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Abstract. Laryngeal squamous cell carcinoma (LSCC) 
is a common type of malignant tumor of the head and neck. 
An increasing number of studies have illustrated that long 
non‑coding RNAs (lncRNAs) serve an important role in 
the occurrence and development of LSCC. Therefore, the 
present study aimed to investigate the expression changes 
and mechanism of lncRNA fer‑1‑like family member  4 
(FER1L4) in the progression of LSCC. The expression levels 
of FER1L4 in LSCC cell lines (AMC‑HN‑8, Tu 686, M4E and 
M2E) and a normal cell line (HBE135‑E6E7) were analyzed 
using reverse transcription‑quantitative PCR. The FER1L4 
overexpression plasmid (plasmid‑FER1L4) was subsequently 
transfected into Tu 686 cells to upregulate the expression 
levels of FER1L4. Cell viability was detected using a Cell 
Counting Kit‑8 assay, cell proliferation was analyzed using 
a colony formation assay, apoptosis was examined by flow 
cytometry, and cell migration and invasion were determined 
using wound healing and Transwell assays, respectively. In 
addition, the plasmid‑FER1L4 cells were also treated with 
insulin‑like growth factor 1 (IGF‑1) to determine the effect of 
FER1L4 on the AKT/ERK signaling pathway, and the effect 
of the plasmid‑FER1L4 on the expression levels of AKT/ERK 
signaling pathway‑related proteins were analyzed using 
western blotting. The results of the present study revealed that 
FER1L4 expression levels were downregulated in AMC‑HN‑8 
and Tu 686 cells. Notably, FER1L overexpression significantly 
reduced the cell viability, proliferation, migration and invasion 

of LSCC cells, while promoting apoptosis. Meanwhile, the 
plasmid‑FER1L4 also significantly suppressed the phosphory-
lation levels of AKT and ERK. Further studies indicated that 
the aforementioned changes could be reversed by IGF‑1, indi-
cating FER1L4 may regulate the progression of LSCC cells 
by inhibiting the AKT/ERK signaling pathway. In conclusion, 
the present study provided a potential novel direction for the 
treatment of LSCC in the future and suggested that FER1L4 
may be a new target in this field.

Introduction

Laryngeal cancer is the most common type of head and 
neck tumor. The most common pathological type of laryn-
geal cancer is laryngeal squamous cell carcinoma (LSCC), 
accounting for ~96% (1). LSCC is a highly invasive malignant 
tumor, which accounts for ~2.4% of the newly diagnosed cases 
of malignancy worldwide each year (2,3). The pathogenesis 
of the disease is associated with several factors, including the 
external environment, genetic factors, poor lifestyle habits and 
human papillomavirus infection (4,5). At present, the treatment 
of LSCC primarily involves surgical resection, radiotherapy 
and chemotherapy, which can be used to cure LSCC at early 
stages (6). However, due to concealed clinical manifestations 
of LSCC, the majority of patients are diagnosed at the middle 
or advanced stages, which are associated with a poor prog-
nosis, high mortalities and serious complications (7,8). The 
occurrence and development of LSCC are complex processes 
involving multiple genes and signaling pathways. For example, 
high expression of reversion‑inducing cysteine‑rich protein 
with Kazal motifs gene is closely related to the invasion, metas-
tasis, pathological differentiation and clinical stages of LSCC 
cells (9). Cell cycle arrest induced by p21‑activated kinase 4 
could activate the ATM/CHEK1/CHEK2/p53 signaling 
pathway and inhibit the occurrence and development of LSCC 
cells (10). Therefore, an in‑depth study into the regulation of 
related genes may provide a novel method for cancer diagnosis 
and treatment.

Commonly found in eukaryotic cells, long non‑coding 
RNAs (lncRNAs) are a novel class of non‑coding RNAs of 
>200 nucleotides in length  (11,12). lncRNAs can regulate 
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protein‑coding genes through a diverse range of mechanisms, 
including regulation of transcription, cell proliferation 
and differentiation, and they have been closely associated 
with the occurrence and development of numerous types of 
cancer, including breast, pancreatic, colorectal and gastric 
cancer (13,14). In fact, lncRNAs have been reported to serve 
an important role during LSCC occurrence, development 
and metastasis (15,16). For example, one study demonstrated 
that lncRNA H19 functioned as either a tumor promoter or 
suppressor in different tumor cells, including breast epithe-
lial, glioblastoma and fibroblast cells  (17). Luo  et  al  (18) 
reported that H19 regulated the occurrence of LSCC through 
competitively binding to insulin‑like growth factor (IGF)‑2 
and serving as a microRNA (miR) precursor that was posi-
tively related to disease progression. Li et al (19) discovered 
that the expression levels of HOX transcript antisense RNA 
(HOTAIR) were associated with the clinical stage and tumor 
differentiation of LSCC. In addition, upregulated expression 
levels of HOTAIR were associated with a lower survival 
rate of patients with LSCC (19). Feng et al (20) identified 
that metastasis associated lung adenocarcinoma transcript 
1 (MALAT1) was upregulated in LSCC and the expression 
levels of MALAT1 were closely associated with the degree of 
tumor differentiation, lymph node metastasis and pathological 
differentiation. Fer‑1‑like family member 4 (FER1L4) was also 
identified to serve as a tumor suppressor gene in several types 
of tumor (21). For instance, the knockdown of FER1L4 in hepa-
tocellular carcinoma (HCC) promoted cell proliferation and 
invasion (22); in colon cancer, the overexpression of FER1L4 
inhibited the progression by targeting miR‑106a‑5p (23); in 
esophageal squamous cell carcinoma (ESCC), the expression 
levels of FER1L4 were downregulated in the ESCC tissues 
compared with the normal tissues; and the overexpression of 
FER1L4 significantly suppressed ESCC cell proliferation and 
migration, and induced apoptosis (24). In addition, FER1L4 
demonstrated a significant inhibitory effect on various other 
types of cancer, including lung (25), prostate (26) and gastric 
cancer (27). These results indicated that the downregulated 
expression levels of FER1L4 may be related to the formation 
of numerous types of cancer, which suggests that FER1L4 has 
a broad research value. However, to the best of our knowledge, 
no study to date has reported on the expression levels and 
mechanism of action of FER1L4 in LSCC.

In the present study, Cell Counting Kit‑8 (CCK‑8), colony 
formation, flow cytometry, cell migration/invasion assays and 
western blotting were used to evaluate the effect of FER1L4 on 
the viability, proliferation, apoptosis, migration, invasion and 
the expression levels of AKT/ERK signaling pathway‑related 
proteins, respectively, of Tu 686 cells. In addition, the mecha-
nism of FER1L4 in LSCC was preliminarily discussed, which 
may provide a novel potential therapeutic target for the 
development of drugs for the treatment of LSCC.

Materials and methods

Cell culture. Four LSCC cell lines (AMC‑HN‑8, Tu  686, 
M4E and M2E) and one human bronchial epithelial cell line 
(HBE135‑E6E7) were used in the present study. AMC‑HN‑8 
(cat. no. BNCC338377) and Tu 686 (cat. no. BNCC100479) 
cells were obtained from the BeNa Culture Collection; 

Beijing Beina Chunglian Biotechnology Research Institute. 
M4E (cat. no.  JN‑2244) and M2E (cat. no.  JN‑2245) cells 
were provided from Shanghai Jining Industrial Co., Ltd. 
HBE135‑E6E7 cells (ATCC CRL‑2741) were purchased 
from the American Type Culture Collection. LSCC cell 
lines were cultured in DMEM low glucose (Hyclone; Cytiva) 
supplemented with 10% FBS (Hyclone; Cytiva) and 100 U/ml 
penicillin/streptomycin (Gibco; Thermo Fisher Scientific, Inc.). 
The HBE135‑E6E7 cell line was cultured in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS. All cells were cultured in a 5% CO2 incubator 
at 37˚C. Cells were selected for following experiments when 
they were in the logarithmic phase.

Cell transfection. The FER1L4 sequence was synthe-
sized by Shanghai GenePharma Co., Ltd., and cloned 
into the pcDNA3.1 vector (plasmid‑FER1L4; Invitrogen; 
Thermo Fisher Scientific, Inc.). The corresponding empty 
pcDNA3.1 vector [plasmid‑negative control (NC)] was used 
as the NC. Untransfected cells were used as the control. 
Tu 686 cells (5x104 cells/well) in the logarithmic phase were 
seeded into a six‑well plate and these plasmids were transfected 
into the Tu 686 cells at a final concentration of 100 nM using 
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). Following transfection for 48  h at room 
temperature, the transfection efficiency was analyzed using 
reverse transcription‑quantitative PCR (RT‑qPCR).

CCK‑8 assay. Tu 686 cells were seeded into 96‑well plates at 
a density of 5,000 cells per well. Following incubation for 24, 
48 and 72 h at 37˚C, 10 µl CCK‑8 solution (Beijing Solarbio 
Science & Technology Co., Ltd.) was added to each well and 
incubated in a humidified atmosphere of 95% O2 and 5% CO2 
at 37˚C for 2 h, according to the manufacturer's protocols. The 
absorbance of each well at 450 nm was subsequently measured 
using a microplate reader (BioTek Instruments, Inc.).

Colony formation assay. Tu 686 cells were harvested 48 h 
post‑transfection and incubated in six‑well plates at a density 
of 5,000 cells per well; the medium was changed every 4 h. 
Following 14 days of incubation in a humidified incubator 
at 37˚C with 5% CO2, the cells were rinsed with cold PBS, 
fixed with 4% methanol for 15 min and then stained with 
0.5% crystal violet for 20 min at room temperature. The colo-
nies (>50 cells) were visualized under a confocal microscopy 
(Nikon Corporation).

Wound healing assay. Wound healing assays were used to 
analyze the cell migratory abilities. Briefly, Tu 686 cells were 
plated into six‑well plates at the density of 5x105 cells/ml. Upon 
reaching ~100% confluence, a 200 µl‑pipette tip was used to 
gently scratch the adherent cell layer in the vertical direction of 
the well. Then, PBS was used to wash off the non‑suspended 
cells and 100 µg/ml DMEM without serum was added to each 
well. The cells were cultured in a CO2 incubator at 37˚C for 48 h. 
The width of the wound was photographed under a light micro-
scope (magnification, x200) and the extent of wound closure was 
semi‑quantified by ImageJ software 2.0 (National Institutes of 
Health) at 0 and 48 h. The cell migration rate was calculated as: 
Mobility (%) = (0‑48 h scratch distance/initial distance) x100%.
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Invasion assay. For cell invasion experiments, 1x106 
Tu 686 cells/well were plated into the upper chamber of a 
Transwell plate precoated with Matrigel for 30 min at 37˚C 
(2  mg/ml; 15  µl) in serum‑free DMEM. DMEM (600  µl) 
containing 10% FBS was plated into the lower chambers. 
Following incubation for 24 h at 37˚C with 5% CO2, the cells 
were stained with 0.1%  crystal violet for 20  min at room 
temperature. Finally, the cells were visualized under an inverted 
light microscope (magnification, x100; Olympus Corporation). 
Invasion was semi‑quantified by ImageJ software.

Cell apoptotic analysis. Flow cytometry was used to primarily 
analyze the proportion of cells in the late apoptosis stage. The 
digested cells were centrifuged at 1,000 x g for 10 min at 4˚C, 
and the supernatant was discarded. Cold PBS was used to 
collect the Tu 686 cells and wash them twice. Cell apoptosis 
was analyzed according to the manufacturer's protocol of 
the Annexin V‑FITC Apoptosis Detection kit (EBioscience; 
Thermo Fisher Scientific, Inc.). Briefly, Annexin V‑FITC 
binding buffer was used to resuspend the Tu 686 cells, which was 
then diluted to provide a final concentration of ~1x108 cells/ml. 
Cells were transferred to the flow tube and incubated with 5 µl 
Annexin V‑FITC staining solution for 15 min at in the dark 
at room temperature. Subsequently, the cells were incubated 
with 10 µl propidium iodide staining solution for 5 min at 4˚C. 
Apoptotic cells were then analyzed using a flow cytometer (FC 
5000; BD Biosciences) within 1 h, and flow cytometry data 
were analyzed using FlowJo software v10.4.2 (FlowJo LLC).

RT‑qPCR. Total RNA was extracted from Tu 686 cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. Total RNA was 
reverse transcribed into cDNA at  42˚C for 1  h using the 
PrimeScript RT Reagent kit (Takara Biotechnology Co., 
Ltd.). The following thermocycling conditions were used for 
RT‑qPCR: 95˚C for 5 sec; followed by 45 cycles of denaturation 
at 95˚C for 20 sec, annealing at 58˚C for 20 sec, and a final 
extension at 72˚C for 30 sec. qPCR was subsequently performed 
using a SYBR Green PCR Master Mix (Roche Diagnostics) 
to analyze the expression levels of FER1L4. The following 
primers sequences were used: FER1L4 forward, 5'‑CCG​TGT​
TGA​GGT​GCT​GTT​C‑3' and reverse, 5'‑GGC​AAG​TCC​ACT​
GTC​AGA​TG‑3'; GAPDH forward, 5'‑CAA​TGA​CCC​CTT​CAT​
TGA​CC‑3' and reverse, 5'‑GAC​AAG​CTT​CCC​GTT​CTC​AG‑3'. 
GAPDH was used as the internal loading control. The 2‑ΔΔCq 
method (28) was used to quantify the mRNA expression levels.

Western blotting. Total protein was extracted from Tu 686 cells 
using RIPA lysis buffer (Beyotime Institute of Biotechnology). 
Total protein was quantified using the BCA method and 
30  µg protein/lane was separated via 10%  SDS‑PAGE. 
The separated proteins were subsequently transferred onto 
a polyvinylidene difluoride membrane and blocked with 
5% skimmed milk overnight at 4˚C. The membranes were 
then incubated with the following primary antibodies at 4˚C 
overnight: Anti‑matrix metalloproteinase (MMP)‑2 (1:1,000; 
cat. no. 40994; Cell Signaling Technology, Inc.), anti‑MMP‑9 
(1:1,000; cat. no. 13667; Cell Signaling Technology, Inc.), 
anti‑phosphorylated  (p)‑AKT (1:2,000; cat. no. 4060; Cell 
Signaling Technology, Inc.), anti‑AKT (1:1,000; cat. no. 4691; 

Cell Signaling Technology, Inc.), anti‑p‑ERK (1:2,000; 
cat.  no.  4370; Cell Signaling Technology, Inc.), anti‑ERK 
(1:1,000; cat.  no.  4695; Cell Signaling Technology, Inc.), 
anti‑p‑p38 (1:1,000; cat. no. 4511; Cell Signaling Technology, 
Inc.), anti‑p38 (1:1,000; cat.  no.  8690; Cell Signaling 
Technology, Inc.), anti‑p‑JNK (1:2,000; cat.  no.  9255; 
Cell Signaling Technology, Inc.), anti‑JNK (1:1,000; 
cat. no. 9252; Cell Signaling Technology, Inc.), anti‑Bcl‑2 
(1:1,000; cat. no. 15071; Cell Signaling Technology, Inc.), 
anti‑Bax (1:1,000; cat. no. 2772; Cell Signaling Technology, 
Inc.), anti‑caspase‑3 (1:1,000; cat. no. 9662; Cell Signaling 
Technology, Inc.), anti‑caspase‑9 (1:1,000; cat.  no.  9502; 
Cell Signaling Technology, Inc.) and anti‑GAPDH (1:1,000; 
cat. no. 5174; Cell Signaling Technology, Inc.). Following the 
primary antibody incubation, the membranes were incubated 
with HRP‑conjugated goat anti‑rabbit secondary antibody 
(1:5,000; cat. no. A0208; Beyotime Institute of Biotechnology) 
at room temperature for 2 h. After washing the membranes 
with TBS with 0.05% Tween‑20, protein bands were visual-
ized using an ECL detection kit (Cytiva) and analyzed using 
a Bio‑Rad ChemiDoc™ MP imaging system and analyzed 
using Image Lab software 6.0.1 (Bio‑Rad Laboratories, Inc.). 
GAPDH was used as the internal reference gene.

Statistical analysis. All experiments were repeated at 
least three times. Statistical analysis was performed using 
GraphPad Prism 8.0 software (GraphPad Software, Inc.) and 
data are expressed as the mean ± standard deviation. The 
two‑tailed Student's t‑test or a one‑way ANOVA followed by a 
Tukey's post hoc test were used for the analyses of the differ-
ences between groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

FER1L4 expression levels are downregulated in LSCC 
cell lines. To investigate the role of FER1L4 in LSCC, the 

Figure 1. FER1L4 expression levels are downregulated in LSCC cell 
lines. Comparison of the relative expression levels of FER1L4 in the 
human bronchial epithelial cell line HBE135‑E6E7 and human LSCC 
cell lines (AMC‑HN‑8, Tu 686, M4E and M2E). **P<0.01 and ***P<0.001 
vs. HBE135‑E6E7. FER1L4,  fer‑1‑like family member 4; lncRNA, long 
non‑coding RNA; LSCC, laryngeal squamous cell carcinoma.
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expression levels of FER1L4 were first analyzed in different 
LSCC cell lines. The results of the RT‑qPCR analysis are 
presented in Fig. 1. Compared with the HBE135‑E6E7 cell 
line, the expression levels of FER1L4 in the LSCC cell lines, 
AMC‑HN‑8 and Tu 686, were significantly downregulated, 
while the expression levels of FER1L4 in the other two LSCC 
cell lines, M4E and M2E, were not significantly different 
(Fig. 1). As the expression levels of FER1L4 were the lowest 
in Tu 686 cells, these cells were selected for the subsequent 
experiments.

Overexpression of FER1L4 inhibits cell viability and prolif‑
eration in the Tu  686 cell line. The plasmid‑FER1L4 or 
plasmid‑NC were constructed and transfected into Tu 686 
cells; the results demonstrated that the expression levels of 
FER1L4 in the plasmid‑FER1L4 group were significantly 
upregulated compared with the control group, while there 
were no significant differences identified in the expression 
levels of FER1L4 between the plasmid‑NC and control groups 
(Fig. 2A). The CCK‑8 assay revealed that the cell viability of 
the plasmid‑FER1L4 group was significantly decreased after 
48 h compared with the control group (Fig. 2B). In addition, as 
the duration of cell culture increased, the cell viability of the 
plasmid‑FER1L4 group was the most significantly decreased 
at 72 h compared with the control group (Fig. 2B). The colony 
formation assay also demonstrated that the number of colo-
nies observed in the plasmid‑FER1L4 group was decreased 
compared with the control and plasmid‑NC groups (Fig. 2C). 
These results suggested that the overexpression of FER1L4 may 
inhibit the viability and proliferation of the Tu 686 cell line.

Overexpression of FER1L4 inhibits cell migration and inva‑
sion in the Tu 686 cell line. Wound healing and Transwell 
assays were used to determine the migratory and invasive 
ability, respectively, of Tu 686 cells. As shown in Fig. 3A and B, 
the results of the wound healing assay demonstrated that 
the overexpression of FER1L4 significantly decreased the 
cell migration rate and reduced the wound closure speed of 
Tu 686 cells compared with the control group. The results 
of the Transwell assay revealed that the number of invasive 
Tu 686 cells in the plasmid‑FER1L4 group was significantly 
decreased compared with the control group (Fig. 3C and D). 
In addition, the expression levels of MMPs were investigated 
using western blotting. As shown in Fig. 3E, the overexpres-
sion of FER1L4 significantly downregulated the expression 
levels of MMP‑2 and MMP‑9 compared with the control 
group. These results suggested that the overexpression of 
FER1L4 may inhibit the migration and invasion of the Tu 686 
cell line.

Overexpression of FER1L4 promotes apoptosis in the Tu 686 
cell line. The results of the flow cytometric analysis revealed 
that the levels of apoptosis were significantly increased in 
the plasmid‑FER1L4 group compared with the control group 
(Fig. 4A and B). The detection of apoptosis‑related proteins 
using western blotting demonstrated that FER1L4 overexpres-
sion significantly downregulated the expression levels of Bcl‑2, 
while it significantly upregulated the expression levels of Bax, 
caspase‑3 and caspase‑9 compared with the control group 
(Fig. 4C). These results indicated that the overexpression of 
FER1L4 may promote the apoptosis of Tu 686 cells.

Figure 2. Overexpression of FER1L4 inhibits the cell proliferation and viability in the Tu 686 cell line. (A) Transfection efficiency of plasmid‑FER1L4 was 
analyzed using reverse transcription‑quantitative PCR. ***P<0.001 vs. control. (B) Cell Counting Kit‑8 assay was used to determine the cell viability at 24, 
48 and 72 h. *P<0.05 vs. control at 48 h; **P<0.01 vs. control at 72 h. (C) Colony formation assay was used to analyze the cell proliferation ability. FER1L4, 
fer‑1‑like family member 4; lncRNA, long non‑coding RNA; OD, optical density; NC, negative control.
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FER1L4 inhibits the AKT/ERK signaling pathway in the 
Tu 686 cell line. To further elucidate the regulatory mecha-
nism of FER1L4 on the proliferation of LSCC cells, the 
relationship between FER1L4 and the AKT/ERK signaling 
pathway was investigated. Compared with the control group, 
the overexpression of FER1L4 significantly downregulated the 
expression levels of p‑AKT/AKT, p‑ERK/ERK, p‑p38/p38 and 
p‑JNK/JNK (Fig. 5).

Overexpression of FER1L4 inhibits cell viability and prolif‑
eration and promotes apoptosis by downregulating the 
AKT/ERK signaling pathway in the Tu 686 cell line. To further 
investigate whether FER1L4 was involved in regulating the 
proliferation and apoptosis of LSCC cells via the AKT/ERK 
signaling pathway, IGF‑1, an agonist of AKT and ERK, was 
used to treat the transfected cells for follow‑up experiments. 
After the plasmid‑FER1L4 group was treated with IGF‑1, the 
cell viability at all times points and the number of colonies 
formed increased compared with the plasmid‑FER1L4 group 
(Fig. 6A and B). In the experiments conducted to examine cell 
apoptosis, the levels of apoptosis were significantly reduced 
in the IGF‑1 + plasmid‑FER1L4 group compared with the 

plasmid‑FER1L4 group (Fig. 6C and D). Western blotting 
results also demonstrated that the expression levels of Bcl‑2 
in the IGF‑1 + plasmid‑FER1L4 group were significantly 
upregulated, while the expression levels of Bax, caspase‑3 and 
caspase‑9 were significantly downregulated, compared with 
the plasmid‑FER1L4 group (Fig. 6E). Based on these results, it 
was suggested that the overexpression of FER1L4 may inhibit 
the viability and proliferation, while promoting the apop-
tosis of Tu 686 cells through downregulating the AKT/ERK 
signaling pathway.

Discussion

The present study investigated the expression levels and biolog-
ical function of FER1L4 in LSCC cell lines, and the findings 
indicated that FER1L4 expression levels in AMC‑HN‑8 and 
Tu 686 cells were significantly downregulated. In addition, the 
overexpression of FER1L4 significantly suppressed the cell 
viability, proliferation, migration and invasion, while inducing 
apoptosis. It was further identified that FER1L4 could inhibit 
the progression of LSCC by potentially modulating the 
AKT/ERK signaling pathway.

Figure 3. Overexpression of FER1L4 inhibits cell migration and invasion in the Tu 686 cell line. (A) Cell migratory ability was analyzed using a wound 
healing assay (scale bar, 200 µm). (B) Semi‑quantification of the cell migration rate among the different groups. (C) Cell invasive ability was detected using a 
Transwell assay (scale bar, 100 µm). (D) Semi‑quantification of the cell invasive rate among the different groups. (E) Effect of the overexpression of FER1L4 
on the protein expression levels of MMP‑2 and MMP‑9 in Tu 686 cells was determined using western blotting. ***P<0.001 vs. control. FER1L4, fer‑1‑like family 
member 4; NC, negative control; MMP, matrix metalloproteinase.



JIAO et al:  ROLE OF FER1L4 IN LARYNGEAL CANCER 5309

Figure 5. FER1L4 inhibits the AKT/ERK signaling pathway in the Tu 686 cell line. Effect of the overexpression of FER1L4 on the expression levels of 
p‑AKT/AKT, p‑ERK/ERK, p‑p38/p38 and p‑JNK/JNK. *P<0.05, **P<0.01 and ***P<0.001 vs. control. FER1L4, fer‑1‑like family member 4; NC, negative 
control; p‑, phosphorylated.

Figure 4. Overexpression of FER1L4 promotes apoptosis in the Tu 686 cell line. (A) Flow cytometric analysis of apoptosis in Tu 686 following the overexpres-
sion of FER1L4. (B) Quantification of the levels of apoptosis from part (A). (C) Effect of the overexpression of FER1L4 on the protein expression levels of 
Bcl‑2, Bax, caspase‑3 and caspase‑9 in Tu 686 cells was determined using western blotting. **P<0.01 and ***P<0.001 vs. control. FER1L4, fer‑1‑like family 
member 4; NC, negative control; PI, propidium iodide.
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LSCC is a malignant type of head and neck cancer (29). 
At present, the main clinical treatment for LSCC is surgical 
treatment; however, patients with LSCC often have a poor 

prognosis and quality of life due to the lack of effective treat-
ment options (30,31). Following increased in‑depth studies 
at the gene level, it has been identified that abnormal gene 

Figure 6. Overexpression of FER1L4 inhibits the cell proliferation and promotes apoptosis by downregulating the AKT/ERK signaling pathway in the Tu 686 
cell line. (A) Cell Counting Kit‑8 assay was used to determine the cell viability at 24, 48 and 72 h following the overexpression of FER1L4 in the presence or 
absence of IGF‑1 treatment. (B) Colony formation assay was conducted to detect the cell proliferative ability following the overexpression of FER1L4 in the 
presence or absence of IGF‑1 treatment. (C) Flow cytometric analysis of apoptosis in Tu 686 cells following the overexpression of FER1L4 in the presence or 
absence of IGF‑1 treatment. (D) Quantification of the levels of apoptosis from part (C). (E) Effects of IGF‑1 agonists on the expression levels of Bcl‑2, Bax, 
caspase‑3 and caspase‑9 in Tu 686 cells following the overexpression of FER1L4 was determined using western blotting. *P<0.05, **P<0.01 and ***P<0.001 vs. 
plasmid‑FER1L4. FER1L4, fer‑1‑like family member 4; NC, negative control; IGF‑1, insulin‑like growth factor‑1; PI, propidium iodide; OD, optical density.
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expression can lead to abnormal regulatory mechanisms of 
tumor growth, which subsequently triggers a large number 
of malignant cells to proliferate, while further reducing the 
occurrence of apoptosis  (32,33). Therefore, understanding 
the related genes, which are associated with oncogenesis, and 
their effects will contribute to the prevention, treatment and 
prognosis of LSCC.

It has been confirmed that the abnormal expression of 
lncRNA is associated with the pathogenesis of a variety of 
types of malignant tumors, including HCC (34), pancreatic 
cancer  (35) and colorectal cancer  (36). Thus, the complex 
regulatory mechanism of lncRNAs has resulted in widespread 
interest from medical researchers  (37,38). FER1L4 was 
discovered to be expressed in a diverse range of tumors; for 
example, previous studies have revealed that FER1L4 inhibited 
the tumor cell growth, proliferation, migration and invasion of 
various types of cancers, including HCC, ESCC, colon cancer, 
lung cancer, prostate cancer and gastric cancer  (22‑27). In 
addition, FER1L4 inhibited the proliferation and migration 
of HCC cancer cells by regulating the P13K/AKT signaling 
pathway (39). However, to the best of our knowledge, the expres-
sion levels and biological function of FER1L4 in LSCC remain 
to be investigated. The present study demonstrated, for the first 
time, that the expression levels of FER1L4 were downregu-
lated in the LSCC cell lines, AMC‑HN‑8 and Tu 686, in vitro. 
Further experimental results illustrated that the overexpression 
of FER1L4 significantly induced apoptosis and inhibited cell 
proliferation, viability, migration and invasion.

To further elucidate the molecular mechanism of FER1L4 
in regulating the proliferation, apoptosis, invasion and 
metastasis of LSCC cells, the present study focused on the 
association between FER1L4 and the AKT/ERK signaling 
pathway in LSCC. The AKT/ERK signaling pathway is one of 
the most important cellular signaling pathways for cell prolif-
eration and it has been reported to serve an important role 
in the occurrence and development of HCC (40), colorectal 
cancer (41) and ovarian cancer (42). The AKT/ERK signaling 
pathway has been identified to not only activate downstream 
signaling molecules, but also interact with other signaling 
molecules and result in a cascade activation (43,44). However, 
it is not clear whether FER1L4 also affects the biological 
phenotype of cell proliferation, migration, invasion and apop-
tosis by mediating the AKT/ERK signaling pathway in LSCC. 
In the present study, IGF‑1, an agonist of the AKT/ERK 
signaling pathway  (45), was used to regulate the effect of 
FER1L4 on cell function. The present study demonstrated 
that FER1L4 overexpression significantly downregulated the 
phosphorylation levels of AKT, ERK, p38 and JNK, which 
are proteins related to the AKT/ERK signaling pathway (46), 
in Tu 686 cells, whereas IGF‑1 reversed the inhibitory effects 
of FER1L4 overexpression on the phosphorylation levels 
of AKT, ERK, p38 and JNK, and alleviated the effects of 
FER1L4 overexpression on cell viability, proliferation and 
apoptosis. These results preliminarily suggested that FER1L 
may inhibit the proliferation, migration and invasion, while 
promoting the apoptosis of Tu 686 cells via inhibiting the 
AKT/ERK signaling pathway. However, there are a number of 
limitations of the present study; for example, the current study 
did not investigate whether there was a difference in the role 
of FER1L4 in vivo and in vitro, whether the downregulated 

expression levels of FER1L4 were related to the prognosis 
of patients with LSCC or how FER1L4 further affected the 
AKT/ERK signaling pathway through the regulation of down-
stream genes. Therefore, the expression levels of FER1L4 in 
LSCC tissues and a more detailed study of the specific effects 
and mechanism of FER1L4 remain to be determined in LSCC.

In conclusion, the present study demonstrated that FER1L4 
overexpression inhibited the proliferation, migration and inva-
sion, and induced apoptosis of Tu 686 cells, thus inhibiting 
the development of LSCC, which was indicated to potentially 
occur through inhibiting the AKT/ERK signaling transduc-
tion pathway. These findings suggested that FER1L4 may be 
a promising biological target for the gene therapy of LSCC.
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