX g. TRIM/RBCC, a novel class 
of ‘single protein RING finger’ E3 ubiquitin ligas-
es. Bioessays 2005; 27: 1147-1157.

18) hu g, Pen W, WAng M. TRIM14 promotes breast 
cancer cell proliferation by inhibiting apoptosis. 
Oncol Res 2019; 27: 439-447.

19) WAng X, guo h, YAo B, helMS J. MiR-15b inhibits 
cancer-initiating cell phenotypes and chemore-
sistance of cisplatin by targeting TRIM14 in oral 
tongue squamous cell cancer. Oncol Rep 2017; 
37: 2720-2726.

20) Xie Sl, FAn S, zhAng SY, chen WX, li QX, PAn gk, 
zhAng hQ, WAng WW, Weng B, zhAng z, li JS, lin 
zY. SOX8 regulates cancer stem-like properties 
and cisplatin-induced EMT in tongue squamous 
cell carcinoma by acting on the Wnt/beta-catenin 
pathway. Int J Cancer 2018; 142: 1252-1265.

21) FAn S, chen WX, lv XB, TAng Ql, Sun lJ, liu BD, 
zhong Jl, lin zY, WAng YY, li QX, Yu X, zhAng 

hQ, li Yl, Wen B, zhAng z, chen Wl, li JS. MiR-
483-5p determines mitochondrial fission and 
cisplatin sensitivity in tongue squamous cell car-
cinoma by targeting FIS1. Cancer Lett 2015; 362: 
183-191.

22) Dong z, YAng P, Qiu X, liAng S, guAn B, YAng h, 
li F, Sun l, liu h, zou g, zhAo k. KCNQ1OT1 fa-
cilitates progression of non-small-cell lung carci-
noma via modulating miRNA-27b-3p/HSP90AA1 
axis. J Cell Physiol 2019; 234: 11304-11314.

23) li c, liu h, YAng J, YAng J, YAng l, WAng Y, YAn 
z, Sun Y, Sun X, JiAo B. Long noncoding RNA 
LINC00511 induced by SP1 accelerates the gli-
oma progression through targeting miR-124-3p/
CCND2 axis. J Cell Mol Med 2019; 23: 4386-
4394.

24) zhu h, Sun B, Shen Q. TNF-α induces apoptosis 
of human nucleus pulposus cells via activating 
the TRIM14/NF-κB signalling pathway. Artif Cells 
Nanomed Biotechnol 2019; 47: 3004-3012.

25) Moore gJ. Quality of life after radiation therapy for 
base of tongue cancer. Oncology (Williston Park) 
1996; 10: 1643-1648.

26) lAM l, SAMMAn n. Speech and swallowing follow-
ing tongue cancer surgery and free flap recon-
struction--a systematic review. Oral Oncol 2013; 
49: 507-524.

27) crul M, SchellenS Jh, BeiJnen Jh, MAliePAArD M. 
Cisplatin resistance and DNA repair. Cancer 
Treat Rev 1997; 23: 341-366.

28) li Y, li c, li D, YAng l, Jin J, zhAng B. LncRNA 
KCNQ1OT1 enhances the chemoresistance of 
oxaliplatin in colon cancer by targeting the miR-
34a/ATG4B pathway. Onco Targets Ther 2019; 
12: 2649-2660.

29) XiAn D, zhAo Y. LncRNA KCNQ1OT1 enhanced 
the methotrexate resistance of colorectal can-
cer cells by regulating miR-760/PPP1R1B via the 
cAMP signalling pathway. J Cell Mol Med 2019; 
23: 3808-3823.

30) kAlluri r, WeinBerg rA. The basics of epitheli-
al-mesenchymal transition. J Clin Invest 2009; 
119: 1420-1428.

31) Sen r, ghoSAl S, DAS S, BAlTi S, chAkrABArTi J. 
Competing endogenous RNA: the key to post-
transcriptional regulation. ScientificWorldJournal 
2014; 2014: 896206.

32) WAng P, ning S, zhAng Y, li r, Ye J, zhAo z, zhi h, 
WAng T, guo z, li X. Identification of lncRNA-as-
sociated competing triplets reveals global pat-
terns and prognostic markers for cancer. Nucleic 
Acids Res 2015; 43: 3478-3489.

33) WAng Y, chen l, Wu z, WAng M, Jin F, WAng n, hu 
X, liu z, zhAng cY, zen k, chen J, liAng h, zhAng 
Y, chen X. MiR-124-3p functions as a tumor sup-
pressor in breast cancer by targeting CBL. BMC 
Cancer 2016; 16: 826.

34) Feng S, cAi X, li Y, JiAn X, zhAng l, li B. Tripartite 
motif-containing 14 (TRIM14) promotes epitheli-
al-mesenchymal transition via ZEB2 in glioblas-
toma cells. J Exp Clin Cancer Res 2019; 38: 57.


