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Abstract

Background Long non-coding RNAs (IncRNAs) participate in the initiation and progression of oral squamous cell carcinoma
(OSCC). Although IncRNA LINCO00174 plays key roles in multiple cancers, its function in OSCC has not yet been reported.
This study aimed to clarify LINC00174 function and mechanism of action in OSCC.

Methods Expression analyses of LINC00174, miR-486-5p, and EIF5SA2 mRNA were performed using RT-qPCR. EIF5SA2
protein levels were quantified using western blot. Cell growth was investigated by performing CCK-8 and colony formation
assays. Cell migration was investigated using wound healing assays. In vivo tumor formation and growth were determined
by establishing animal models. The putative binding association between miR-486-5p and LINC00174 or EIFSA2 was veri-
fied using dual-luciferase or RIP assays.

Results LINC00174 and EIF5A2 were overexpressed, while miR-486-5p was poorly expressed in OSCC. Knockdown of
LINCO00174 expression in OSCC cells impaired proliferation, colony formation, and migration. In animal models, too,
LINCO00174 absence decelerated tumor development. Further mechanistic investigation showed that LINC00174 acted as
a functional sponge of miR-486-5p and that miR-486-5p directly regulated the expression level of downstream EIF5A2.
Likewise, miR-486-5p depletion attenuated the inhibitory effects of LINC00174 or EIF5A2 knockdown on OSCC cell
malignancy due to their targeting relationship.

Conclusion LINC00174 is a driving factor in OSCC development by sponging miR-486-5p to regulate EIF5A2 expression.
The LINC00174/miR-486-5p/EIF5A2 axis in OSCC, which is revealed in this study, may provide a new molecular network
for understanding OSCC pathogenesis.
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Introduction

Oral squamous cell carcinoma (OSCC) is the most frequent
cancer of the head and neck. OSCC accounts for approxi-
mately 2% of all malignancies worldwide and 1.8% of can-
cer-related deaths (Sung et al. 2021). Disease development is
characterized by rapid proliferation, vascularization, and dis-
tant metastases (Jiang et al. 2020). Although the basic treat-
ments for OSCC, including surgical resection supplemented
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by radiotherapy and chemotherapy, have been well devel-
oped to date (Gharat et al. 2016), the 5-year survival rate is
only 50% (Ingaleshwar et al. 2016). Therefore, the complex
molecular processes underlying OSCC progression remain
to be fully understood.

Long non-coding RNAs (IncRNAs), which harbor more
than 200 nucleotides, are regarded as important modulators
of tumorigenesis through their effects on tumor cell behav-
iors, such as proliferation, invasion, and programmed death
(Jiang et al. 2021; Peng et al. 2017; Sun and Ye 2020). In
OSCC, IncRNA TUGI serves as a competing endogenous
RNA (ceRNA) that competes with DLX1 for miR-524-5p,
thereby enhancing the proliferative and migratory ability
of OSCC cells (Liu et al. 2019b). LINCO00319 is highly
expressed in OSCC, and downregulation of its expression
significantly inhibits angiogenesis, epithelial-mesenchymal
transition (EMT), and the proliferation of OSCC cells (Jiang
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et al. 2020). Although the significance of a large number of
IncRNAs in OSCC has been functionally characterized, the
function of many differentially expressed IncRNAs in OSCC
is still unknown. LINC00174 is a key regulator in multiple
cancers (Cheng et al. 2022; Li et al. 2022; Zhao et al. 2020).
LINCO00174 acts as a driving factor to promote the progres-
sion of glioma and thymic epithelial tumors (Shi et al. 2019;
Tito et al. 2020). However, the expression of LINC00174 is
reduced in non-small cell lung cancer and its overexpression
suppresses tumorigenesis (Cheng et al. 2022). To date, no
studies have revealed the function of LINC00174 in OSCC.

LncRNAs have been widely recognized to act as ceRNAs
to regulate microRNAs (miRNAs), thereby participating in
tumorigenesis (Guo et al. 2021; Kong et al. 2019; Wang
et al. 2019). miR-486-5p is a well-studied tumor suppres-
sor in many malignancies (He et al. 2019; Tian et al. 2019;
Zhang et al. 2016). According to a previous study, miR-
486-5p, which is regulated by LINCO01194, attenuates the
malignancy of non-small cell lung cancer (Xing et al. 2020).
miR-486-5p can also be sponged by IncRNA XIST to play
an inhibitory role in colorectal cancer (Liu et al. 2019a). In
OSCC, miR-486-5p expression has only been reported to be
reduced in salivary exosomes of patients (Faur et al. 2022).
However, the specific regulatory mechanism and function of
miR-486-5p in OSCC are still unknown.

Eukaryotic initiation factor-5A2 (EIF5A2), located
on human chromosome 326, is an oncogene in multiple
cancers (Guan et al. 2001; Zhao et al. 2021; Zhong et al.
2020). Accumulating evidence has revealed that EIFSA2
can enhance xenograft tumor growth, promote cancer
cell metastasis, and induce chemotherapeutic drug resist-
ance (Tang et al. 2010; Yang et al. 2015; Zhu et al. 2012).
EIF5A2 overexpression has been associated with unfavora-
ble 5-year survival rate, advanced N values, and the pres-
ence of EMT markers in 272 patients with OSCC (Lin et al.
2020). Therefore, we believe that regulating EIF5A2 expres-
sion may affect the progression of OSCC; this needs further
validation.

The goal of the present study was to confirm LINC00174
expression patterns and function in OSCC. Our findings
enrich the understanding of IncRNA regulatory mechanisms
in OSCC progression and provide a potential biomarker for
OSCC treatment.

Materials and methods

Tissue samples

The Hubei Provincial Hospital of Traditional Chinese
Medicine Institutional Review Board approved this study

(approval number: HBZY2022-C34-07). All procedures
involving the use of human samples were performed in
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accordance with the Declaration of Helsinki. A total of
38 OSCC tumor samples and paired non-cancerous nor-
mal samples were surgically removed from patients with
OSCC at our hospital. Written informed consent was sup-
plied by each patient. Following resection, tissue samples
were instantly frozen in liquid nitrogen and kept in freezers
at—80 °C. Table 1 lists the characteristics of 38 patients
with OSCC.

Cell culture and transfections

We purchased OSCC cells (SCC-4, SCC-9, and Cal-27) and
non-cancerous oral cells (HIOEC) from BeNa Co., Ltd. (Bei-
jing, China). The SCC-9 cells were cultivated with RPMI
1640 (BeNa Co., Ltd) supplemented with 10% FBS (BeNa
Co., Ltd), and the HIOEC and SCC-4 and Cal-27 cells were
cultivated in DMEM (BeNa Co., Ltd) supplemented with
10% FBS, in a 37 °C incubator containing 5% CO,.
GeneChem (Shanghai, China) created and distributed
small-interfering RNAs against LINC00174 (si-LINC00174)
or EIF5SA2 (si-EIF5A2) as well as a matching negative con-
trols (si-NC). The LINC00174 overexpression vector (Inc-
OE) was provided by GeneChem using pcDNA3.1, and a
pcDNA3.1 empty vector was used as negative control (NC-
OE). miR-486-5p mimics (miR-486-5p), miR-486-5p inhibi-
tors (inhibitor), and matched negative controls (miR-NC and
inhibitor-NC) were purchased from RiboBio (Guangzhou,
China). For cell transfection, 50 nM si-LINC00174, 50 nM

Table 1 Clinicopathologic features of patients (N=38)

Characteristics No. of patients No. %
Age (years)

>60 25 65.79

13 34.21

Gender

Male 31 81.58

Female 7 18.42
Tumor size (cm)

<2 30 78.95

2 8 21.05
TNM stage

I 12 31.58

1T 11 28.95

I 8 21.05

v 7 18.42
Differentiation

Well 24 63.16

Moderately/poorly 14 36.84
Local invasion

No 29 76.32

Yes 9 23.68
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si-EIFSA2, 75 nM miR-486-5p, 75 nM inhibitor, and their
matched negative controls (50 nM si-NC, 75 nM miR-NC,
and 75 nM inhibitor-NC) were transfected into SCC-4 and
SCC-9 cells using Lipofectamine 3000 (Invitrogen, Carls-
bad, CA, USA). After transfection, the cells were cultured
for 48 h and then collected for detection of transfection effi-
ciency using RT-qPCR or western blot.

RT-qPCR

A commercial TRIzol reagent (Invitrogen) was used to
obtain total RNA. Subsequent reverse transcription of RNA
was conducted using the QuantiTect Reverse Transcrip-
tion Kit (Qiagen, Duesseldorf, Germany) or the miRNA
Reverse Transcription Kit specific to miRNAs (Qiagen).
The diluted cDNA was detected using qPCR with the use of
SYBR Premix Ex Taq II (Takara, Dalian, China) according
to the protocol guidelines (95 °C for 30 s followed by 40
cycles of 90 °C for 5 s and 60 °C for 30 s) on a LightCycler
96 thermocycler (Roche, Basel, Switzerland). GAPDH (for
IncRNA and mRNA) or U6 (for miRNA) were used as the
internal reference. The Ct values were processed using the
2744C method. The primers used are presented in Table 2.

Subcellular localization assay

Using a PARIS kit (Invitrogen), cytoplasmic and nuclear
RNA were extracted from SCC-4 and SCC-9 cells, respec-
tively, to determine whether LINC00174 is localized in the
cytoplasm or nucleus. Briefly, 500 pL ice-cold cell disrup-
tion buffer was added to 1x 10° cells followed by incubation
on ice for 5 min. After centrifugation at 500xg, the cell
supernatant containing the cytoplasmic fraction and the pel-
let containing the nuclear fraction were collected. Finally,
total RNA was isolated from the cytoplasm and nucleus,
and northern blotting was performed to confirm LINC00174
localization.

Table 2 Real-time PCR primer synthesis list

Gene Sequences
LINCO00174 Forward 5-AATTCCTGTCTCCCGTTGGC-3'
Reverse 5-GGAGCTGGGCAGAAGAGTTT-3'
miR-486-5p Forward 5-CTCGCTTCGGCAGCACA-3'
Reverse  5-ACGCTTCACGAATTTGCGT-3'
EIF5A2 Forward 5'-CTTTCAGCCTGTGTAGGGCA-3'
Reverse  5-GTTGCATGTGGCCACCAAAA-3’
[8[) Forward 5'-CTCGCTTCGGCAGCACA-3'
Reverse  5-AACGCTTCACGAATTTGCGT-3'
GAPDH Forward 5-AGAAAAACCTGCCAAATATGATGA

C-3'

Reverse  5-TGGGTGTCGCTGTTGAAGTC-3’

CCK-8 assay

The transfected cells were seeded into 96-well plates
(5x10° cells/well) and cultured at a 37 °C environment with
5% CO,. Cells in different wells were administered 10 pL
CCK-8 solution (Beyotime, Shanghai, China) at 0, 24, 48,
and 72 h. After treating the cells with CCK-8 for 2 h, the
absorbance at 450 nm was measured in different wells using
a microplate reader (BioTek, USA).

Colony formation assay

The transfected cells were plated into 6-well plates (300
cells/well) and maintained at a 37 °C environment with 5%
CO,. The cell medium was refreshed every three days. After
maintaining the cells for 14 days, cell colonies (> 50 cells)
were immobilized using 4% paraformaldehyde (Beyotime)
and stained using 0.5% crystal violet (Beyotime). Finally, the
colonies were photographed under an inverted microscope
(Olympus, Tokyo, Japan).

Wound healing (scratch) assay

Confluent monolayers of cells were cultivated in 24-well
plates until they reached >90% confluence. A simulated
wound was generated in the monolayer with a 200-uL pipette
tip. Serum-free medium was used to sustain the cells for
24 h. The extent of wound healing was photographed under
an inverted microscope (Olympus) at the 0 and 24 h time
points.

Xenograft models

The animal studies were approved by the Ethics Commit-
tee of the Hubei Provincial Hospital of Traditional Chinese
Medicine (approval number: 202205019). Female BALB/c
nude mice (Vital River, Beijing, China) were housed in
an animal room without pathogens. To create subcutane-
ous tumor models, SCC-4 cells were suspended in 100 pL
of phosphate-buffered saline (PBS) and then injected into
mice (2% 10° cells/mouse; n=>5 per group) after infection
with lentivirus-packaged sh-Inc (short-hairpin-RNA target-
ing LINC00174; Geneseed, Guangzhou, China) or sh-NC.
Tumor volume (length X width? x 0.5) was documented every
week. At 5 weeks post-injection, the animals were eutha-
nized and the tumor tissues were harvested.

Dual-luciferase assay
As the WT reporter vector of LINC00174 or EIF5A2, a
sequence segment of the 3'UTR of LINC00174 or EIF5A2

that included miR-486-5p binding sites was created and
inserted into the pmirGLO vector (Promega, Madison, W1,
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USA), downstream of the luciferase reporter gene. The MUT
reporter vector of LINC00174 or EIF5A2 was also created
using a sequence segment of the 3'UTR of LINC00174 or
EIF5A2 that featured site-directed mutagenesis of the antici-
pated miR-486-5p binding sites using the QuickMutation
Site-Directed Mutagenesis Kit (Beyotime). The WT or
MUT vector of LINC00174 or EIF5SA2 was co-transfected
with miR-486-5p or miR-NC into OSCC cells. The Dual-
Luciferase Reporter Assay System (Promega) was used to
measure luciferase activity after 48 h of cell maintenance.

RIP assay

A commercial RIP Assay Kit (Millipore, Billerica, MA,
USA) was used to investigate if Ago2 interfered with the
binding of miR-486-5p to LINC00174. In brief, 200 pL. RIP
lysis buffer was added to SCC-4 and SCC-9 cells, which
were then incubated for 5 min on ice. The lysates of SCC-4
and SCC-9 cells were then collected using centrifugation
at 500xg for 5 min and incubated with magnetic beads pre-
treated with anti-IgG (negative control) or anti-Ago2 over-
night at 4 °C. Next, the RNA samples were isolated from the
beads, and the levels of LINC00174 and miR-486-5p were
examined using RT-qPCR.

Western blot

RIPA buffer (Beyotime) was used to pull out the proteins, a
BCA kit (Beyotime) to measure protein concentration, and
10% SDS-PAGE to separate the proteins. The purified pro-
tein bands were deposited on PVDF membranes (0.22 pm
thickness) and the membranes were then blocked with 5%
non-fat milk at room temperature for 1 h. Next, the mem-
branes were incubated with primary antibodies against
GAPDH (ab%9485; 1/2500; Abcam, Cambridge, MA, USA)
or EIFSA2 (ab227537; 1/1000; Abcam). ECL reagent (Beyo-
time) was used to identify the protein signals on the mem-
branes after incubation with HRP-conjugated secondary
antibodies (ab205718; 1/20000; Abcam).

Statistical analysis

Using GraphPad Prism 8.0 (GraphPad, USA), the data from
three separate trials were collected and analyzed. The means
and standard deviations of the results are shown. The Stu-
dent’s ¢ test was used for comparisons involving two sets of
data, whereas analysis of variance was used for compari-
sons involving several groups. Fisher’s exact test was used to
analyze the correlation between LINC00174 expression and
clinical characteristics. The Pearson’s correlation test was
used to assess expression correlation. Differences at P <0.05
were deemed statistically significant.
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Results
LINC00174 with high expression in 0SCC

After collecting OSCC and adjacent normal tissues from
38 patients with OSCC, we used RT-qPCR to assess
LINCO00174 expression. The results showed that LINC00174
expression was upregulated by 6.3-fold in the OSCC sam-
ples compared to the normal samples (Fig. 1A). Statistical
analysis using Fisher’s exact test showed that LINC00174
expression correlated with TNM stage, differentiation, and
local invasion (Table 3). RT-qPCR revealed that LINC00174
expression was significantly enhanced in SCC-9, Cal-27,
and SCC-4 cells compared to that in HIOEC (Fig. 1B). Due
to the higher LINC00174 expression in SCC-4 and SCC-9
cells, we selected SCC-4 and SCC-9 cells as representative
OSCC cell lines for subsequent experiments. The subcellular
localization assay confirmed that LINC00174 was primarily
localized in the cytoplasmic fraction of SCC-4 and SCC-9
cells rather than in the nucleus (Fig. 1C). These data con-
firm that LINC00174, localized in the cytoplasm, exhibits
upregulated expression in OSCC.

LINC00174 absence blocked OSCC cell growth
and migration

In view of the overexpression of LINC00174 in OSCC, we
depleted LINCO00174 expression in OSCC cells to explore
its function by transfecting cells with si-LINC00174 (si-
Inc). RT-qPCR analysis showed that LINC00174 expres-
sion was reduced by 70% in the SCC-4 and SCC-9 cells
after si-Inc transfection (Fig. 2A). The CCK-8 assay verified
that the proliferative ability of OSCC cells in the absence of
LINCO00174 was markedly repressed (Fig. 2B). The colony
formation assay further confirmed that LINC00174 silencing
resulted in a decreased number of OSCC colonies (Fig. 2C).
In addition, the rate of migration of OSCC cells was notably
reduced after si-Inc transfection, implying that LINC00174
absence markedly restrained cell migration (Fig. 2D). In
short, LINC00174 absence restrains OSCC cell malignancy
in vitro.

LINC00174 expression depletion hindered tumor
development in vivo

To explore the effect of LINC00174 on OSCC develop-
ment in vivo, we inoculated nude mice (2 X 10° cells per
mouse, n=35 per group) with sh-LINC00174 (sh-Inc) or
sh-NC-infected SCC-4 cells. Consequently, we found that
tumor size in the sh-Inc-administered animals was notice-
ably smaller than that in the sh-NC-administered animals
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Fig. 1 LINCO00174 was overexpressed in OSCC. A The expression of
LINCO00174 in OSCC tumor tissues and normal samples was exam-
ined using RT-PCR. B LINCO00174 expression in HIOEC and OSCC
cells (Cal-27, SCC-4, and SCC-9) was evaluated using RT-PCR;

Table 3 The correlation between LINC00174 expression and charac-
teristics of patients

Characteristics LINC00174 expression P value
High (n=18) Low (n=20)

Age (years) 0.5064
>60 13 12
<60 5 8

Gender 0.6867
Male 14 17
Female 4 3

Tumor size (cm) 0.1171
<2 12 18
>2 6 2

TNM stage 0.0004
| 1 11
1T 4 7
I 6 2
v 7 0

Differentiation 0.0424
Well 8 16
Moderately/poorly 10 4

Local invasion 0.0067
No 10 19
Yes 8 1

Fisher’s exact test was used to perform statistical analysis

SCC-9

2: Nucleus

1: Cytoplasm

*#*P <0.01 versus HIOEC. C Subcellular localization of LINC00174
in the cytoplasm and nucleus of OSCC cells. All data derived from
three independent experiments

(Fig. 3A). In addition, the tumor volume and weight from
the mice in the sh-Inc group noticeably decreased (Fig. 3B,
C). These results demonstrate that LINC00174 depletion
impedes tumor growth in vivo.

LINC00174 may act as a functional sponge
of miR-486-5p

The starBase website predicted that LINC00174 pos-
sessed putative binding sites for miR-486-5p (Fig. 4A). The
dual-luciferase assay showed that luciferase activity was
reduced (by approximately 50%) only in OSCC cells co-
transfected with the miR-486-5p mimic and wild-type vec-
tor of LINC00174, suggesting the presence of binding sites
between LINCO00174 and miR-486-5p (Fig. 4B). The sub-
stantial enrichment of LINC00174 as well as miR-486-5p by
anti-Ago2 in the RIP assay serves as evidence that Ago?2 pri-
marily mediates the binding of LINC00174 to miR-486-5p
(Fig. 4C). In our collected clinical samples, compared to
normal samples, miR-486-5p expression levels in OSCC tis-
sues were reduced by 53% (Fig. 4D). miR-486-5p expression
levels also decreased by >50% in SCC-4 and SCC-9 cells,
compared to those in HIOEC (Fig. 4E). Pearson’s correla-
tion test showed that the level of miR-486-5p expression in
the OSCC samples inversely correlated with LINC00174
expression (Fig. 4F). After transfecting LINC00174 overex-
pression vectors into SCC-4 and SCC-9 cells, miR-486-5p
expression was downregulated by > 50% (Fig. 4G). Overall,
these results demonstrate that LINC00174 directly targets
miR-486-5p.
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Fig.2 LINCO00174 absence restrained OSCC cell growth and migra-
tion. A The siRNA-mediated inhibitory effect of LINC00174 on
SCC-4 and SCC-9 cells was assessed using RT-PCR. B The effect
of LINC00174 absence on cell proliferation was assessed using the
CCK-8 test. C The effect of LINC00174 absence on colony forma-
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Fig.3 LINCO00174 deficiency restrained OSCC tumor growth in
mouse models. A-C SCC-4 cells infected with lentivirus-packaged
sh-LINCO00174 (sh-Inc) or sh-NC in 100 pL PBS were injected into
mice (2x10° cells/mouse; n=5 per group). A Tumor tissues col-
lected from mice. B Tumor volumes were measured weekly to assess
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Fig.4 LINCO00174 targeted miR-486-5p. A LINCO00174 binding to
miR-486-5p was predicted using starBase. B The predicted binding
sites among LINCO00174 and miR-486-5p were validated using dual-
luciferase assays; **P <0.01 versus miR-NC. C The miR-486-5p con-
nection to LINC00174 was confirmed using RIP assays; **P <0.01
versus anti-IgG. D The miR-486-5p expression in tumor and normal
samples was evaluated via RT-qPCR. E RT-PCR was used to evalu-

LINC00174 absence reinforced miR-486-5p
expression and thus produced cancer-suppressive
effects in 0SCC

After transfecting OSCC cells with si-Inc and miR-486-5p
inhibitor, we detected that miR-486-5p levels were excep-
tionally strengthened by the si-Inc transfection but depleted
by the transfection of the miR-486-5p inhibitor (Fig. SA).
We then characterized the inhibitory role of miR-486-5p
and the effects of miR-486-5p on si-Inc-regulated OSCC cell
functions. miR-486-5p inhibition considerably strengthened
the proliferative, colony formation, and migratory capacity
of the SCC-4 and SCC-9 cells (Fig. 5SB-D). Interestingly, the

ate the expression of miR-486-5p in OSCC cells (SCC-4 and SCC-9)
and HIOEC, **P <0.01 versus HIOEC. F The relationship between
the expression levels of miR-486-5p and LINC00174 in tumor tissues
were assessed using the Pearson correlation test. G The miR-486-5p
expression in SCC-4 and SCC-9 cells transfected with LINC00174
overexpression vectors was evaluated via RT-qPCR. **P <0.01 ver-
sus NC-OE. All data derived from three independent experiments

promoting effects of the miR-486-5p inhibitor on OSCC cell
processes were partially abolished by LINC00174 absence;
the effect was evidenced by the promotion of prolifera-
tion, migration, and colony formation in si-Inc + inhibitor-
transfected OSCC cells compared with si-lnc-transfected
cells (Fig. 5B-D). These results suggest that LINC00174
absence represses OSCC cell functions via upregulation of
miR-486-5p expression.

miR-486-5p targeted EIF5A2

The frequently used bioinformatics tool TargetScan was
applied to determine the targets of miR-486-5p. miR-486-5p
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Fig.5 LINCO00174 absence restrained OSCC cell growth and migra-
tion by upregulating miR-486-5p expression. A miR-486-5p expres-
sion levels in SCC-4 and SCC-9 cells transfected with si-NC,
inhibitor-NC, si-Inc, inhibitor, or si-Inc +inhibitor. B CCK-8 assay
was conducted using these transfected cells to evaluate proliferation

was displayed to harbor binding sites on EIFSA2 3'UTR
(Fig. 6A). Luciferase activity in SCC-4 and SCC-9 cells co-
transfected with miR-486-5p mimic and EIF5A2 wild-type
vector was reduced, verifying the presence of binding sites
between miR-486-5p and EIF5A2 (Fig. 6B). RT-qPCR anal-
ysis showed that the EIF5SA2 mRNA expression increased
greatly in the OSCC compared to the normal samples, and
in SCC-4 and SCC-9 cells compared to HIOEC (Fig. 6C-D).
miR-486-5p expression in OSCC samples was passively
associated with EIFSA2 expression (Fig. 6E). Western
blot analysis showed that LINC00174 knockdown reduced
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EIF5A2 expression, while the miR-486-5p inhibitor elevated
EIF5A2 expression (Fig. 6F). These data indicate that miR-
486-5p targets EIF5A2.

miR-486-5p inhibition strengthened

EIF5A2 expression and thus attenuated

the cancer-suppressive effects of EIF5A2 knockdown
in 0SCC

After transfecting si-EIF5A2 and the miR-486-5p inhibi-
tor into OSCC cells, western blot assay showed that the
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Fig.6 miR-486-5p bound to EIF5A2. A The binding sites for miR-
486-5p on the 3'UTR of EIF5SA2 were ascertained using TargetScan
data. B The anticipated binding of miR-486-5p to EIF5A2 was con-
firmed using dual-luciferase assays; **P<0.01 versus miR-NC. C
The EIFSA2 mRNA expression level in tumor and normal samples
was evaluated using RT-PCR. D The mRNA expression level of
EIF5A2 in HIOEC and OSCC cells (SCC-9 and SCC-4) was evalu-
ated using RT-PCR, **P <0.01 versus HIOEC. E Pearson correlation

expression of the EIF5A2 protein was greatly impaired
by si-EIF5A2 transfection but strengthened by transfec-
tion with the miR-486-5p inhibitor (Fig. 7A). Regarding
functions, EIF5A2 knockdown considerably obstructed
SCC-4 and SCC-9 cell proliferative, migratory, and
colony formation abilities (Fig. 7B—D). However, the
suppressive effects of EIF5A2 silencing were largely
attenuated by miR-486-5p inhibition, evidenced by the
promotion of proliferation, migration, and colony forma-
tion in si-EIF5SA2 + inhibitor-transfected cells compared
to si-EIF5SA2-transfected cells (Fig. 7B-D). These data

was used to examine the relationship between the expression levels of
miR-486-5p and EIF5A2 in tumor samples. F EIF5A2 protein expres-
sion in SCC-4 and SCC-9 cells transfected with si-NC, inhibitor-
NG, si-Inc, inhibitor, or si-Inc +inhibitor was detected using western
blot. ¥¢P<0.01 versus si-Inc+inhibitor; **P<0.01 versus si-NC;
#P <0.01 versus inhibitor-NC. All data derived from three independ-
ent experiments

manifest that miR-486-5p governs EIF5SA2 expression to
regulate OSCC cell functions.

Discussion

Our current study reported that LINC00174 expression is
upregulated in OSCC and correlates with TNM stage, dif-
ferentiation, and local invasion. Silencing LINC00174 in
OSCC cells led to the inhibition of cell growth and migra-
tion in vitro and in vivo. Mechanically, we determined
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that LINC00174 targeted miR-486-5p and controlled miR-
486-5p expression, thereby regulating the targeted gene
EIF5A2 of miR-486-5p. The findings of this study reveal
that LINC00174 enhances OSCC malignancy by sponging
miR-486-5p to upregulate EIFSA2 expression (Fig. 8).

The functional role of LINC00174 in several cancers has
been established. For example, LINC00174 shows an ele-
vated expression pattern in colorectal cancer, and silencing
of LINCO00174 represses cell growth, solid tumor growth,
and temozolomide chemoresistance (Li et al. 2020; Shen
et al. 2018). LINC00174 is overexpressed in glioma and
its deficiency impairs glioma cell growth, survival, motil-
ity, and glycolysis metabolism (Shi et al. 2019). Aberrantly
high expression of LINC00174 has also been identified in
osteosarcoma, where LINC00174 downregulation blocks
cell growth, migration, and tumorigenesis (Zheng et al.
2021). However, in non-small cell lung cancer, LINC00174
expression is downregulated, indicating that LINC00174
plays an inhibitory role in tumorigenesis (Cheng et al. 2022).
The previous studies suggest that LINC00174 plays differ-
ent roles in different cancer types. Regarding OSCC, the

OSCC CELL

LINC00174 A

miR-486-5p

Proliferation
Colony formation
Migration

Oral squamous cell carcinoma
(OSCC)

Fig.8 The mechanism of action of the LINCO00174/miR-486-5p/
EIF5A2 axis in OSCC

function of LINCO00174 is still not elucidated. This study is
the first to confirm the elevated expression of LINC00174
in OSCC, and that silencing LINC00174 restrained OSCC
cell proliferative, migratory, and colony formation abilities
in vitro and tumor development in vivo. Furthermore, in
clinical samples from 38 patients with OSCC, we demon-
strated that LINC00174 expression correlated with TNM
stage, differentiation, and local invasion. Therefore, our
results clearly indicate that targeting LINC00174 may help
relieve tumorigenesis in OSCC.

Previous evidence suggests that LINC00174 can disturb
miRNA pathways by binding miRNA response elements,
and that these interactions are involved in the progression
of various cancers (Li et al. 2020; Shen et al. 2018; Shi
et al. 2019). Using the starBase database, dual-luciferase,
and RIP assays, we demonstrated that miR-486-5p binds
to LINC00174. Previous studies have revealed that miR-
486-5p plays an inhibitory role in multiple cancers by bind-
ing to different IncRNAs. For example, in colorectal cancer,
miR-486-5p binds to IncRNA NEAT1, thereby acting as a
tumor suppressor (Liu et al. 2021). miR-486-5p, sponged
by IncRNA LINCO01194, attenuates cell proliferation and
migration in non-small cell lung cancer (Xing et al. 2020).
Regarding OSCC, in 2017, Yan et al. firstly used next-gen-
eration sequencing technology to confirm that miR-486-5p
expression is downregulated in OSCC samples, and that its
downregulation is associated with OSCC recurrence (Yan
et al. 2017). In 2022, Faur et al. found that miR-486-5p
is only reduced in salivary exosomes from patients with
OSCC (Faur et al. 2022). Although the earlier studies have
not explored the specific function of miR-486-5p in OSCC,
the downregulation of miR-486-5p expression in this can-
cer has been confirmed, suggesting a key role in OSCC
development. Here, we investigated in depth the function
of miR-486-5p and revealed that an miR-486-5p inhibitor
aggravated OSCC cell proliferative, migratory, and colony
formation abilities. Moreover, we confirmed that EIFSA2 is
a target gene of miR-486-5p in OSCC.

EIF5A2 is a well-recognized oncogene that contributes
to proliferation, invasion, metastasis, and other aggressive
behaviors in various cancer cells (Ba et al. 2019; Zhao et al.
2021; Zheng et al. 2020). High expression of EIFSA?2 is linked
to poor outcomes in patients with gallbladder and cervical
cancer, as well as OSCC (Lin et al. 2020; Yang et al. 2016;
Zheng et al. 2020). Furthermore, high expression of EIF5A2
is associated with unfavorable 5-year survival rates, advanced
N values, and EMT markers in 272 patients with OSCC (Lin
et al. 2020). In vitro, Gao et al. used the OSCC cell line SCC-9
to show that EIF2A knockdown inhibits migration and inva-
sion (Gao and Li 2023). Consistent with previous studies, this
study, too, demonstrated overexpression of EIFSA2 in OSCC,
and that EIF5A2 silencing is linked to the inhibition of can-
cer cell growth and migration. However, a novel finding was
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that miR-486-5p depletion attenuated the inhibitory effects of
EIF5A2 silencing on OSCC cell development because EIFSA2
is a target gene of miR-486-5p.

This study proposes a new regulatory network for
LINCO00174/miR-486-5p/EIF5A2 in OSCC progression.
However, some limitations are noted. First, this study did not
explore the possible relationship between LINC00174 and
prognosis of patients with OSCC because of the small clini-
cal sample size and absence of long-term follow-up for all
included patients. In addition, the regulatory mechanism of
IncRNA in OSCC development is complex, and other poten-
tial oncogenic signaling pathways involved in LINC00174-
governed networks should be further explored in the future.

In conclusion, this study revealed that LINC00174
was aberrantly upregulated in OSCC, and that silencing
LINCO00174 attenuated OSCC malignancy by sponging miR-
486-5p to regulate EIF5A2 expression. These findings enrich
our understanding of the regulatory network of IncRNAs in
OSCC progression and may provide a novel biomarker for
OSCC diagnosis and therapy.
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