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FSCN1 promotes proliferation, invasion
and glycolysis via the IRF4/AKT signaling
pathway in oral squamous cell carcinoma
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Abstract

Background Oral squamous cell carcinoma (OSCC) is a disease with increasing incidence worldwide that leads to
deformity and death. In OSCC, fascin actin-bundling protein 1 (FSCN1) is an oncogene involved in the tumorigenesis
process. However, the functions and potential mechanisms of FSCN1 in the OSCC tumorigenesis process have not
been reported thus far.

Methods We used gRT-PCR to detect the expression of FSCN1 in 40 paired OSCC tumor tissues (tumor) and
neighboring noncancerous tissues. The role of FSCN1 was also assessed in vitro through colony formation, CCK-8, and
transwell assays. Moreover, glucose consumption was detected. Western blotting was used to confirm the interaction
of FSCN1, IRF4 and AKT.

Results FSCN1 was remarkably overexpressed in OSCC tissues and cell lines compared to corresponding controls.

In addition, colony formation, CCK-8, and transwell assays revealed a notable reduction in OSCC growth and invasion
when FSCN1 was silenced. FSCN1 silencing remarkably suppressed OSCC glycolysis. Mechanistic studies showed that
FSCN1 achieves its function partially by activating interferon regulatory factor 4 (IRF4) and the AKT pathway in OSCC.
Conclusion In conclusion, our study investigated the functions and mechanisms of the FSCN1/IRF4/AKT pathway in
OSCC progression. In OSCC, FSCN1 is likely to be a biomarker and therapeutic target.
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Introduction

Oral squamous cell carcinoma (OSCC) is a disease with
increasing incidence worldwide that leads to deformity
and death [1]. Recently, the incidence and mortality rates
of OSCC are increasing worldwide, and this increase
in mortality rate is associated with regional and distant
metastasis, which leads to a worse prognosis [2]. Despite
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Fascin actin-bundling protein 1 (FSCN1) belongs to
the fascin family of proteins that bind to actin [4]. FSCN1
serves as an important regulator in cell migration and
cell-to-cell interactions [5, 6]. Overexpression of FSCN1,
which promotes cell migration, has been reported to be
associated with cancer metastasis in many studies [7].
For example, in ovarian cancer, FSCN1 promotes epithe-
lial-mesenchymal transition (EMT) by interacting with
and increasing the expression levels of snaill [8]. In hepa-
tocellular carcinoma, FSCN1 is overexpressed, and by
promoting EMT, FSCN1 increases the chemoresistance
capacity of hepatocellular carcinoma [9].

In OSCC, FSCNI1 is identified as an oncogene involved
in the tumorigenesis process. Amplification and mRNA
upregulation of FSCN1 was found in OSCC [10]. In addi-
tion, FSCN1 expression levels were related to the progno-
sis of patients with OSCC, and patients with high FSCN1
expression had poorer outcomes than patients with low
FSCNI1 expression [11]. There are, however, no reports
on the functions and potential mechanisms of FSCN1 in
OSCC tumorigenesis.

In this study, we aimed to examine the expression pat-
terns of FSCN1 in OSCC cell lines and tissues as well as
its biological functions in processes including prolifera-
tion, invasion, and glycolysis. Moreover, we investigated
the underlying mechanisms by which FSCN1 functions
in the OSCC tumorigenesis process, which should shed
some light on the potential of FSCN1 as a diagnostic bio-
marker and therapeutic target molecule for OSCC.

Materials and methods

Cell culture

Human normal oral keratinocytes (HNOK) and human
OSCC cell lines (SCC9, SCC15, SCC25, HN4, HSC3,
HSC6 and CAL27) were purchased from ATCC (USA)
and maintained at 37 °C and 5% CO,,. Cells were grown in
DMEM (HyClone) supplemented with 10% FBS (Gibco).
Mycoplasma infection and cell line authenticity were ver-
ified by DNA fingerprinting before use.

Tissue specimens

Forty paired OSCC tissue specimens (Tumor) and neigh-
boring noncancerous tissue specimens (Normal) were
obtained during surgery at Sun Yat-sen University Can-
cer Center. Fresh tissues were stored in TRIzol (Invit-
rogen, USA) immediately after being cut and were used
for subsequent qRT-PCR assays. In accordance with its
ethical approval, this study was conducted at Sun Yat-sen
University Cancer Center and was carried out in accor-
dance with the Declaration of Helsinki. Written informed
consent was provided by all patients.
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qRT-PCR
Total OSCC cell and tissue RNA was obtained by TRIzol
(Invitrogen). With the SYBR Premix Ex Taq kit (Takara,
China), mRNA expression was detected on an Applied
Biosystems 7500 Fast Real-Time PCR System. The fol-
lowing primers were synthesized by Life Technologies:
FSCN1 forward, 5-CCAGGGTATGGACCTGTCTG-3;
reverse, 5-GTGTGGGTACGGAAGGCAC-3; GAPDH
forward, 5-ACAACTTTGGTATCGTGGAAGG-3;
reverse, 5-GCCATCACGCCACAGTTTC-3. The rela-
tive gene expression levels were calculated with the
2788CT formula with GAPDH as the internal reference.

Cell transfection

Briefly, si-FSCN1#1 (5-GCGCCUACAACAU-
CAAAGA-3), si-FSCN1#2 (5-GCCCAUGAU-
AGUAGCUUCA-3), si-FSCN1#3
(5-GCAGCCUGAAGAAGAAGCA-3) or the appropri-
ate control si-NC (GeneCopoeia, USA) was transiently
transfected into the SCC15 and HSC3 cell lines (Lipo-
fectamine 3000, Invitrogen). The cells were collected and
subjected to further experiments 48 h later.

ShRNA construction and lentiviral infection

GeneCopoeia synthesized FSCN1 shRNAs, and the
Lenti-PacTM HIV Expression Packaging Kit (Gene-
Copoeia) was used to generate lentiviruses expressing
sh-FSCN1. SCC15 and HSC3 cell lines were infected
with lentiviruses using Lipo3000. SCC15-sh-FSCN1 and
HSC3-sh-FSCN1 cells were selected with puromycin
(2 pg/mL) and subjected to further experiments.

CCK-8 assay

SCC15-sh-FSCNI1 cells, HSC3-sh-FSCN1 cells and con-
trol cells were seeded in 96-well plates (3000 cells/well).
Forty-eight hours later, 10 ul CCK-8 solution (Dojindo,
Japan) was added. Finally, the absorbance at 450 nm was
detected 2 h later using a microplate reader.

Colony formation assay

SCC15-sh-FSCNI1 cells, HSC3-sh-FSCN1 cells and con-
trol cells were seeded in six-well plates (1000 cells/well).
Fourteen days later, methanol was used to fix the colo-
nies for 30 min, and crystal violet (0.1%) was used to stain
them for 30 min. The number of colonies was counted
and averaged in three independent experiments.

Transwell assay

SCC15-sh-FSCN1 cells, HSC3-sh-FSCN1 cells and con-
trol cells were resuspended in serum-free medium and
seeded into 24-well transwell chambers (1x10* cells/
well) precoated with Matrigel (BD Bioscience, USA) for
the invasion assay. A 20% FBS solution was added to the
lower chamber, while medium without FBS was added to
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the upper chamber. After 24 h of incubation, the invaded
cells were fixed with cold methanol, and crystal violet
(0.1%) was used to stain the invaded cells for 20 min. The
number of invaded cells was quantified in five randomly
selected fields under a light microscope.

Glycolytic metabolism detection

Glucose consumption was detected by the Glucose Test
Kit (Biovision, USA). SCC15-sh-FSCN1 cells, HSC3-
sh-FSCNT1 cells and control cells were seeded (1x10°
cells/well each), and glucose concentration reduction
was detected with cell culture medium. Similarly, lac-
tate production was investigated with the Lactate Assay
Kit (Biovision). The ATP/ADP ratio was detected by the
ApoSENSOR ADP/ATP Ratio Assay Kit (Biovision) [12].

Western blotting

Total OSCC cell proteins were extracted with PMSF and
RIPA lysis buffer (Sigma, USA), and the protein con-
centration was determined with a Pierce BCA protein
assay kit. Proteins were subjected to 12% SDS-PAGE and
transferred onto a PVDF membrane. The membrane was
blocked with 5% skim milk powder for 2 h at room tem-
perature. Then, primary antibodies against the following
proteins were added for incubation overnight at 4 °C:
FSCN1 (1:1000, #ab126772, Abcam, USA), IRF4 (1:500,
#sc-6059, Santa Cruz Biotechnology, USA), AKT (1:500,
#9272, CST, USA), p-AKT (1:500, #9271, CST), E-cad-
herin (1:1000, #3195, CST), Vimentin (1:1000, #5741,
CST) and GAPDH (1:1000, #AF7021, Affinity, USA).
Next, the membrane was incubated with HRP-linked sec-
ondary antibody (1:3000, #7074S, CST) for 2 h at room
temperature. The final step in the process was to visual-
ize and quantify the target proteins (ECL New England
Biolabs, USA), and relative grayscale quantification was
conducted with Image]J software. The blots were cut prior
to hybridization with antibodies. The original western
blotting images are provided in the Supplementary Data.
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Statistical analysis

All experiments were repeated at least three times. Anal-
yses were conducted using GraphPad Prism 9.0 software.
For paired continuous variables in homologous pairing
design, we conduct a normality test on the difference of
paired variables using the Shapiro-Wilk test. T tests and
one-way variance analyses were employed. All data are
presented as the meantstandard deviation. Statistics are
considered significant when P<0.05.

Results

FSCN1 expression is elevated in OSCC

FSCN1 participates in the tumorigenesis process of a
variety of cancers. However, the functions and underly-
ing mechanisms of FSCN1 in OSCC remain unreported.
Studies have revealed that FSCNI1 is overexpressed in
OSCC and correlated with survival outcomes [10, 11].
Here, qRT-PCR assays were conducted to assess FSCN1
expression patterns in OSCC. The results showed that
compared to human normal oral keratinocytes (HNOK),
ESCN1 was elevated in OSCC cell lines, particularly in
SCC15 and HSC3 cells (Fig. 1A). Moreover, we also veri-
fied FSCN1 expression in forty paired OSCC tissue speci-
mens and neighboring noncancerous tissue specimens.
The results revealed that the FSCN1 expression level was
remarkably elevated in OSCC tissues (4.00+£2.29) com-
pared to neighboring noncancerous tissue specimens
(1.38+0.66) (Fig. 1B).

FSCN1 inhibition suppressed OSCC proliferation and
invasion

Due to the overexpression of FSCN1 in OSCC, we
designed three siRNAs to reduce the level of FSCNI1 in
SCC15 and HSC3 cell lines to investigate its function.
As Fig. 2A shows, FSCN1 levels were markedly reduced
after transfection with si-FSCN1#3, which was used as
the siRNA for further experiments. CCK-8 proliferation
assays illustrated that FSCN1 inhibition dampened the
proliferation capacity of OSCC cells (Fig. 2B). In addition,
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Fig. 1 FSCNT1 expression is elevated in OSCC. (A) FSCN1 expression in OSCC cell lines. (B) FSCN1 expression in 40 paired OSCC tissue specimens and
neighboring noncancerous tissue specimens. Data are expressed as the mean +SD. **P < 0.01
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Fig. 2 FSCN1 inhibition suppressed cell proliferation and invasion in OSCC. (A) The knockdown efficacy of siRNAs was detected in SCC15 and HSC3 cell
lines. (B) CCK-8 analysis to assess the cell proliferation ability after knockdown of FSCN1 expression. (C) Colony formation assay was used to assess the cell
proliferation ability. (D) Statistics for the colony formation assay. (E) Transwell images of SCC15 and HSC3 cell lines. (F) The number of invasive cells was
quantified by Imagel. Data are expressed as the mean +SD. **P<0.01, *P<0.05
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Fig. 3 Knockdown of FSCN1 suppressed OSCC glycolysis. (A) Glycolytic metabolism was analyzed by glucose consumption. (B) Glycolytic metabolism
was analyzed based on lactate production. (C) Glycolytic metabolism was analyzed based on the ratio of ATP/ADP. Data are expressed as the mean +SD.
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inhibition of FSCN1 evidently suppressed the colony for-
mation of OSCC cells (Fig. 2C and D). Finally, transwell
assays revealed that FSCNI1 inhibition diminished the
invasion capacity of OSCC cells (Fig. 2E F).

Knockdown of FSCN1 suppressed OSCC cell glycolysis

Glycolysis is one of the key hallmarks of cancer and is
essential for tumor growth [13]. Recently, studies have
reported that glycolysis deregulation is involved in the
OSCC tumorigenesis process [14]. However, the func-
tions of FSCN1 in the OSCC glycolysis process have not
been reported thus far. To assess the impact of FSCN1 on

cell glycolytic metabolism in OSCC, SCC15-sh-FSCN1
cells, HSC3-sh-FSCNI1 cells and control cells were sub-
jected to glucose consumption, lactate production and
ATP/ADP ratio assays. The results illustrated that FSCN1
knockdown notably decreased glucose consumption lev-
els (Fig. 3A), lactate production levels (Fig. 3B) and the
ATP/ADP ratio (Fig. 3C) in OSCC cells. All the above
results revealed that downregulation of FSCN1 could
suppress the glycolysis process of OSCC.
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FSCN1 regulates OSCC progression via the IRF4/Akt
signaling pathway

Next, we continued to explore the potential mechanism
of FSCNI1 in the OSCC tumorigenesis process. Through
bioinformatics analysis, we found that FSCN1 could
interact with interferon regulatory factor 4 (IRF4), which
is related to immunological disorders as well as oncogen-
esis [15]. For instance, in non-small cell lung cancer, IRF4
is overexpressed and enhances tumorigenesis partially
through Notch-Akt signaling [16]. Thus, we detected
whether FSCN1 silencing suppressed IRF4-AKT signal-
ing activation. The results suggested that FSCN1 inhibi-
tion notably reduced the expression of IRF4 in OSCC
cells (Fig. 4A and B). In addition, the phosphorylation
level of AKT was reduced by FSCNI1 inhibition, while
the overall expression levels of AKT were not affected
(Fig. 4A and B). Moreover, FSCN1 inhibition in OSCC
cells obviously increased E-cadherin expression and
decreased vimentin expression (Fig. 4A and B). Taken
together, these results revealed that FSCN1 participates
in the OSCC tumorigenesis process partly by promoting
IRF4-AKT pathway activation.

Discussion

OSCC is indeed the most common cancer in the oral
cavity worldwide, and it has a poor prognosis and a high
mortality rate [17]. Even with recent advances in treat-
ments, such as targeted drugs and immunotherapy, the
long-term prognosis is poor. Due to the limited treat-
ment options for late-stage OSCC, the survival outcome
is poor due to cancer metastasis, recurrence and drug
resistance [18]. Hence, we need more comprehensive
investigations of the mechanism of OSCC tumorigenesis
to explore effective treatments to improve the outcome
of OSCC.

57 kDa

37 kDa
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FSCN1 is upregulated in multiple cancers and is related
to cancer metastasis and a poor prognosis [19-22]. In
OSCC, FSCNI1 is also upregulated and associated with
advanced clinical stage [23, 24]. So far, there have been
only a few studies that involve the role of FSCN1 in
OSCC. FSCN1 has been reported to regulate migration
[25] and cell—cell contact [26] to promote OSCC progres-
sion. However, the exact mechanisms of FSCN1 deregula-
tion and functions in OSCC are still under investigation.
Further experimental verification is needed. Here, we
investigated FSCN1 expression patterns in OSCC cells as
well as tissues and found that OSCC cells expressed high
levels of FSCN1 (Fig. 1). Subsequent functional experi-
ments revealed that FSCN1 inhibition suppressed OSCC
cell proliferation and invasion (Fig. 2).

Emerging studies have demonstrated that the molecu-
lar pathogenesis of OSCC is complex, involving dysregu-
lated metabolites [27], which is one of the hallmarks of
cancer [28]. The Warburg effect is observed in OSCC
due to the requirement of a robust glucose supply to fuel
cancer growth and proliferation [29, 30]. Hypoxia-related
glucose metabolism, also known as glycolysis, is corre-
lated with OSCC carcinogenesis. Inhibition of glycolysis
might therefore serve as a potential adjuvant strategy in
OSCC [31].

FSCNI1 has been reported to increase cell glycolysis
to promote tumor growth and metastasis through the
YAP1-PFKFB3 axis in lung cancer [32]. However, the
functions of FSCN1 in the OSCC glycolysis process have
not yet been reported. Here, we showed that FSCN1 inhi-
bition suppressed OSCC glycolysis by decreasing glucose
consumption levels, lactate production levels and the
ATP/ADP ratio (Fig. 3). All the above results illustrate
that FSCNI1 plays an essential role in the OSCC glycolysis
process.
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Fig. 4 FSCN1 regulates OSCC progression via the IRF4/Akt signaling pathway. (A) SCC15 and HSC3 cells were subjected to western blotting assays. (B)
The expression levels in the western blotting assay were quantified by ImageJ software. Data are expressed as the mean+SD. **P<0.01, *P<0.05
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Next, we further investigated the mechanism involv-
ing FSCN1 in OSCC progression. Through bioinformat-
ics analysis, we found that FSCN1 could interact with
IRF4, which is involved in the oncogenesis of multiple
cancers. For instance, IRF4 upregulation was correlated
with survival outcomes in head and neck squamous car-
cinoma [33]. In cholangiocarcinoma, IRF4 promotes can-
cer proliferation as well as metastasis by regulating PI3K/
AKT signaling [34]. However, no research has focused
on the relationship between FSCN1 and IRF4 in OSCC
thus far. Here, we revealed that FSCN1 silencing mark-
edly decreased the IRF4 expression level in OSCC cells
(Fig. 4).

In esophageal squamous cell carcinoma, FSCN1 was
reported to promote tumor progression by the AKT/
GSK3p signaling pathway [35]. Moreover, in lung ade-
nocarcinoma, FSCN1 promotes tumor development
through PI3K/AKT signaling [36]. Notably, in OSCC,
PGK1 promotes cell glycolysis and EMT by activating
AKT signaling [37]. B7-H3 promotes OSCC progres-
sion and the glycolytic metabolic program via PI3K/Akt/
mTOR signaling [38]. However, the relationship between
FSCNI1 and AKT in OSCC has not yet been reported. In
this study, we showed that FSCN1 knockdown decreased
phosphorylated AKT levels, showing that FSCN1 may
contribute to OSCC progression partly through an AKT-
dependent pathway (Fig. 4).

In summary, our study revealed the important role that
FSCN1 plays in OSCC. FSCN1 is overexpressed and acts
as a promoter of OSCC proliferation, invasion, and gly-
colysis partially via IRF4-Akt signaling activation. Hence,
it is possible that FSCN1 could be used as a treatment
target as well as a biomarker for OSCC. Further research
is needed to validate and optimize these findings for the
future development of an FSCN1-targeted strategy for
OScCcC.

Conclusions

FSCNI1 expression is markedly higher in OSCC tissues
than in normal tissues. FSCN1 silencing suppressed
OSCC proliferation, invasion and glycolysis partially via
a reduction in IRF4/AKT activation. Despite the lack of
clarity regarding the detailed mechanism, this study clar-
ified the crucial biological role played by FSCN1 during
OSCC tumorigenesis. OSCC might benefit from the use
of FSCN1 as both a biomarker and a target molecule.
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