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Bian et al.: Long Noncoding RNA KCNQ1OT1 Promoted Cell Proliferation and Migration of Nasopharynx 
Cancer Cell

The objective of this work was to identify novel downstream targets and evaluate the clinically 
interpretable significance of long noncoding RNA KCNQ1OT1 expression in the prognosis of 
nasopharyngeal cancer. Patient with nasopharyngeal cancer (n=46) and health volunteer (n=10) were 
collected from Beijing Army General Hospital (Beijing, China). Nasopharyngeal cancer line 13-9B cells 
were bought from the Chinese Academy of Sciences in Shanghai and were grown in Dulbecco’s modified 
eagle medium (Hyclone) supplemented with 10 % fetal bovine serum. 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide assay was used to detect the cell growth. Flow cytometric analysis was 
used to detect the apoptosis. Enzyme-linked immunosorbent assay and Western blotting were used to 
analyze the expression of long noncoding RNA KCNQ1OT1 for the sake of interpretable visual quality 
control. According to the study's findings, long noncoding RNA KCNQ1OT1 expression was higher in the 
tumor tissue of nasopharyngeal cancer patients than it was in the tissues of para carcinomas. Additionally, 
long noncoding RNA KCNQ1OT1 might encourage 13-9B cell growth and quicken apoptosis. Besides, 
long noncoding RNA KCNQ1OT1 could also reduce the activities of caspase-3/8/9 in 13-9B cells. 
Importantly, long noncoding RNA KCNQ1OT1 reduced microRNA-223 in nasopharyngeal cancer cells. 
Long noncoding RNA KCNQ1OT1 induced insulin-like growth factor-1 receptor/phosphatidylinositol-
3-kinase/protein kinase B pathway by microRNA-223. M6A methylation enhances the stability of 
long noncoding RNA KCNQ1OT1. Biologically-inspired, microRNA-223 and the methylation of long 
noncoding RNA KCNQ1OT1 in nasopharynx tumor cells targeting insulin-like growth factor-1 receptor 
in the phosphatidylinositol-3-kinase/protein kinase B pathway boosted cell proliferation and migration.

Key words: Long noncoding RNA KCNQ1OT1, microRNA-223, microRNA-223 methylation, nasopharyngeal 
cancer

In most parts of the world, Nasopharyngeal Cancer 
(NPC) is linked with a low incidence, which is 
generally lower than 1/100 000. In 2008, the world had 
witnessed 84 400 new NPC cases, which took up the 
24th place among all malignant tumors[1]. China has a 
high morbidity rate for NPC, with standard occurrences 
for males and females of 2.8/100 000 and 1.9/100 
000, correspondingly[2,3]. Typically, NPC ranks the 11th 
place among various tumors in terms of the morbidity 
in China[2]. Of them, the highest incidence can be 
discovered in Sihui City of Guangdong Province, 

with the standardized incidences in male and female 
of 27.2/100 000 and 11.3/100 000, respectively[4]. The 
nasopharynx has a complicated anatomical structure. 
At the back of the nasal cavity, the pharynx above the 
level of the skull base to the free margin of the soft palate 
is called the nasopharynx. The top is slightly vaulted 
and beveled backward, composed of the sphenoid body 
and the occipital bone floor. NPC is generally linked 
with a conceal onset site and symptoms. Because of 
this, most patients are likely to ignore it and 60 % to 
85 % of NPC patients had clinical metastasis at the 
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moment of diagnosis. Fortunately, NPC local control 
rate is markedly enhanced in recent years[4], which can 
be ascribed to the improved imaging diagnostic tool, 
updated radiotherapy device, perfected radiotherapy 
technique and the application of comprehensive 
treatment[4]. However, distant metastasis continues to 
be the predominant factor in NPC therapy failure[5]. 

Nasopharyngeal carcinoma and other malignancies 
are frequently found, grow and become resistant to 
treatment due in large part to Long Chain Non-Coding 
RNA (LncRNA)[6]. Additionally, it can be employed as 
a biomarker for tumor diagnosis and prognosis as well 
as a possible therapy target[7]. LncRNA competitively 
inhibits endogenous microRNA (miRNA) through the 
action of sponge RNA, regulates downstream protein 
expression or signal pathway, affects angiogenesis, 
Epithelial Mesenchymal Transformation (EMT), 
Tumor Stem Cell (TSC), cell cycle, apoptosis and other 
aspects, and promotes tumor progression[8,9]. 

More study indicates that non-coding genes 
are intimately associated with tumor genesis and 
development in addition to tumor-related proteins and 
coding genes[10]. In particular, a class of non-coding 
single-strand tiny molecules known as miRNAs can 
inhibit gene expression at the post-transcriptional 
stage[11], this is accomplished by an imperfect 
complementary pairing with the 3′-Untranslated Region 
(3'UTR) of the target gene’s miRNA[11]. Additionally, 
research reveals that the chromosomal region connected 
to tumors is where more than 50 % of miRNAs are 
found[12]. Furthermore, modifications in the miRNA 
gene copy number can be caused by chromosomal 
abnormalities[12]. Aberrant miRNA expression can be 
found in multiple tumors, which has exerted the role 
as a tumor suppressor gene or oncogene[9,12]. Typically, 
abnormal miRNA expression can be detected in almost 
all tumor tissues[12] and these miRNAs can reflect 
their tissue origins. Besides, comparing the miRNA 
expression profiles can distinguish normal tissues from 
tumor tissues, thus contributing to the molecular typing 
of tumor[10]. 

According to results of a contemporary investigation, 
the Phosphatidylinositol-3-Kinase/Protein Kinase 
B (PI3K/AKT) signal transduction pathway is a 
distinct signaling pathway that is engaged in the 
signal transduction of numerous growth factors and is 
connected to numerous bodily activities[13]. The PI3K 
family of kinases is one of them and it contains enzymes 
that can specifically catalyze the phosphorylation of the 
3-position hydroxyl in phosphatidylinositol and create 

inositol lipid as the second messenger[14]. On the other 
hand, the AKT signaling pathway is mainly responsible 
for the PI3K-initiated transduction of biological 
information. Specifically, AKT is the central link in this 
signaling pathway, which can regulate cell cycle and 
initiate cell apoptosis in the meantime of participating 
in numerous vital physiopathological processes, such as 
angiogenesis, telomerase activity and cell invasion[15]. 

Notably, the Insulin-Like Growth Factor-1 Receptor 
(IGF-1R) signal transduction pathway is also involved 
in tumor genesis, mitosis, metastasis, angiogenesis 
and anti-apoptosis through multiple mechanisms[16]. 
Importantly, it participates in the tumor resistance to 
chemotherapy, radiotherapy and targeted treatment on 
human epidermal growth factor receptor 2 and epidermal 
growth factor receptor[17,18]. IGF-IR is over-expressed 
in numerous tumor cells and suppressing IGF-IR 
expression can reverse the malignant transformation 
of cells. Specifically, the IGF-IR signal transduction 
system is essential for the transformation activities of 
numerous oncogenes[19]. 

Liu and co through IGF-1R, miRNA-223 prevents 
extracellular matrix synthesis by airway smooth 
muscle cells[20]. Ding et al. showed that miRNA could 
facilitate the pathogenesis of bladder cancer resistance 
to doxorubicin[21], colorectal cancer[21] and breast 
cancer[22,23]. This study conclude the introduction, 
materials, results, discussion part and the purpose of 
this study was to identify novel downstream targets 
and evaluate the clinical significance of lncRNA 
KCNQ1OT1 expression in the prognosis of NPC.

MATERIALS AND METHODS

Selection of patients with NPC:

The Institute Research Ethics Committee of Beijing 
Army General Hospital gave its approval to this study. 
Patient with NPC (n=46) and health volunteer (n=10) 
were collected from Beijing Army General Hospital 
(Beijing, China). Patients with NPC and healthy 
volunteer’s serum samples were centrifuged at 1000 
g for 10 min at 4° and stored at -80°. The expression 
of miRNA-223 was 0-0.2 of the expression of lncRNA 
KCNQ1OT1 in the group of healthy volunteers as 
low expression, while the expression of lncRNA 
KCNQ1OT1 in the group of healthy volunteers was 
0.2-1 of the expression of lncRNA KCNQ1OT1 in the 
group as high expression[23]. The study paid a return 
visits at very 3 mo and evaluated lncRNA KCNQ1OT1 
expression using Kaplan–Meier analysis for Overall 
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Survival (OS) and Disease-Free Survival (DFS).

Our study was approved by the institutional review 
board of the hospital and was conducted in accordance 
with the ethical principles of Helsinki. Written informed 
consent was obtained from each participant.

NPC 13-9B cell culture: Thermo Fisher Scientific, 
Inc. bought the human NPC line 13-9B cell from the 
Chinese Academy of Sciences in Shanghai and it was 
grown in Dulbecco's Modified Eagle Medium (DMEM) 
media (Hyclone) supplemented with 10 % (fetal bovine 
serum, Gibco; Thermo Fisher Scientific, Inc.) at 37° 
with 5 % Carbon dioxide (CO2).

Analysis of lncRNA KCNQ1OT1 expression:

TRIzol reagent (Invitrogen) was used to extract total 
RNA from NPC tissue samples in accordance with the 
manufacturer's instructions. Oligo dT kit was used 
to undertake complementary Deoxyribonucleic Acid 
(cDNA) synthesis (Applied Biosystems, Foster City, 
USA). According to the directions for Power SYBR 
Green Polymerase Chain Reaction (PCR) Master 
Mix, LncRNA KCNQ1OT1 was expressed (Applied 
Biosystems, Foster City, USA). There were 40 cycles 
of PCR with an initial holding period of 15 s at 95° 
and 30 s at 60°. The 2−ΔΔCT relative quantification was 
used to measure fold changes in miRNA expression.

LncRNA KCNQ1OT1 transfection:

Shanghai GenePharma Co., Ltd. provided human 
lncRNA KCNQ1OT1 mimics, anti-human lncRNA 
KCNQ1OT1 mimics and negative human lncRNA 
KCNQ1OT1 mimics (Shanghai, China). Then, using 
Lipofectamine 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.), 13-9B cell was transiently 
transfected with LncRNA KCNQ1OT1 mimics, anti-
LncRNA KCNQ1OT1 mimics and negative mimics for 
48 h.

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyl-2H-
Tetrazolium Bromide (MTT) assay of cell growth:

13-9B cells were cultivated in 96-well plates after 
miRNA-223 transfection or treatment with PI3K 
inhibitors and the viability of the cells was assessed 
using (MTT, Beyotime Institute of Biotechnology Co., 
Shanghai, China). For 4 h, MTT test (0.5 mg/ml, Sigma) 
was added and each well received 150 l of dimethyl 
sulfoxide to dissolve the formazan crystals. According 
to the manufacturer's instructions, the absorbance was 

measured with a colorimetric micro plate reader at 492 
nm (Bio-Rad Laboratories, Shanghai, China).

Flow cytometric analysis of apoptosis:

Apoptosis rate was cultivated on a 6-well plate when 
miRNA-223 was transfected into 13-9B cells and 
apoptosis of the cells was assessed by flow cytometer. 
The 13-9B cell was stained with 10 l of Annexin-V 
(1 M) and 5 l of Propidium Iodide (PI) (5 M) from 
KeyGen Biotech in Nanjing, China, in the dark for 30 
min. A fly cytometer was used to measure the apoptosis 
rate (BD FACScan).

Enzyme-Linked Immunosorbent Assay (ELISA):

Cells were cultivated in a 6-well plate after 
miRNA-223 transfection or treatment with a PI3K 
inhibitor and the activity of caspase-3/9 in the cells 
was assessed using ELISA kits (Beyotime Institute of 
Biotechnology Co., Shanghai, China). 13-9B cell was 
grown for 2 h at 37° with Ac-DEVD-pNA (caspase-3) 
and Ac-LEHD-pNA (caspase-9). According to the 
manufacturer's instructions, the absorbance was 
measured with a colorimetric micro plate reader at 405 
nm (Bio-Rad Laboratories, Shanghai, China).

Western blotting:

The lysis buffer (Beyotime Institute of Biotechnology 
Co., Shanghai, China) was used to lyse the cells for 30 
min at 4° after they had been cultivated in 6-well plates. 
Total protein concentrations were determined using 
the bicinchoninic acid method (Beyotime Institute 
of Biotechnology Co., Shanghai, China) separated 
on an agarose gel with a sodium dodecyl sulphate 
concentration of 8 % to 12 %, and then transferred 
to polyvinylidene fluoride membranes (Amersham 
Biosciences, Little Chalfont, Buckinghamshire, 
UK). Membranes were blocked with 5 % skim milk 
powder in Tris buffered saline with tween before being 
incubated with the primary antibodies for p-AKT1, 
AKT and actin overnight at 4°. The antibodies were 
provided by Santa Cruz Biotechnology, Inc. of Dallas, 
Texas, USA. Using Super-signal West Pico enhanced 
chemiluminescent substrate; membranes were treated 
with a second anti-rabbit immunoglobulin G antibody. 
Using ImageJ software 3.0, each band's intensity was 
measured.

Reporter gene for luciferase: Using Lipofectamine 
2000 reagent, 100 ng of the pGL3-IGF-1R-luciferase 
plasmid and miRNA-223 mimics were transfected into 
13-9B cells (Invitrogen Co, Carlsbad, CA). The dual 
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luciferase reporter assay kit (Promega, Madison, WI) 
was used to measure the level of luciferase activity 48 
h after transfection.

Statistical analysis:

Means and Standard Deviations ((SD) n=3) were used 
to display the data in this study. Kaplan-Meier was 
used to examine the OS and DFS. The Student's t-test 
or one-way analysis of variance was used to examine 
group differences. p<0.05 was regarded as statistically 
significant.

RESULTS AND DISSCUSION

LncRNA KCNQ1OT1 expression levels in NPC tissues 
and control para carcinoma tissues were detected 
through quantitative PCR (qPCR) and gene chip. 
According to the findings, the expression of the lncRNA 
KCNQ1OT1 was noticeably up-regulated in NPC 
tissues as opposed to normal para carcinoma tissues 
(fig. 1A and fig. 1B). Furthermore, individuals with 
lower lncRNA KCNQ1OT1 expression had better OS 
and DFS than patients with high lncRNA KCNQ1OT1 
(fig.1C and fig. 1D).

To assess the impact of lncRNA KCNQ1OT1 on NPC 
cell growth and apoptosis, lncRNA KCNQ1OT1/
sh-lncRNA KCNQ1OT1 mimics was transiently 
transfected into 13-9B cells, which could up-regulate or 
down-regulate miRNA-223 expression in 13-9B cells, 
compared to the negative control group's equivalent 
(fig. 2A-fig. 2F). Moreover, over-expression of lncRNA 
KCNQ1OT1 would promote the proliferation, the 
number of 5-Ethynyl-2′-Deoxyuridine (EDU) cells and 
migration of 13-9B cells, relative to those in negative 
group (fig. 2B-fig. 2E). Then, down-regulation of 
lncRNA KCNQ1OT1 could reduce the proliferation, 
the number of EDU cells and migration of 13-9B cells, 
compared to the members of the negative category (fig. 
2G-fig. 2J).

Along with mechanism of action of lncRNA 
KCNQ1OT1 in the apoptosis of 13-9B cells was also 
investigated. The results indicated that over-expression 
of LncRNA KCNQ1OT1 would reduce the apoptosis 
and decrease the activities of Lactate Dehydrogenase 
(LDH) and caspase-3/8/9 in 13-9B cells, compared 
with those in negative group (fig. 3A-fig. 3F). However, 
down-regulation of lncRNA KCNQ1OT1 would 
promote the apoptosis and increased the activities of 
LDH and caspase-3/8/9 in 13-9B cells, compared with 
those in negative group (fig.3G-fig. 3J).

The study evaluated the method by which lncRNA 

KCNQ1OT1 controlled 13-9B cells apoptosis. Patients 
with NPC showed a negative connection between blood 
miRNA-223 levels and serum mRNA expression of the 
lncRNA KCNQ1OT1 (fig. 4A). LncRNA KCNQ1OT1 
WT reduced luciferase reporter gene activity and 
lncRNA KCNQ1OT1 target the 3'-UTR of miRNA-223 
(fig. 4B). Up-regulation of lncRNA KCNQ1OT1 
reduced miRNA-223 expression and down-regulation 
of lncRNA KCNQ1OT1 increased miRNA-223 
expression (fig. 4C and fig. 4D). 

The study investigated that the mechanism of lncRNA 
KCNQ1OT1 on cell proliferation and progression 
of NPC. In patients with NPC cells, RNA m6A 
Methyltransferase Like (METTL) 3 and METTL14 
levels were elevated (fig. 5A and fig. 5B). In NPC 
cells, there is a strong correlation between the level 
of lncRNA KCNQ1OT1 and the high expression of 
METLL3/METTL14 (fig. 5C and fig. 5D). In the 
proportion immunoprecipitated by m6A anti-body, 
lncRNA KCNQ1OT1 is enhanced (fig. 5E). LncRNA 
KCNQ1OT1's m6A methylation level was decreased 
and depleted by METTL3 and METTL14 in NPC 
cells (fig. 5F). Fig. 5G shows that Si-METTL3 or Si-
METTL14 reduces lncRNA KCNQ1OT1 expression 
levels, indicating that m6A methylation improves 
lncRNA KCNQ1OT1 stability.

The research shed light on potential pathways that could 
control lncRNA KCNQ1OT1. LncRNA KCNQ1OT1 
increased IGF-1R miRNA expression, miRNA-223 
decreased IGF-1R, miRNA expression in NPC cells 
(fig. 6A). MiRNA-223 reduced the effects of lncRNA 
KCNQ1OT1 on IGF-1R miRNA expression (fig. 6A). 
IGF-1R WT reduced luciferase reporter gene activity 
and IGF-1R target the 3'-UTR of miRNA-223 (fig. 
6B). In 13-9B cells, lncRNA KCNQ1OT1 stimulated 
the IGF-1R/PI3K/AKT pathway while sh-lncRNA 
KCNQ1OT1 repressed it (fig. 6C and fig. 6D).

Western blotting was used to assess how miRNA-223 
affected the IGF-1R/PI3K/AKT pathway, which 
controls apoptosis in cell of  13-9B. Results of 
gene chip and qPCR revealed that down-regulation 
of miRNA-223 would induce the protein expression 
of IGF-1R while suppress that of PI3K in 13-9B 
cells, against those in the negative control group 
(fig.4A-fig. 4C). The luciferase reporter gene's results 
demonstrated that down-regulating miRNA-223 could 
specifically target the 3'-UTR of IGF-1R and boost 
the activity of the luciferase reporter gene (fig. 4D 
and fig. 4E). Comparatively to the negative control 
group, immunofluorescence demonstrated that down-
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Fig. 1: LncRNA KCNQ1OT1 expression in NPC patients. (A): Gene chip for LncRNA in NPC patients; (B): LncRNA KCNQ1OT1 expression; (C): 
OS and (D): DFS 
Note: **p<0.01 compared with NPC patients group

regulating miRNA-223 would increase the protein 
expression of IGF-1R in 13-9B cells (fig. 4F). IGF-1R, 
PI3K and p-AKT protein production in 13-9B cells 
may be suppressed by over-expressing miRNA-223 in 
comparison to the negative control group, as shown in 
fig. 5A-fig. 5D. Additionally, compared to the negative 
control group, down-regulation of miRNA-223 would 
increase the protein expression of IGF-1R, PI3K and 
p-AKT in 13-9B cells (fig. 5E-fig. 5H).

Cancer-related lncRNA is found to be more conserved 
than the non-cancer lncRNA, which thereby has a 
lower probability of developing single nucleotide 
polymorphism[24]. Meanwhile, the number of cancers 
involving lncRNA is found to be positively correlated 
with its conservative property[25]. Genomic localization 
analysis indicates that, cancer-related lncRNA tend to 
exist in clusters relative to the non-cancer miRNAs. 

Moreover, further association analysis on the host 
genes, cancer-related lncRNA and target genes with 
cancer genesis reveals that, the host genes of some 
non-cancer lncRNA are subjected to the cancer-related 
miRNAs[12]. Our findings could provide theoretical 
foundation for the intensive understanding towards the 
relationship of lncRNA with cancer and using lncRNA 
as the cancer diagnostic marker. In this work, it was 
discovered that NPC tissues had clearly higher levels 
of lncRNA KCNQ1OT1 expression than control para 
carcinoma tissues did. Additionally, OS and DFS were 
higher in individuals with low lncRNA KCNQ1OT1 
expression than they were in patients with high lncRNA 
KCNQ1OT1. Additionally, KCNQ1OT1 would 
encourage 13-9B cell migration and proliferation. 
KCNQ1OT1 may be a potential predictive biomarker 
and therapeutic target for gastric cancer, according to 
Yue et al.[26]. The current study, only used 13-9B cell 

Fig. 2: LncRNA KCNQ1OT1 regulated the proliferation of NPC cells. (A): LncRNA KCNQ1OT1; (B): cell proliferation; (C): The number of EDU 
cells; (D): Migration rate; (E): Transfer rate; (F): By over-expression of lncRNA KCNQ1OT1 group, lncRNA KCNQ1OT1; (G): Cell proliferation; 
(H): The number of EDU cells; (I): Migration rate; (J): Transfer rate by down-regulation of lncRNA KCNQ1OT1 group
Note: **p<0.01 compared with vector or sh-NC group, (B): (     ): Vector and (     ): KCNQ1OT1 and (G): (     ): sh-nc and (     ): sh- KCNQ1OT1
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Fig. 3: LncRNA KCNQ1OT1 regulated the apoptosis rate of NPC cells. (A): The LDH activity (B): Apoptosis rate; (C, D and E): Caspase-3/8/9 
activity levels were detected by over-expression of lncRNA KCNQ1OT1 group; (F): LDH activity; (G, H and I): Caspase-3/8/9 activity levels and by 
down-regulation of lncRNA KCNQ1OT1 group 
Note: **p<0.01 compared with vector or sh-NC group

Fig. 5: LncRNA KCNQ1OT1 is stabilized by m6A methylation in NPC cells, (A): METTL3; (B): METTL14 expression; (C): LncRNA KCN-
Q1OT1 was negative correlation with METTL3; (D): METTL14 levels in patients with NPC; (E): Immunoprecipitated by m6A anti-body; (F):  
Immunoprecipitated by m6A anti-body and (G): LncRNA KCNQ1OT1 expression levels  
Note: **p<0.01 compared with normal, lgG or NC group

Fig. 4: LncRNA KCNQ1OT1 regulated miRNA-223 in NPC cells. (A): LncRNA KCNQ1OT1 was negative correlation with serum miRNA-223 
levels in patients with NPC; (B): Luciferase reporter gene activity was used to detect the expression of miR-22 in control, WT and Mut group and 
(C and D): miRNA-223 expression was detected in the vector, KCNQ1OT1 over-expression and sh-KCNQ1OT1 
Note: **p<0.01 compared with control, vector or sh-NC group; (        ): Vector and (        ): miR-223
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for in vitro model of nasopharynx cancer and it is a 
limitation of the current study. We will use more cell 
lines or animal model in further experiment. 

The PI3K/PTEN/AKT signal transduction pathway 
is the key link in growth regulation and one of the 
several signal transduction routes that induce tumor 
cell apoptosis[27]. It is essential in controlling apoptosis 
and activation of this signal transduction pathway can 
prevent cell death brought on by a variety of stimuli 
and advance the cell cycle[28], boosting cell survival and 
growth. Additionally, it participates in angiogenesis and 
is crucial for the development, invasion and metastasis 
of tumors[29,30]. Moreover, such a signal transduction 
pathway also exerts a vital effect on the genesis, 
development and resistance of malignant tumor through 
inducing the survival, differentiation and angiogenesis 
of tumor cells[29,31]. The results of this work showed 
that LncRNA KCNQ1OT1 controlled the PI3K/AKT 
pathway in 13-9B cells by directing its attention to IGF-
1R. Li et al. demonstrated that KCNQ1OT1 altered 
cervical cancer cells survival and apoptosis via the 
PI3k/AKT pathway[32].

The migration, proliferation and response of tumor cells 
to hypoxia are additional effects of the IGF-1R system. 
In particular, IGF-1R, which primarily performs its 
activity through the IGF-1R dimer, has been studied as 
a research target for almost 20 y[33,34]. To further enhance 
the downstream signaling, it can also attach to the IGF-
1R-Insulin Receptor (IR) complex, which is especially 
true in tumor cells. It is advantageous for the start of 
tumor genesis and development when other growth 
factors bind to the IGF-1R signaling pathway[33,35]. 
Additionally, it can trigger its downstream PI3K-AKT 

and Ras-Raf-MAPK pathways through IGF-1R, sending 
the tumor cells survival signal[33,35]. It was discovered in 
the current study that, lncRNA KCNQ1OT1 regulated 
IGF-1R/PI3K/AKT pathway by miRNA-223. Chen et 
al. demonstrated that IGF-1R/AKT signaling controlled 
the melanoma carcinogenesis caused by miR-233-3p[36]. 
Therefore, these findings demonstrated that miRNA 
223 targets the PI3K/AKT pathway, where lncRNA 
KCNQ1OT1 boosted cell proliferation and migration 
of nasopharynx cancer cells via targeting IGF-1R.

Numerous biological functions of cells, including 
gene imprinting, X chromosome inactivation, genome 
stability and cell differentiation, include methylation[37]. 
Tumor occurrence and development are significantly 
influenced by methylation alterations at the level of 
individual genes and throughout the genome[38]. The 
aberrant methylation of tumor suppressor genes can 
decrease the expression of these genes, which can 
cause tumor cells to grow, invade and metastasize out 
of control and contribute to the angiogenesis of tumor 
tissues[39]. Chromosomal instability caused by hypo 
methylation of genomic DNA has been found in many 
tumor studies[40]. In this study, lncRNA KCNQ1OT1 
is stabilized by m6A methylation in NPC cells. There 
are also limits of this study. First, there are no animal 
studies and clinical species in this study. And the 
mechanism was also not clarified. Further studies are 
needed to make it clear. 

In contrast, lncRNA KCNQ1OT1 would encourage 
NPC cell proliferation and migration through miRNA-
223’s targeting of IGF-1R in the PI3K/AKT pathway. 
Taken together, our findings suggest that lncRNA 
KCNQ1OT1 is promising to be used in treating NPC 
in clinic. 

Fig. 6: LncRNA KCNQ1OT1 regulated IGF-1R/PI3K/AKT pathway by miRNA-223, (A): IGF-1R mRNA expression; (B): Luciferase reporter gene 
activity; (C): IGF-1R/PI3K/AKT protein expression and (D): By over-expression of lncRNA KCNQ1OT1 group, PI3K/AKT protein expression 
Note: **p<0.01 compared with vector or sh-NC group; (       ): Vector and (       ): miR-223
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Together, miRNA-223 and the methylation of lncRNA 
KCNQ1OT1 in nasopharynx tumor cells targeting IGF-
1R in the PI3K/AKT pathway boosted cell proliferation 
and migration.
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