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Upregulation of LY6K induced by FTO-mediated
demethylation promotes the tumorigenesis and
metastasis of oral squamous cell carcinoma

via CAV-1-mediated ERK1/2 signaling activation

Chen Xu, Rujuan Gong and Haibing Yang

Department of Stomatology, Changzhou Second People’s Hospital, Changzhou, Jiangsu Province, China

Summary. Lymphocyte antigen 6 complex locus K
(LY6K) has been demonstrated to play a significant role
in cancers and identified as a therapeutic biomarker for
head and neck squamous cell carcinoma. However, the
role of LY6K in oral squamous cell carcinoma (OSCC)
has not been explored. The current study discovered that
LY6K was aberrantly upregulated in OSCC cell lines
and tissues and that high LY6K expression significantly
correlated with poorer survival of OSCC patients.
Through stable knockdown of LY6K, we found that the
growth, colony formation, migration, and invasion of
OSCC cells were substantially suppressed. In addition,
tumor growth and lung metastasis in vivo were
effectively inhibited by LY6K depletion. Mechanically,
LY6K binds with CAV-1 and activates CAV-1-mediated
MAPK/ERK signaling to exert its oncogenic effects on
OSCC. In addition, LY6K expression in OSCC was
discovered to be regulated by FTO-mediated RNA N6-
methyladenosine (m®A) modification in an IGF2BP1-
dependent manner. Generally, LY6K expression was
upregulated by FTO-mediated demethylation in OSCC,
which promoted the tumorigenesis and metastasis of
OSCC via activating the CAV-1-mediated ERK1/2
signaling pathway.
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Introduction

Oral cancer, specifically oral squamous cell
carcinoma (OSCC), is a prevalent type of cancer
worldwide, with over 300,000 new cases each year
(Arellano-Garcia et al., 2010). Tobacco smoking and
alcohol consumption are significant risk factors for
developing OSCC (Keindnen et al., 2021). OSCC often
originates from pre-existing oral lesions known as oral
potentially malignant disorders, which pose an increased
risk of cancer progression (Wang and Wang, 2021).
Despite improvement in treatment therapies, the overall
survival of late-stage OSCC remains pessimistic (Yang
et al., 2019). The unfavorable prognosis of OSCC is
associated with certain factors, such as delayed
diagnosis, shorter time recurrences, positive margin
status, lymphovascular invasion, and higher histo-
pathological grading, and early detection can improve
the prognosis for OSCC patients (Vitorio et al., 2020).

Lymphocyte antigen 6 complex locus K (LY6K), a
member of the Ly6/urokinase-type plasminogen
activator receptor family (Kim et al., 2016), is expressed
in testicular cells and assists fertilization by facilitating
the migration of spermatozoa toward the oviduct
(Fujihara et al., 2018). LY6K is also expressed in human
cancer cells and is one of the cancer/testis antigens
(CTA) (Kono et al., 2009). Since CTAs have cancer-
restricted expression and immunogenic properties, they
are considered ideal for targeted immunotherapy
(Caballero and Chen, 2012). Noticeably, LY6K was
identified as a potential target for head and neck
squamous cell carcinoma by multiple studies (de Nooij-
van Dalen et al., 2003; Carrero et al., 2019). Currently,
there has been no detailed report on the biological
function of LY6K in OSCC.

In addition, DNA methylation was reported to
regulate LY6K expression in glioblastoma, and
irradiation induces LY6K upregulation by promoter
demethylation, resulting in enhanced radiation resistance
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in glioma stem-like cells (Sastry et al., 2020). In breast
cancer, inhibition of DNA methylation with 5-Aza-dC
caused elevated LY6K expression, resulting in enhanced
cell migration ability (Kong et al., 2014). Regarding its
downstream mechanism, studies have suggested that
LY6K binds with caveolin-1 (CAV-1) and activates
MAPK/ERK signaling (Sastry et al., 2020; Park et al.,
2023). Nevertheless, the molecular mechanism of LY 6K
in OSCC has not been reported.

The current study was designed on the basis that
m®A modification-mediated upregulation of LY6K
promoted tumorigenesis and metastasis in OSCC by
activating CAV-1-regulated MAPK/ERK signaling. Our
study may identify LY6K as a novel therapeutic
biomarker in OSCC and elucidate the underlying
mechanism involved, providing insights for OSCC
diagnosis and treatment.

Materials and methods
Tissue samples

A total of 70 pairs of OSCC and adjacent normal
tissues (>2 cm from the edge of OSCC tissues) were
collected at Changzhou Second People’s Hospital and
put into liquid nitrogen for storage immediately after
resection. Informed consent was obtained from all
patients, and the study protocols were approved by the
Ethics Committee of Changzhou Second People’s
Hospital.

Cell lines

Five OSCC cell lines including SCC9, SCC25,
CAL27, HN4, and human oral keratinocyte (HOK) cells
were purchased from ATCC (Manassas, VA, USA), and
cultured in Dulbecco’s Modified Eagle Medium
(DMEM) with 10% fetal bovine serum (FBS), 100 U/ml
penicillin and 0.1 mg/ml streptomycin.

Cell transfection

Short hairpin RNA targeting LY6K (shLY6K), FTO
(shFTO), IGF2BP1 (shIGF2BP1), CAV-1 (shCAV-1),
and negative control (shNC); overexpression plasmid
containing LY6K (0eLY6K) and empty pcDNA3.1
vector as control (0eNC) were all synthesized and
provided by GenePharma (Shanghai, China). These
vectors were transfected into CAL27 and HN4 cells
using Lipofectamine 2000 and subjected to experiments
48 hours following transfection.

RT-gPCR

Total RNA extraction was performed using TRIzol
reagent (Invitrogen, USA), and reverse transcribed into
cDNA using the One Step TB Green® PrimeScript™
RT-PCR Kit (Takara, Japan) and then quantified with
specific primers on the Applied Biosystems 7300 Real-

Time PCR System (ThermoFisher). GAPDH mRNA was
employed as a control, and the 2"2ACt formula was used
to calculate relative gene levels.

Co-immunoprecipitation (Co-IP) assay

Cells were lysed in RIPA lysis buffer containing
protease and phosphatase inhibitor cocktails (Sigma-
Aldrich). Then, cell lysates were pre-cleared with 50 pl
Protein A agarose bead slurry per 1 mg lysate for 1 hour
at 4°C on a rotator, followed by centrifugation at 1,000
rpm for 3 min at 4°C, and immunoprecipitation with
LY6K antibody for 12 hours overnight at 4°C.

RNA immunoprecipitation (RIP) assay

RIP assays were performed using an EZ-Magna
RIPTM RNA-Binding Protein Immunoprecipitation Kit
(Millipore Sigma, cat. 17-700). Briefly, cell supernatants
were lysed with radioimmunoprecipitation assay lysis
buffer containing an RNase inhibitor and proteases, and
then incubated with IGF2BP1 antibody beads overnight
at 4°C. Proteinase K (Millipore Sigma, cat. 71049) was
added, and the mixture was incubated at 65°C for 30 min
with occasional shaking of the beads. Finally, total RNA
was isolated using TRIzol reagent and subjected to
qPCR.

Western blot

Total protein was isolated by RIPA buffer. After
quantification using the BCA Protein Quantification Kit
(ThermoFisher), 10 pg of protein was loaded onto an
SDS-PAGE gel for separation. Subsequently, the protein
signal was transferred onto a PVDF membrane and
blocked with 5% non-fat milk powder. The membrane
was incubated with primary antibodies against LY 6K,
FTO, CAV-1, ERK, phosphorylated (p)-ERK, and
GAPDH overnight at 4°C. After incubating with the
appropriate secondary antibody at 37°C for 1h, the blot
was visualized using the ECL detection system
(ThermoFisher).

CCK-8 and colony formation assays

For the CCK-8 assay, OSCC cells were plated in 96-
well plates and then cultured for 3 days following
treatment with 10 ul CCK-8 reagent (Dojindo, Japan).
The absorbance at 450 nm reflected cell viability. For
colony formation assay, cells were seeded in 6-well
plates and cultured for 2 weeks. Then, cells were stained
with crystal violet.

Cell migration and invasion assays

Transwell chambers with or without Matrigel
coating were used to assess cell invasion and migration,
respectively. In short, cells suspended in FBS-free
DMEM/F12 culture medium were added into the upper
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chamber, and the lower chamber was filled with 1 mL of
DMEM/F12 containing 10% FBS as a chemo-attractant.
After incubation for 24h, the cells adhered to the lower
membrane surface were stained with 0.1% crystal violet.
Images were captured and the stained cells were
quantified under a microscope from five random fields.

Xenograft mouse model

Mice aged 4-6 weeks were purchased from the
Shanghai Experimental Animal Center, Chinese
Academy of Sciences (Shanghai, China), and randomly
divided into two groups (n=3/group). LY6K-silenced
CAL27 cells were injected subcutaneously into mice.
After five weeks, all mice were sacrificed and tumor
tissues were weighed and photographed. For the lung
metastasis assay, stably infected CAL27 cells were
injected into the tail vein of BALB/c nude mice. After
six weeks, the mice were sacrificed, and the lungs were
embedded, sectioned, and stained with H&E to reveal
the number of metastatic nodules.

Luciferase reporter assay

LY6K 3'-UTR containing predicted m®A motifs were
synthesized and inserted into the pmirGLO vector
(Promega, Madison, WI, USA), followed by transfection
into control and FTO-silenced cells using Lipofectamine
2000 (Invitrogen). The adenine to guanine mutation was
conducted by TaKaRa MutanBEST Kit (TaKaRa) as per
the supplier’s instructions. Luciferase activity was
detected using the Dual-Luciferase® Reporter Assay
System (Promega).

Methylated RNA immunoprecipitation (MeRIP) assay

The MeRIP assay was conducted using the Magna
MeRIP m°A Kit (Millipore, Germany). In brief, total
RNA was extracted using the miRNeasy Mini Kit
(Qiagen, Dusseldorf, Germany) with stringent DNA
digestion, followed by chemical fragmentation to about
100 nt. RNA was then immunoprecipitated with 5 pg
m®A antibody or anti-mouse IgG linked to protein A/G
magnetic beads. After elution, m°A enrichment on LY 6K
mRNA 3°-UTR was analyzed by qRT-PCR, normalizing
to input (10% fragmented RNA).

Statistical analysis

All data were analyzed using SPSS version 22
(SPSS Inc., Chicago, IL, USA) and figures were
generated using GraphPad Prism 8 software and shown
as mean * standard deviation (SD) of at least three
independent experiments carried out in triplicate. The
correlation between LY6K levels and OSCC survival
times was determined by the Kaplan-Meier plotter.
Student’s t-test was used to assess the difference
between the two groups. A P-value <0.05 was
considered statistically significant.

Results
LY6K expression is upregulated in OSCC

As indicated by GEO datasets, LY6K expression
was higher in OSCC tissues and cell lines than that in
non-tumor tissue and cells (Fig. 1A,B). To verify, we
compared the LY6K mRNA and protein levels in OSCC
cell lines (SCC9, SCC25, CAL27, and HN4) and HOK
cells. As shown in Fig. 1C,D, the LY6K level was
significantly elevated in all OSCC cell lines compared
with HOK cells. Consistently, LY6K was abundantly
expressed in OSCC tissues in comparison with adjacent
normal tissues (Fig. 1E). In addition, high LY6K
expression was discovered to predict worse overall
survival in patients with OSCC (Fig. 1F). All in all,
abnormally high LY6K expression was identified in
OSCC, which predicted poorer survival of OSCC
patients.

LY6K knockdown inhibited OSCC tumorigenesis and
metastasis

The biological function of LY6K in OSCC was
evaluated by silencing LY6K in CAL27 and HN4 cells
(Fig. 2A,B). The CCK-8 assay indicated that LY6K
depletion substantially suppressed the viability of treated
cells (Fig. 2C). Similar results were obtained from the
colony formation assay, where cells transfected with
shLY6K exhibited noticeably inhibited colony formation
capacity (Fig. 2D). In addition, we observed that the
migrative and invasive abilities of CAL27 and HN4 cells
were significantly reduced in the LY6K-knockdown
group (Fig. 2E,F). Furthermore, the xenograft tumors
developed from LY6K-depleted CAL27 cells were
significantly smaller in size and weight than the tumors
from the control group (Fig. 2G,H). In a lung metastasis
model, mice injected with LY6K shRNA-infected cells
exhibited a significantly reduced number of metastatic
nodules (Fig. 21). These data suggest that the growth and
metastasis of OSCC could be inhibited by silencing
LY6K.

LY6K modulated CAV-1-mediated MAPK/ERK signaling
in 0SCC

Subsequently, we explored the mechanism
underlying the tumor-promoting effect of LY6K by
assessing the levels of CAV-1, ERK, and p-ERK in
LY6K-silenced OSCC cells. Western blot indicated that
CAV-1 and p-ERK levels were substantially suppressed
in cells transfected with shLY6K (Fig. 3A). In cells
overexpressing LYOK, the expression of LY6K, CAV-1,
and p-ERK was dramatically increased (Fig. 3B).
However, the introduction of MEK inhibitor (PD98059)
or shCAV-1 substantially inhibited the protein level of p-
ERK in LY6K-overexpressed OSCC cells (Fig. 3C),
indicating that LY6K probably activated ERK signaling
via CAV-1. To confirm the interaction between LY6K
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and CAV-1, LY6K and CAV-1 expression was found to
be positively correlated in OSCC tissues (Fig. 3D). The
Co-IP assay indicated that LY6K binds with CAV-1 in
OSCC cells (Fig. 3E). These results suggested that
LY6K activated ERK signaling by enhancing CAV-1
expression.

LY6K promoted the tumorigenesis of OSCC via CAV-
mediated activation of ERK signaling

Next, we investigated the biological role of CAV-1-
mediated ERK signaling activation in LY6K-promoted

OSCC tumorigenesis. The CCK-8 assay indicated that
CAV-1 knockdown or PD98059 treatment could abrogate
the promotive effect of LY6K abundance on the viability
of OSCC cells (Fig. 4A). Meanwhile, cells transfected with
0eLY6K presented enhanced colony formation capacity,
which could be attenuated by either CAV-1 deficiency or
inhibition of ERK signaling (Fig. 4B). In Transwell assays,
LY6K overexpression promoted the migration and
invasion of the treated cells but shCAV-1 transfection or
PD98059 treatment attenuated this promotion (Fig. 4C,D).
Taken together, CAV-1-mediated ERK signaling was
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indispensable for LY6K to facilitate OSCC progression.

FTO induced LY6K upregulation in an mfA-dependent
manner

RM2Target predicted that FTO could bind with LY6K
and two pieces of perturbation evidence indicated that
FTO positively regulated LY6K expression (Fig. 5A,B).
Therefore, we measured FTO levels and discovered that
FTO was upregulated in OSCC cells and tissues (Fig. 5C-
E). Additionally, there was a positive correlation between

FTO expression and LY6K expression in OSCC tissues
(Fig. 5F). FTO knockdown in CAL27 and HN4 cells
decreased LY6K mRNA and protein levels (Fig. 5G,H). To
validate whether FTO regulated LY 6K expression through
mC®A modification, MeRIP-qPCR was performed. As
presented in Fig. 51, FTO depletion markedly increased
mClA enrichment in LY6K mRNA. Moreover, FTO
knockdown only affected the luciferase activity of LY6K-
WT but not that of LY6K-Mut (Fig. 5J). Thus, we can
summarize that FTO induced LY 6K upregulation in OSCC
via m®A modification.

A
X
ShNCShLY6K shNCshLYBK = E33shNC &  =3shNC
CAV-1 < 1.0 ESHLYEK 2 |5 EIShLYEK
Q.
ERK 2, B 10
o —_
E :
p-ERK % " - . .
2 0.5 . G 0.5
° e
GAPDH 2 I;I =
© [
o 00 T T E 0.0 T T
CAL27 HN4 14 CAL27 HN4 © CAL27 HN4
B 4
X
=0eNC N =0eNC 5 =3 0eNC
X o -
- ok - Hk U?] ok
cav-1 [ © - ° & -
° 2 2 o,
D 151 Q [
D 1.0 L
- s g
q>) 0.5 % qa)-
n“:) CAL27 HN4 o CAL27 HN4 % CAL27 HN4
CAL27 HN4 5 14
=0eNC
C X X =0elLY6K =
4“@1“;@_@%;;\ SN E0eLYBK+PDO805S 8 g]g 0001
@) O o Do O moel YEK+shCAV-1 __» 1 :
S5 Q};\ o Oca‘b OQ"(\C)V oe,e 8 % . e L
2 < 2 Kk - —
[ol4
oW,
oz
22
&S
() HN4 0 2 4 6 8
CAL27 LY6K

Fig. 3. LY6K modulated CAV-1-mediated MAPK/ERK signaling in OSCC. A. The protein expression
of CAV-1, ERK, and p-ERK in CAL27 and HN4 cells transfected with shNC or shLY6K were assessed
using western blot. B. The protein expression of CAV-1, LY6K, ERK, and p-ERK in CAL27 and HN4
cells transfected with 0eNC or 0eLY6K. C. The protein expression of ERK and p-ERK in OSCC cells
transfected with 0eNC, 0eLY6K, oeLYBK + PD98059, or oeLY6K + shCAV-1. D. Pearson correlation
analysis of LYBK and CAV-1 expression in OSCC tissues. E. The Co-IP assay verified the binding
between LY6K and CAV-1 in OSCC cells. *P<0.05, **P<0.01, ***P<0.001.

IB:.LY6K

Input _IgG_IP-LY6K



2.0+

1.5

Cell viability (%)

0.5+

0.0

LY6K in oral squamous cell carcinoma

CAL27
- 0eNC
-# 0eLY6K
-+ 0eLY6K+PD938059
- 0eLYBK+shCAV-1

*k

HN4

72h

Oh 24h 48h
oeLYBK+

oeLYBK  PD98059

oelLYBK+

oeLY6K  PD98059

oeLYBK+

0eLY6K  PD98059

Cell viability (%)

-
@
1

HN4
- 0eNC
= oelLY6K
-+ 0eLY6K+PD98059

-+ 0eLY6K+shCAV-1

*%k

oelLYBK+

shCAV-1

oeLYBK+
shCAV-1

oeLYBK+

ShCAV-

1

72h

Oh 24h 48h
=0eNC
=10elYBK
=0el Y6K+PD98059

mmoel Y6K+shCAV-1

*%k *

*k

Relative colony number (%)

CAL27

=0eNC

=3 0elYBK

=3 0el Y6K+PD98059
== 0eL YE6K+shCAV-1

*

[

=3

o
1

**

* %

o
o
1

Relative invasion cell number (%)

%

150 1
100
50
a T

*

*

HN4

*
*

CAL27 HN4
=3 0eNC
= 0elYEK
=1 0el Y6K+PD98059
mm 0el Y6K+shCAV-1
250 - e _wx F

Relative migration cell number (%)

CAL27

HN4

1365

Fig. 4. LY6K
promoted the
tumorigenesis of
OSCC via CAV-
mediated
activation of ERK
signaling. CAL27
and HN4 cells
were treated with
0eNC, oelLY6K,
0eLY6K + shCAV-
1, or oeLY6K +
PD98059. A, B.
The proliferation
and colony
formation capacity
were evaluated.
C, D. Transwell
assay determined
the migration and
invasion of the
cells. *P<0.05,
**P<0.01.



1366

LY6K in oral squamous cell carcinoma

§ Cell .
RM2Target ID @ WERs Name @ WERSs Type Target Gene Modification Organism s I Validated® :  Binding@ :  Perturbation @ :
RM2Targel_718272 FTO Eraser LYBK mBA mBAM Homo sapiens Hela
RM2Target_718271 FTO Eraser LY6K m6A mEAm Homo sapiens 253)
RM2Target_718273 FTO Eraser LY6K m6A m6Am Homo sapiens OVCARS

‘

Source (Cell Target Adj.P-
; Log2FC P-value
line/Tissue) gene value

Analysis ID @

0.0003483

FTO Ana_expr_hsa_20 - GSE130350 OVCARS LY6K 1.0168 s 00027658 OE up-regulated RNA-seq
C o D O
m TR 55 -
5 5
g g 24 T *
< =
pd 3
[0 <}
= S 1
o GAPDH &
2 =
a HOK SCC9 CAL27 SCC25 HN4 o o
L E & o A o &
I F ov\gf FUARS
=)
E F G
E 41 _ n=70 o] =ashNC é = shNC
(o 107 p<0.0001 T ,,. =3shFTO > 5, SIShFTO
G = =
T s ©
E 5 1.0 g 1.0
< 24 o Q
Z é <
e 4 z o
€ . £ 0 *k - X os —
w AGEGE
= >_o0°® > D Qo Ill
© d = >
% 0 T T 1 ©oo T T E 0.0 v v
X  Adjacent tissues OSCC tissues s £ CAL27 HN4 = CAL27 HN4

Fig. 5. FTO induced LY6K

upregulation in an m®A-dependent

=ShiG manger. A, B. Predicted binding
=ashFTO - f

and perturbation evidence between

FTO and LYBK was obtained from

the RM2Target website (http://

rm2target.canceromics.org). C, D.

mRNA and protein levels of FTO in

0.5 ok OSCC cell lines (SCC9, SCC25,

CAL27, and HN4) and HOK were

|;| |-"'-| compared. E. RT-qPCR detected

FTO mRNA expression in OSCC

and adjacent normal tissues. F.

The correlation between FTO and

LYBK expression in OSCC tissues

was analyzed. G, H. CAL27 and

HN4 cells were transfected with

shNC or shFTO to evaluate the

mRNA and protein expression of

1.0 FTO and LY6K. I. The mfA

enrichment in LYBK mRNA was

detected using MeRIP-gPCR in

0.5 cells depleted with FTO. J.

. Luciferase reporter assay validated

I:-l the m8A binding sites between FTO

T T and LY6K. *P<0.05, **P<0.01,

LY6K-WT  LYBK-Mut  ***P<0.001.

=shNC
=shFTO

£

o
«
*
*

CAL27 HN4

| J

o
°

0.0

Relative protein level of FTO
Relative protein level of LYBK

CAL27  HN4 CAL27  HN4

CAL27 HN4
= shNC =shNC =3shNC
_ =3shFTO _ =3ashFTO

IS
1

[
1

0.5 Kk

LT

CAL27 HN4 LYBK-WT  LYBK-Mut

(anti-mBA/Input)
Relative luciferase activity
Relative luciferase activity

Relative LY6K enrichment

0.0




1367

LY6K in oral squamous cell carcinoma

IGF2BP1 cooperated with FTO to regulate the translation
of LY6K

Next, we investigated the mOA reader that cooperates
with FTO to promote LY6K translation. RM2Target
forecasted potent binding between LY6K and IGF2BP1
(Fig. 6A) and perturbation evidence showed that
IGF2BP1 knockdown upregulated LY6K (Fig. 6B). RIP

assay indicated that FTO knockdown significantly
reduced IGF2BP1 enrichment at LY6K transcripts in
OSCC cells (Fig. 6C). Furthermore, IGF2BP1 depletion
rescued the decrease in LY6K expression caused by FTO
knockdown in CAL27 and HN4 cells (Fig. 6D,E).
Additionally, IGF2BP1 depletion abrogated the decrease
in stability of LY6K mRNA caused by FTO deficiency
(Fig. 6F). Our data imply that FTO cooperated with
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Fig. 6. IGF2BP1 cooperated with FTO to regulate the translation of LY6K. A, B. Predicted binding and perturbation evidence between IGF2BP1 and
LY6K was obtained from the RM2Target database. C. IGF2BP1 was immunoprecipitated and then subjected to gRT-PCR to assess LY6K transcript
levels in OSCC cells transfected with shNC or shFTO. D-F. OSCC cells were transfected with shNC, shFTO, or shFTO + shIGF2BP1 to assess the
protein expression of IGF2BP1 (D) and the mRNA expression of LY6K (E), and LY6K mRNA levels after actinomycin D treatment (F). *P<0.05,

**P<0.01.
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IGF2BP1 to modulate LY6K mRNA levels.
Discussion

As a glycosylphosphatidylinositol (GPI)-anchored
protein, LY6K is located at the plasma membrane and
affects various cellular functions, including cell
differentiation, proliferation, migration, adhesion, and
invasion in lung adenocarcinoma, esophageal cell
carcinoma, breast cancer, and cervical cancer, among
others (Ishikawa et al., 2007; Kong et al., 2016; Benti et
al., 2020). The current study is the first report on the
expression pattern, biological function, and molecular
mechanism of LY6K in OSCC. LY6K expression was
aberrantly high in OSCC tissues and cell lines according
to both GEO datasets and clinical data. Besides, high
LYO6K expression was associated with worse survival of
patients with OSCC. By silencing LY6K, we observed
that LY6K deficiency effectively inhibited the viability
and mobility of OSCC cells. Moreover, established in
vivo models indicated that LY6K depletion could
suppress the growth and metastasis of xenograft OSCC
tumors.

During cancer development, dysregulation of gene
expression often impairs signaling pathways or causes
aberrant signal transduction, leading to hallmark features
of cancer (Park et al., 2020; Li et al., 2021). The MAPK
signaling pathway is one of the most highly dysregulated
signaling pathways in OSCC (Cheng et al., 2022).
Among the members of the MAPK pathway, MAPK/
ERK signaling has been proven to play a tumor-
promoting role in OSCC (Degen et al., 2012; Fu and
Feng, 2015; Feng et al., 2019). Moreover, accumulating
evidence indicated that the activation of MAPK
pathways can be mediated by CAV-1 (Guan et al., 2016;
Zhang et al., 2019), a primary structural protein of
caveolae and a key regulator of cellular signaling (Jiang
et al., 2022). In addition, CAV-1 has been identified as a
therapeutic biomarker of OSCC (Bau et al., 2011;
Jaafari-Ashkavandi and Aslani, 2017; Kaya et al., 2021).
Considering that LY6K was proven to bind with CAV-1
and mediate ERK signaling in cancer, we hypothesized
that LY6K binds with CAV-1, resulting in the activation
of MAPK/ERK signaling in OSCC, which was verified
by our laboratory data. Furthermore, functional assays
suggested that CAV-1 knockdown or inhibition of ERK
signaling could attenuate the tumor-promoting effect of
LYO6K abundance, indicating that the CAV-1-mediated
MAPK/ERK activation was indispensable for LY 6K-
regulated OSCC progression.

Mounting studies have demonstrated that m°A
modification could affect the destiny of modified RNA
molecules and, therefore, interfere with cancer
development (An and Duan, 2022). Moreover, the
significant function of dysregulated m°A modification
regulators has been reported in OSCC (Huang et al.,
2020; Liu et al., 2020). Using the online RM2Target
database, FTO was identified to target LY6K and
positively regulate LY6K expression in cancer cell lines.

Besides, the m®A reader IGF2BP1 was predicted to bind
with LY6K. The cooperation between FTO and
IGF2BPI1 has been reported in cancers. Wang et al.
(2021) uncovered that FTO cooperated with IGF2BP1 to
downregulate DACT1 via m®A demethylation, therefore
activating Wnt signaling to promote osteosarcoma
progression (Lv et al., 2022). Xie et al. revealed that
inhibition of FTO recruited IGF2BP1 to increase the
mRNA stability of SOCS1 and subsequently activate
p53 signaling to exert anti-cancer effects in breast cancer
(Xie et al., 2022). In OSCC, FTO has been proven to
exert tumor-promoting effects by regulating m°A
modification of its downstream genes with the help of
mPA readers. For example, FTO knockdown inhibited
OSCC tumorigenesis by degradation of YAP1 mRNA by
increasing its m®A modification following YTHDF2
reading and recognition (Li et al., 2022). FTO depletion
activated autophagy to retard the malignant development
of OSCC by facilitating YTHDF2 to degrade elF4Gl1
mRNA (Wang et al., 2021). In our study, it was proven
that FTO facilitated the progression of oncogene LY 6K
in OSCC by mediating IGF2BP1-dependent m°A
modification.

Collectively, this investigation uncovered that LY 6K
served as an oncogene in OSCC and the stable
knockdown of LY6K could suppress the tumorigenesis
and metastasis of OSCC. Mechanically, LY6K triggered
CAV-1-mediated MAPK/ERK signaling activation,
while upreégulation in OSCC was induced by FTO-
mediated m°A demethylation, which was recognized and
stabilized by IGF2BP1. These findings offer novel
insights into the molecular mechanisms of OSCC
tumorigenesis and metastasis, which may help to
improve the diagnosis and treatment of patients with
OSCC.
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