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Introduction

Nasopharyngeal carcinoma (NPC) is a type of squa-
mous cell carcinoma (SCC) originating from nasopharyn-
geal mucosal epithelial cells, and it is prevalent in South 
China and Southeast Asia (1). At present, radiotherapy or 
radiotherapy combined with adjuvant therapy is an effec-
tive methodology for the therapy of NPC, for which the 
prognosis of patients with NPC has been notably enhanced, 
and yet the prognosis of some patients is still insufficient 
(2). The five-year overall survival rate of patients with 
locally advanced NPC is 68–80%, and distant metastasis 
is the major factor for failed treatment of NPC (3). Age, 
tumor size, and molecular markers are confirmed to be 
closely related to NPC patient prognosis (4,5). Hence, 
demonstrating the molecular mechanisms involved in the 
pathogenesis of NPC is very important for the prevention 
and therapy of NPC.

It has been confirmed that the abnormal lncRNAs and 
miRNAs participate in the occurrence of tumors. WTAP 
mediates N6-methyladenosine modification of the lncR-
NA DIAPH1-AS1 and participates in the growth and me-
tastasis of NPC (6). Knocking out lncRNA PVT1 can inhi-
bit the proliferation (Pro) of NPC cells and tumorigenesis 
and exert the effects of NPC radiosensitivity by activating 
KAT2A acetyltransferase and stabilizing HIF-1α (7). High 

lncRNA HCG11 level is found in NPC tissues and has a 
positive correlation with tumor staging, lymph node me-
tastasis, and poor prognosis. Knockout of lncRNA HCG11 
can inhibit the Pro and migration (Mig) of NPC cells (8). 
The disease-free survival rate of NPC patients with high 
lncRNA FOXP4-AS1 levels is even worse (9). Zhang et al. 
(10) found that knocking out lncRNA FOXD3-AS1 (F-A) 
in NPC cells could inhibit cell Pro and promote apoptosis. 
Nevertheless, the mechanism of F-A in the malignant pro-
gression of NPC needs to be further verified.

In this work, F-A and miR-338-3p (M) levels in human 
normal nasopharyngeal (NNP) cells and NPC cells were 
detected, to demonstrate the influences of F-A and M le-
vels on the Pro, Mig, and invasion (Inv) of NPC cells and 
provide a reference for understanding the pathogenesis of 
NPC and exploring the role of F-A in malignant progres-
sion of NPC.

Materials and Methods

Experimental materials
The human NNP cell line NP69, highly differentiated 

SCC NPC cell line CNE1, and poorly differentiated SCC 
NPC cell line CNE2 were purchased from the American 
ATCC Center. RPMI-1640 medium, fetal bovine serum 
(FBS), penicillin-streptomycin, trypsin, and TRIzol rea-
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gents were purchased from Invitrogen, USA. The cDNA 
reverse transcription kit and real-time fluorescent quanti-
tative PCR kit were purchased from Beijing Baori Medical 
Biotechnology Co., Ltd.

Cell culture
The NP69, CNE1, and CNE2 cell lines were cultured 

in RPMI-1640 medium (10%FBS and 1%penicillin‒strep-
tomycin) at 37°C, 5% CO2, and saturated humidity. It was 
routinely digested with 0.25% trypsin for subsequent ge-
nerations. Cells in the logarithmic phase were subjected to 
subsequent experiments.

Vector construction and cell transfection
The design and synthesis of F-A shRNA and shRNA 

negative controls, shF-A: 5’-GGAAATATAGTGAA-
TA-3’, were performed by Thermo Fisher Scientific, USA. 
Shanghai Sangon Biotech designed and synthesized the 
negative controls formiR-338-3p mimic (MM), miR-338-
3p inhibitor (MI), and M. Subsequently, Lipofectamine 
2000 reagent was applied to transfect shF-A, shNC, MM, 
MI, and miR-NC and the cotransfection of shF-A, MM, 
MI, and miR-NC. The cells were collected after transfec-
tion for subsequent experiments.

Real-time fluorescent quantitative PCR
The total RNA in the cells was extracted with TRIzol 

reagent, which was reverse transcribed into cDNA regar-
ding the Prime Script™ RT reagent kit (Perfect Real Time). 
The cDNA was taken as the template to quantitatively de-
tect the target gene level by referring to the instructions 
of TB Green® Premix EX Taq™ II (Tli RNase H Plus). 
F-A: (upstream) 5’-GGAGTGCAAGGCCGCCTAGT-3’, 
(downstream) 5’-CTCGGAACTGGTCCCCTCGT-3’. 
M: (upstream) 5’-GCCGATCCAGCATCAGTG-3’, 
(downstream) 5’-CAGTGCAGGGTCCGAGGT-3’. M: 
(upstream) 5’-GCACCGTCAAGGCTGAGAAC-3’, 
(downstream) 5’-GCACCGTCAAGGCTGAGAAC-3’. 
In this work, GAPDH was taken as the endogenous refe-
rence gene, and the results of real-time fluorescent quanti-
tative PCR were normalized. The relative level of the tar-
get gene was calculated using 2-ΔΔCt. All experiments were 
repeated thrice to generate the mean value.

CCK-8 test
Cells in the logarithmic phase were subjected to the 

experiment. Cells at 48 h after transfection were digested 
with 0.25% trypsin. After the cells were counted, a 
2×104cells/mL suspension was concocted, and 100 μL per 
well was inoculated into 96-well plates. After 12 h, 24 h, 
48 h, and 96 h of cell culture, 10 μL CCK-8 reagent was 
applied in each well and incubated in a cell incubator for 1 
h. Subsequently, the absorbance of each well was detected 
at a wavelength of 450 nm employing a microplate rea-
der. Experiments were repeated thrice to obtain the mean 
value.

Scratch healing experiment
The cells were digested at 48 h after transfection with 

0.25% trypsin and inoculated into 6-well plates at 1×106 
per well. After overnight culture, the medium was chan-
ged, and when cells grew to 90% confluence by adherent 
growth, 10 μL of the sterile spear was utilized to score 
the cells in a 6-well plate. The floating cells were gently 

washed away with phosphate buffer and photographed 
after 0 h and 48 h to observe the gapped giant deer and 
calculate the scratch healing rate. All experiments were 
repeated thrice to generate the mean value.

Transwell Inv cell experiment
The Matrigel matrix gel hydrated overnight was dilu-

ted at a ratio of 1:4, and 40 μL of diluted Matrigel matrix 
gel was supplemented into a precooled Transwell cham-
ber and incubated for 30 min. Cells transfected for 48 h 
were digested with 0.25% trypsin and configured into a 
5×105/mL cell suspension using a serum-free medium. 
Then, 200 μL suspension was added into the upper cham-
ber of the Transwell, and 700 μL of RPMI-1640 medium 
with 20%FBS was supplemented into the lower chamber 
for routine culture for 24 h. Cells below the membrane 
were mixed with 1% paraformaldehyde and subsequently 
stained with 0.2% crystal violet for 15 min. Ten fields ran-
domly selected by the inverted microscope were counted 
to calculate the cells under the membrane. All experiments 
were repeated thrice to obtain the mean value.

Statistical analysis
Employing SPSS 22.0, all data were recorded as the 

mean±standard deviation. T-test was adopted for com-
parisons between two groups, and one-way ANOVA for 
comparisons among multiple groups. P<0.05 implied that 
the difference was statistically considerable. *P<0.05, 
**P<0.01, ***P<0.001.

Results

LncRNA F-A and M in human NNP cells and NPC cells
F-A and M in NP69, CNE1, and CNE2 cells were 

compared (Figure 1). Relative to those in the human NNP 
cell line NP69, F-A in the NPC cells CNE1 and CNE2 in-
creased considerably (P<0.01), and M in NPC cells CNE1 
and CNE2 were drastically downregulated versus those of 
human NNP cell NP69 (P<0.01).

Transfection efficiency detection of lncRNA F-A and M
The impact of shF-A on F-A and M in CNE1 and CNE2 

cells was verified (Figures 2A and 2B). In contrast to those 
in the shNC group, F-A in CNE1 and CNE2 cells in the 
shF-A group was downregulated substantially (P<0.01), 
and M in CNE1 and CNE2 cells in the shF-A group was 
markedly increased (P<0.01).

Figure 1. LncRNA F-A and M levels. (A) LncRNA F-A relative level 
in NNP cells and NPC cells. (B) M relative level in NNP cells and 
NPC cells. (**P<0.01, ***P<0.001 vs. NP69.)
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of CNE1 and CNE2 cells through ceRNA was detected 
(Figure 4). It turned out that the cell proliferative activi-
ties in the shF-A+miR-NC and shF-A+MM groups were 
drastically reduced relative to CNE1 and CNE2 groups 
(P<0.001). In addition, in contrast to the CNE1 and CNE2 
groups, the cell proliferative activity of the shF-A+MI 
group was substantially reduced (P<0.05). However, the 
cell proliferative activity in the shF-A+MI group was su-
perior to that in shF-A+miR-NC and shF-A+MM groups.

Influence of lncRNA F-A/M on NPC cell Mig
The impacts of shF-A, MM, and MI on the Mig of 

CNE1 and CNE2 cells were detected (Figure 5). The cell 
Mig between the CNE1/CNE2 groups and the shNC and 
miR-NC groups indicated slight differences (P>0.05). 
Moreover, the cell Mig of the shF-A group, MM group, 
and MI group was reduced in contrast to CNE1 and CNE2 
groups (P<0.001). In comparison with shF-A and the MM 
groups, the cell Mig of the MI group was greatly reduced 
(P<0.001).

Further, the influence of lncRNA F-A/M on the cell 
Mig of CNE1 and CNE2 cells through ceRNA was il-
lustrated in Figure 6. In comparison with the CNE1 and 
CNE2 groups, the cell Mig of the shF-A+miR-NC and 
shF-A+MM groups was greatly reduced (P<0.001). In 
comparison with the shF-A+miR-NC group, the cell Mig 
of the shF-A+MM group was reduced (P<0.01). Additio-
nally, the cell Mig of the shF-A+MI group was markedly 
increased in contrast to shF-A+miR-NC and shF-A+MM 
groups (P<0.001).

Furthermore, the influence of MM and MI on F-A and 
M in CNE1 and CNE2 cells was analyzed (Figures 2C and 
2D). It turned out that relative to the miR-NC group, F-A 
in CNE1 and CNE2 cells in MM and MI groups demons-
trated inconsiderable differences (P>0.05), while M in 
CNE1 and CNE2 cells of the MM group increased drama-
tically (P<0.001). Nevertheless, in the MI group, the M in 
CNE1 and CNE2 cells were considerably downregulated 
(P<0.01).

Impact of lncRNA F-A/M on the Pro of NPC cells
The impact of shF-A, MM, and MI on the Pro of CNE1 

and CNE2 cells was detected (Figure 3). With prolonged 
culture time, the Pro activities of CNE1 and CNE2 cells 
in each group gradually increased. Relative to CNE1 and 
CNE2 groups, the cell proliferative activity suggested 
no great differences between shNC and miR-NC groups 
(P>0.05). In addition, the cell proliferative activities of 
shF-A and MM groups were reduced versus those of CNE1 
and CNE2 groups (P<0.001), and the cell proliferative ac-
tivity of the MI group was markedly increased (P<0.001).

Afterward, the influence of lncRNA F-A/M on the Pro 

Figure 4. Impact of lncRNA F-A/M on the Proactivity of NPC cells. 
(A) Detection of the Proactivity of CNE 1 NPC cells; (B) CNE2 NPC 
cell Pro activity test. (**P<0.01, ***P<0.001 vs. CNE1 or CNE2 
groups.)

Figure 2. Detection of lncRNA F-A and M. (A) Detection of silencing 
efficiency of lncRNA F-A in NPC cells; (B) Influence of silencing 
lncRNA F-A on M relative level in NPC cells; (C) Impact of overex-
pression/silencing of M on lncRNA F-A relative level in NPC cells; 
(D) Detection of M overexpression/silencing efficiency in NPC cells. 
(**P<0.01, ***P<0.001 vs. shNC or miR-NC groups.)

Figure 3. Impacts of lncRNA F-A and M on the Proactivity of NPC 
cells. (A) Detection of Proactivity of CNE 1 NPC cells; (B) CNE2 
NPC cell proliferative activity test. (**P<0.01, ***P<0.001 vs. CNE1 
or CNE2 groups.)
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Figure 5. Impacts of lncRNA F-A and M on NPC cell Mig. (A) 
CNE1 NPC cell Mig detection; (B) CNE2 NPC cell Mig detection. 
(**P<0.01, ***P<0.001 vs. CNE1 or CNE2 groups; ##P<0.01 vs. 
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Impact of lncRNA F-A/M on the Inv of NPC cells
The cell Inv effects of shF-A, MM, and MI on CNE1 

and CNE2 cells were detected (Figure 7). The cell Inv 
between the CNE1/CNE2 groups and the shNC and miR-
NC groups indicated inconsiderable differences (P>0.05). 
Relative to the CNE1 and CNE2 groups, the number of in-
vading cells in the shF-A group, MM group, and MI group 
was substantially reduced (P<0.001). Additionally, the 
number of invading cells in the MI group was markedly 
reduced versus the shF-A and MM groups (P<0.001).

Then, the influence of lncRNA F-A/M on the Inv of 
CNE1 and CNE2 cells by ceRNA was demonstrated (Fi-
gure 8). In contrast to CNE1 and CNE2 groups, the cell 
Inv numbers in the shF-A+miR-NC and shF-A+MM 
groups were reduced (P<0.001). In addition, the number 
of invading cells in the shF-A+MM group was reduced 
relative to the shF-A+miR-NC group (P<0.01). Further-
more, the cell Inv number of the shF-A+MI group was 
increased markedly relative to shF-A+miR-NC and shF-
A+MM groups (P<0.001).

Discussion

NPC is a malignant tumor at the top and lateral wall of 
the nasopharyngeal cavity, and the incidence of NPC is the 
highest among otorhinolaryngologic malignancies (11). 
The main clinical symptoms of NPC patients are nasal 
obstruction, the feeling of ear blockage, hearing loss, di-
plopia, and headache. Radiotherapy is the preferred treat-
ment for NPC. Nevertheless, patients with a high diffe-
rentiation level, late course of the disease, and recurrence 
after radiotherapy still need to receive surgical resection 
and adjuvant chemotherapy (12). LncRNAs are involved 
in chromatin remodeling, transcription, and DNA methy-
lation (13,14). In addition, lncRNAs are involved in NPC 
progression and chemotherapy/radiotherapy sensitivity 
(15). In this work, the mechanism of action of lncRNA 
F-A in NPC was analyzed.

LncRNA F-A is involved in many cancer progressions 
and shows a trend of medium and high expression. F-A 
in cervical cancer tissues and cells shows a trend of high 
expression, while FOXOD3-AS1 is related to poor dif-
ferentiation of tumor tissues, increased tumor size, and 
lymph node metastasis (16). High F-A level is found in 
breast cancer tissues, and knockout of F-A can participate 
in the inhibition of the Pro and metastasis of breast cancer 
cells by regulating the miR-127/ARF6 axis (17). F-A level 
in non-small cell lung cancer (NSCLC) tissues and cells 
is superior to that in normal tissues and cells, and silen-
cing F-A can play a role in inhibiting the Pro and inducing 
apoptosis of NSCLC cells by upregulating miR-135a-5p 

level (18). In this work, it was revealed that the F-A level 
in NPC cells was superior to that in NNP cells, but that 
in poorly differentiated SCC CNE2 cells was higher than 
that in well-differentiated SCC CNE1 cells. These results 
indicated that the abnormal level of F-A might be involved 
in the occurrence of NPC. Later, the impact of F-A on the 
Pro, Mig, and Inv (PMI) of NPC cells was examined. The 
results suggested that after silencing F-A expression, the 
PMI of NPC CNE1 and CNE2 cells were greatly inhibited, 
which is in line with the results of Hu et al. (19) that the 
F-A in NPC cells is abnormally increased, and inhibition 
of FODX3-AS1 can inhibit cell survival, Inv and Mig. In 
summary, F-A plays a role as a pro-oncogene in the pro-
gression of NPC, and silencing F-A expression can inhibit 
the malignant progression of NPC.

LncRNAs can directly bind to target genes to play a 
role in activating or inhibiting the target genes and can 
also serve as competitive endogenous RNAs that bind to 
miRNAs and participate in the expression regulation of 
the target gene (20). MiRNAs are small noncoding RNAs 
with a length of 20–25 nt that can complementarily bind 
to the 3’ noncoding region of target mRNA, degrade target 
mRNA, or inhibit mRNA translation, thus participating in 
the regulation of cell Pro, differentiation, apoptosis, and 
the cell cycle (21-23). M, located on chromosome 17q25, 
is involved in cell death, neural differentiation, and neurite 
elongation. In recent years, studies have confirmed that 
M shows a trend of low levels in cancers such as gastric 
cancer, ovarian cancer, and NSCLC and plays the role of 
a tumor suppressor gene (24-26). In this study, it was veri-
fied that M in NPC cells was lower than that in NNP cells 
and that in poorly differentiated SCC CNE2 cells was infe-

Figure 6. LncRNA F-A/M effects on NPC cell Mig. (A) CNE1 NPC 
cell Mig detection; (B) CNE2 NPC cell Mig detection. (***P<0.001 
vs. CNE1 or CNE2 groups; ##P<0.01, ###P<0.001 vs. shF-A group; 
^^^P<0.001 vs. MM group.)
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Figure 7. Impacts of lncRNA F-A and M on NPC cell Inv. (A) CNE1 
NPC cell Inv detection; (B) CNE2 NPC cell Inv detection. (**P<0.01, 
***P<0.001 vs. CNE1 or CNE2 groups; ##P<0.01 vs. shF-A group; 
^^P<0.01 vs. MM group.)

Figure 8. Impacts of lncRNA F-A/M on NPC cell Inv. (A) CNE1 
NPC cell Inv detection; (B) CNE2 NPC cell Inv detection. (**P<0.01, 
***P<0.001 vs. CNE1 or CNE2 groups; ##P<0.01 vs. shF-A group; 
^^P<0.01 vs. MM group.)
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rior to that in well-differentiated SCC CNE1 cells. Wang et 
al. (27) indicated that M in NPC tissue showed a trend of 
low expression, and the survival rate of patients with low 
levels was drastically inferior to those with high levels. It 
indicated that M was involved in the regulation of NPC 
progression. Later, the influence of M on the PMI of NPC 
cells was examined. It was verified that MM transfection 
substantially inhibited the PMI of NPC CNE1 and CNE2 
cells, while MI transfection notably activated the PMI of 
NPC CNE1 and CNE2 cells. Li et al. (28) found that inhi-
bition of M affects the Pro, apoptosis, Mig, and radiosen-
sitivity of NPC cells. According to the detection results 
of FODX3-AS1, the expression trends and effects of FO-
DX3-AS1 and M in NPC cells were opposite. Hence, it 
was speculated that FODX3-AS1 can act as a ceRNA to 
affect M expression and further affect the progression of 
NPC.

A study confirmed that lncRNA can be utilized as ceR-
NA to affect the regulation of miRNA on target mRNA 
level through a competitive sponge effect and thus partici-
pate in the progression of cancer (29). CeRNA constructs 
a complex action network. In the normal physiological 
state of the ceRNA network, each molecule is in a state of 
equilibrium, and the destruction of equilibrium leads to the 
occurrence of diseases (30). MiRNAs play a central role 
in the ceRNA network (31-33). In this work, the effects 
of silenced FODX3-AS1 on the malignant progression 
of NPC cells after cotransfection with MM and MI were 
explored. It turned out that after simultaneous silencing of 
FODX3-AS1, M was upregulated. Silencing of FODX3-
AS1 and overexpression of M inhibited the PMI of NPC 
CNE1 and CNE2 cells. Second, it was found that silencing 
of FODX3-AS1 and silencing of M could offset the inhi-
bition of PMI of NPC CNE1 and CNE2 cells. Such results 
indicated that lncRNA FODX3-AS1 could be taken as a 
ceRNA to participate in the regulation of the occurrence 
of NPC.

LncRNA FODX3-AS1 played a role as an oncogene 
in NPC and that lncRNA FODX3-AS1 could promote the 
PMI of NPC by regulating M. Nevertheless, this study 
only analyzed the role of the lncRNA FODX3-AS1/M axis 
in the malignant progression of NPC and did not further 
identify miRNA downstream target genes. The mechanism 
of the lncRNA/miRNA/mRNA axis in NPC progression 
needs to be further elucidated in the future. In conclusion, 
this work provides a reference for understanding the pa-
thogenesis of NPC.

References 

1. Li J, Li Y, Liu L, Wu D, Yang T, Fan Y. LINC01140 Regulates 
radiosensitivity of nasopharyngeal carcinoma cells through the 
ceRNA network. Cell Mol Biol (Noisy-le-grand) 2022 Apr 30; 
68(4): 75-85. https://doi.org/10.14715/cmb/2022.68.4.10

2. Wang P, Zhang JG, Zhong SB, Liu RY, Chen GL. Expression 
changes in serum tpa, ebv and cyfra21-1 and their clinical dia-
gnostic value in patients with nasopharyngeal carcinoma. Acta 
Med Mediterr 2022; 3: 1677. https://doi.org/10.19193/0393-
6384_2022_3_255

3. Chen SL, Li J, Li JG, Pan XT, Wu HW, Xu F. Pre-treatment 
lactate dehydrogenase to albumin ratio (LAR) predicts distant 
metastasis and poor survival in nasopharyngeal carcinoma. J 
Biol Regul Homeost Agents 2022; 36(6): 2139-2147. https://doi.
org/10.23812/j.biol.regul.homeost.agents.20223606.221

4. Lee AWM, Ng WT, Chan JYW, Corry J, Mäkitie A, Menden-
hall WM, Rinaldo A, Rodrigo JP, Saba NF, Strojan P, Suárez C, 
Vermorken JB, Yom SS, Ferlito A. Management of locally recur-
rent nasopharyngeal carcinoma. Cancer Treat Rev 2019 Sep; 79: 
101890. https://doi.org/10.1016/j.ctrv.2019.101890

5. Baloche V, Ferrand FR, Makowska A, Even C, Kontny U, Busson 
P. Emerging therapeutic targets for nasopharyngeal carcinoma: 
opportunities and challenges. Expert Opin Ther Targets 2020 Jun; 
24(6): 545-558. https://doi.org/10.1080/14728222.2020.1751820

6. Li ZX, Zheng ZQ, Yang PY, Lin L, Zhou GQ, Lv JW, Zhang LL, 
Chen F, Li YQ, Wu CF, Li F, Ma J, Liu N, Sun Y. WTAP-mediated 
m6A modification of lncRNA DIAPH1-AS1 enhances its stabi-
lity to facilitate nasopharyngeal carcinoma growth and metas-
tasis. Cell Death Differ 2022 Jun; 29(6): 1137-1151. https://doi.
org/10.1038/s41418-021-00905-w

7. Wang Y, Chen W, Lian J, Zhang H, Yu B, Zhang M, Wei F, Wu 
J, Jiang J, Jia Y, Mo F, Zhang S, Liang X, Mou X, Tang J. The 
lncRNA PVT1 regulates nasopharyngeal carcinoma cell prolife-
ration via activating the KAT2A acetyltransferase and stabilizing 
HIF-1α. Cell Death Differ 2020 Feb; 27(2): 695-710. https://doi.
org/10.1038/s41418-019-0381-y

8. Zheng J, Zhao Z, Ren H, Wang Y, Meng X, Zhang W, Zhang C, 
Ming L, Lu X. LncRNA HCG11 facilitates nasopharyngeal car-
cinoma progression through regulating miRNA-490-3p/MAP3K9 
axis. Front Oncol 2022 Apr 7; 12: 872033. https://doi.org/10.3389/
fonc.2022.872033

9. Yao L, Wang T, Wang X. LncRNA FOXP4-AS1 serves as a bio-
marker for nasopharyngeal carcinoma diagnosis and prognosis. 3 
Biotech 2021 Jan; 11(1): 25. https://doi.org/10.1007/s13205-020-
02593-8 

10. Zhang E, Li CL, Xiang YD. LncRNA FOXD3-AS1/miR-135a-
5p function in nasopharyngeal carcinoma cells. Open Med (Wars) 
2020 Nov 28; 15(1): 1193-1201. https://doi.org/10.1515/med-
2020-0177

11. Toumi N, Ennouri S, Charfeddine I, Daoud J, Khanfir A. Pro-
gnostic factors in metastatic nasopharyngeal carcinoma. Braz J 
Otorhinolaryngol 2022 Mar-Apr; 88(2): 212-219. https://doi.
org/10.1016/j.bjorl.2020.05.022

12. Hennessy MA, Morris PG. Induction treatment prior to chemora-
diotherapy in nasopharyngeal carcinoma: triplet or doublet che-
motherapy? Anticancer Drugs 2020 Feb; 31(2): 97-100. https://
doi.org/10.1097/CAD.0000000000000867

13. Li YY, Zhang JF, Pan JQ, Tang J. Integrated bioinformatical ana-
lysis of lncRNA-mRNA co-expression profiles of cervical cancer. 
Clin Exp Obstet Gynecol 2021; 48(6): 1381–1392. https://doi.
org/10.31083/j.ceog4806219

14. McCabe EM, Rasmussen TP. lncRNA involvement in cancer stem 
cell function and epithelial-mesenchymal transitions. Semin Can-
cer Biol 2021 Oct; 75: 38-48. https://doi.org/10.1016/j.semcan-
cer.2020.12.012

15. Zheng ZQ, Li ZX, Zhou GQ, Lin L, Zhang LL, Lv JW, Huang 
XD, Liu RQ, Chen F, He XJ, Kou J, Zhang J, Wen X, Li YQ, 
Ma J, Liu N, Sun Y. Long Noncoding RNA FAM225A Promotes 
Nasopharyngeal Carcinoma Tumorigenesis and Metastasis by Ac-
ting as ceRNA to Sponge miR-590-3p/miR-1275 and Upregulate 
ITGB3. Cancer Res 2019 Sep 15; 79(18): 4612-4626. https://doi.
org/10.1158/0008-5472.CAN-19-0799

16. Yang X, Du H, Bian W, Li Q, Sun H. FOXD3-AS1/miR-128-3p/
LIMK1 axis regulates cervical cancer progression 2021 May; 
45(5):62. https://doi.org/10.3892/or.2021.8013

17. Zhang X, Zhao X, Chang L, Liu F, Li C, Ge P. LncRNA FOXD3-
AS1 promotes breast cancer progression by mediating ARF6. 
Breast Cancer 2022 Sep; 29(5): 908-920. https://doi.org/10.1007/
s12282-022-01373-x



87

Yuanming Li et al. / LncRNA FOXD3-AS1/miR-338-3p in NPC progression, 2023, 69(6): 82-87

18. Guo H, Lin S, Gan Z, Xie J, Zhou J, Hu M. lncRNA FOXD3-AS1 
promotes the progression of non-small cell lung cancer by regu-
lating the miR-135a-5p/CDK6 axis. Oncol Lett 2021 Dec; 22(6): 
853. https://doi.org/10.3892/ol.2021.13114 

19. Hu J, Pan J, Luo Z, Duan Q, Wang D. Long non-coding RNA 
FOXD3-AS1 silencing exerts tumor suppressive effects in naso-
pharyngeal carcinoma by downregulating FOXD3 expression via 
microRNA-185-3p upregulation. Cancer Gene Ther 2021 Jun; 
28(6): 602-618. https://doi.org/10.1038/s41417-020-00242-z 

20. Venkatesh J, Wasson MD, Brown JM, Fernando W, Marcato P. 
LncRNA-miRNA axes in breast cancer: Novel points of inte-
raction for strategic attack. Cancer Lett 2021 Jul 1; 509: 81-88. 
https://doi.org/10.1016/j.canlet.2021.04.002

21. Akalin I, Erol B, Aslan E, Ozkanli SS, Efiloglu O, Yildirim S, 
Caskurlu T, Yildirim A, Karaman MI. A New Promising Pathway 
in Aggressive Prostate Cancer: Treg/mir-let8c/lin28b. Arch Esp 
Urol 2022 Jun; 75(5): 459-466. https://doi.org/10.37554/en-
20210424-3467-19

22. Volovat SR, Volovat C, Hordila I, Hordila DA, Mirestean CC, 
Miron OT, Lungulescu C, Scripcariu DV, Stolniceanu CR, 
Konsoulova-Kirova AA, Grigorescu C, Stefanescu C, Volovat 
CC, Augustin I. MiRNA and LncRNA as potential biomarkers in 
triple-negative breast cancer: a review. Front Oncol 2020 Nov 20; 
10: 526850. https://doi.org/10.3389/fonc.2020.526850

23. Garcia-Padilla C, Lozano-Velasco E, Muñoz-Gallardo MDM, 
Castillo-Casas JM, Caño-Carrillo S, Martínez-Amaro FJ, García-
López V, Aránega A, Franco D, García-Martínez V, López-Sán-
chez C. LncRNA H19 impairs chemo and radiotherapy in tumo-
rigenesis. Int J Mol Sci 2022 Jul 27; 23(15): 8309. https://doi.
org/10.3390/ijms23158309

24. AmeliMojarad M, AmeliMojarad M, Pourmahdian A. Circular 
RNA circ_0051620 sponges miR-338-3p and regulates ADAM17 
to promote the gastric cancer progression. Pathol Res Pract 2022 
May; 233: 153887. https://doi.org/10.1016/j.prp.2022.153887

25. Niu Q, Liu Z, Gao J, Wang Q. MiR-338-3p enhances ovarian can-
cer cell sensitivity to cisplatin by downregulating WNT2B. Yonsei 
Med J 2019 Dec; 60(12): 1146-1156. https://doi.org/10.3349/
ymj.2019.60.12.1146

26. Ding Z, Zhu J, Zeng Y, Du W, Zhang Y, Tang H, Zheng Y, Qin 
H, Liu Z, Huang JA. The regulation of Neuropilin 1 expression 
by miR-338-3p promotes non-small cell lung cancer via changes 
in EGFR signaling. Mol Carcinog 2019 Jun; 58(6): 1019-1032. 
https://doi.org/10.1002/mc.22990

27. Wang Y, Ren H, Pan Z, Liu B, Lin F. Relationship between 
miR-338-3p and clinicopathological parameters, prognosis, and 
STAT3 mRNA expression in nasopharyngeal carcinoma. Evid 
Based Complement Alternat Med 2021 Oct 19; 2021: 2681683. 
https://doi.org/10.1155/2021/2681683

28. Li Y, Li YJ, Yu M, Zhao D, Ding ZL. [circ-WHSC1 affects the 
growth, metastasis and radiotherapy sensitivity of nasopharyngeal 
carcinoma cells by targeting miR-338-3p/ELAVL1 axis]. Zhon-
ghua Zhong Liu Za Zhi 2022 Nov 23; 44(11): 1175-1185. Chinese. 
https://doi.org/10.3760/cma.j.cn112152-20201120-01005 

29. Li H, Wang M, Zhou H, Lu S, Zhang B. Long Noncoding RNA 
EBLN3P Promotes the Progression of Liver Cancer via Alteration 
of microRNA-144-3p/DOCK4 Signal. Cancer Manag Res 2020 
Sep 29; 12: 9339-9349. https://doi.org/10.2147/CMAR.S261976 

30. Braga EA, Fridman MV, Moscovtsev AA, Filippova EA, Dmi-
triev AA, Kushlinskii NE. LncRNAs in Ovarian Cancer Progres-
sion, Metastasis, and Main Pathways: ceRNA and Alternative 
Mechanisms. Int J Mol Sci 2020 Nov 23; 21(22): 8855. https://
doi.org/10.3390/ijms21228855 

31. Azizi Dargahlou, S., Iriti, M., Pouresmaeil, M., Goh, L. P. 
W. MicroRNAs; their therapeutic and biomarker proper-
ties. Cell Mol Biomed Rep 2023; 3(2): 73-88. doi: 10.55705/
cmbr.2022.365396.1085

32. Kanwal, N., Al Samarrai, O., Al-Zaidi, H. M. H., Mirzaei, A., Hei-
dari, M. Comprehensive analysis of microRNA (miRNA) in can-
cer cells. Cell Mol Biomed Rep 2023; 3(2): 89-97. doi: 10.55705/
cmbr.2022.364591.1070.

33. Sadeghi M, Bahrami A, Hasankhani A, Kioumarsi H, Nourali-
zadeh R, Abdulkareem SA, Ghafouri F, Barkema HW. lncRNA-
miRNA-mRNA ceRNA Network Involved in Sheep Prolificacy: 
An Integrated Approach. Genes (Basel) 2022 Jul 22; 13(8): 1295. 
https://doi.org/10.3390/genes13081295


