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1 ~ 2 4% : Methylation-Mediated Silencing of miR-124-3 Regulates LRRC1
Expression and Promotes Oral Cancer Progression o (4rffim »
Cancers 17.7 (2025): 1136)

2 ~ 4% % : Abnormal DNA methylation in the promoter of tumor suppressor
genes and dysregulated microRNA expression are detected early in
the formation of tumor cells and have been shown to influence tumor
malignancy. This study investigated the methylation status of
miR-124-3 and its role in oral squamous cell carcinoma (0SCC)
progression. The Infinium Methylation EPIC Bead Chip and
bisulfite pyrosequencing assays consistently identified
hypermethylation of miR-124-3 1n OSCC tissues relative to normal
oral tissues. Methylation of miR-124-3 contributes markedly to
the downregulation of the gene, leading to the increased
expression of 1ts target gene, leucine-rich repeat-containing I,
which 1s considered to be positively associated with cancer
progression. These findings highlight DNA methylation of
miR-124-3 as a potential diagnostic biomarker for the early
detection of OSCC and a therapeutic target for OSCC treatments.

Keywords: DNA methylation; miR-124-3; LRRCI; oral cancer; tumor
SUPPressor.
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Exploring the Mechanism and Judicial Practice of Cervical
Whiplash Injuries in Motorcyclists
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Table 4-1: Video Extraction Results Using FFmpeg and MATLAB

FMT FFMPEG MATLAB
Duration(s) Frame Rate Duration(s) Frame Rate
Vi MP4 359.88 8962 24.9027 359.88 8962 24.9027
V2 AVI 968.4 9684 10.0000 968.4 9684 10.0000
V3 AVI 90 90 1.0000 90 90 1.0000
vV 4 MP4 60.1 1800 29.9501 60.096 1803 30.0020
\ MP4 398.08 9952 25.0000 398.08 9952 25.0000

Table 4-2: Video Extraction Metrics Using OpenCV and MoviePy

OPENCV MOVIEPY
T Duration(s) Frame Rate Duration(s) Frame Rate
Vi MP4 358.48 8962 25.0000 359.88 8997 25.0000
V2 AVI 968.4 9684 10.0000 968.4 9684 10.0000
V3 AVI 90 90 1.0000 90 90 1.0000
V4 MP4 60 1800 30.0000 60.1 1803 30.0000
Vs MP4 398.08 9952 25.0000 398.08 9952 25.0000




4.2 PIFEPRIE R %

POREEAF R > A & F3A B FAAEL 4G ¢ R PE G
H BB HAHE PN o8 H0 ;L,?M‘ T B ebf B MoepE R R BE o 2R
At Bl 2 S EP R RS a7 Pt 3 X 2RSS Fopedg
RGBSR E PR DR > E DR G B o eB4-1977 2 HF iR T2
PIEEF i G Bl o A& AR RN RTE RIE A B FaEd o A7

24

et Rl B2 %0 e B (DR

¥
$

e

a5l Distance measurement = u} X
Calibration paraineters resolution
alpa: radian 3
- width () : pix
| An_alpa: angle height (v) : pix
pitch angle : calibration get resolution
coordinate
ni: mm hi+h2: an
di: mm xe: pix
xa: pix ya pix
ix yb: ix
xb: ” ; ?
e: ix
xc: e e »
pixel read
Points used for distance measurinent
XN1 ¥YNI
XN2 YN2
distance i ranging

Bl4-1 # A e B T2 PIEE &
421 W § 2 B RERER

A R T B s R Rl R e xp,\;ﬁ ok k¢ 2e4kih GPS &
# s Mg o %ﬁﬁ@ﬂ%é%%ﬁﬁﬂr % S PIEE o 1% 0 BN i
WFEA N RIS I GRETTE - ﬁxfﬂ« DB g o

o B4-2(1) ~ ()47 0 EBA B B fae T RE o B gk B B cha i)
Bl (fosdp B 3 3o £ 4-3(7 F)HTT o

£4-3 FRbp Fa A 45



i 35 i 18] 8 (ms) TESR AT T (km/h) MG HE R (u*v)

2976 119440 76 1920*1080
2986 119840 75 1920*1080

422 FHBp BT

4o B4-397 o H29T6H E BB LB 1945 4 RN T $51 82 i R
TRALBZMPER > BARE - RO FRAFRIB I BT BRI T
5 e R4-497 7

Calibration parameters resolution
alpa:  1.5771872569297. radian .
width € : 1920 piv
An_alpa:  90.266173323889  angle height (v) ;1080 piv
pitch angle: calibration T
coordinate
ni: 6000 e hIsh2: 15600
dl: 3750 e xe: 1410 pix
xa: 682 pix ya: 891 pix
b 736
b 835 Ls Ls
288 i 3 680 2
pivel read
TS T E 8t Bl4-4 FHE2 4 T Ly
?]4-3 » i X3R5 - - E——,‘ T 2 55

Bz S5 227964 (4rH4-2(1))1-2986 H (4rH14-2(2)) ¢ Etp
44 8k 4oB4-5(1) ~ (2)#77 h A B B BE > i B3 B A B3 E A5 b B i
¢ AB 2 ¥ PR

8] ;u;gmg] » P4E2 B ery(XNI,YNI) ~ (XN2,YN2)¥ » i85 &% 5 @

2976 2986
D7 =15545.901 mm (10) DL =7299.024mm )

2986 2976
— Diy =Dl

=74.221893km/ h
tgaP (12)
R FI R e Baendgdag P EED L
1.04% < £ <2.34%

B14-5(2) PIEEBEE P~
:‘; (BRI GAE TR > APER T BB T T R
A W GR(TRIE 0 T RHRE ‘i%lﬁiﬁéﬁéﬁ’“ v B & Ar i 44977 o

F4-5(1) il ﬁF:f!Z\!«ijs’Bh



24-3 3k BT AR %

Eif - 75-76km/h 90km/h
I-l]ﬁ l e = T
i 2

1 ') o6 533ms 400ms 266.67ms 360ms
it 8174.21mm 8146.877mm 6820.1572mm 10662mm
W3 55.21km/h 74.221km/h 92.075km/h 106.62 km/
R 0.38%~1.41% 1.04%~2.34% 2.31% 3.07%

MERESET o EFDE R4 P :i;’—; 5 2 48% > 110km/h 2 @& p o
R* AP PRI BEGERE  ApEN T R 28 GPS B ;’—7;&
5% 14 roo

AR ORI ORI F G SAIATEE BT PR R R
ﬁ@%“ 2 SRR P15 ‘%‘F“:f"% f'ﬂ D BT RS A L %Qﬁ;:%] x _rﬂxzéﬁ'g o
é*ﬁlﬁﬁﬁﬁ"+mmﬁaiv’%iiﬁgvgﬁgyp%§\@M§
ERKEEE 5 R ﬁﬁrﬁfiné ORI L B s 2 T T R s

BR UedT R S g0k SR K FFmpeg & & JE s;#ua;#g § 3 (7
AR AR ERFT R REFEZIR I FRA DL EHEHR - F
Bd W o G hAARERSE P TS mE %8 GPS ?#im/?ljﬂg;;i%@é‘
110km/h & & 12T > 7 324 &5% 0 o

%#ﬁ%]#ﬁﬂiﬁq{, 7 "‘. il B i —IE' it % iﬁiﬁé\’f‘rﬁjﬁy%ﬁi%#ﬁ

R RS- ) ﬁgﬁh,ﬁ%ﬁqﬂ,%%kgﬁﬂjé%%% o i
B AR FRY Y 0 E AT BT i A 4E ey e T A e 304 P
e H % F F' '-{;:s{ﬁ)@l}:%'ﬁ b /?J’E_i BT "*“L‘x;g J,J

240

[1] 2%~ BB L 3EEEQ023) HFELIAETEPGET L 0x 0] ¥
BT 0 R6HH3E .

o

[2] 1 :h*\ N rﬁy\(zoll) %’V‘E Ig\;l —}'mjﬁ’r& I&ZLE Qi iE fT*i‘ﬁ;:b'?_Q Y=
AU m& SHEFE > S20P H8E 0 F129-137 ¢

[3] Vina A. Ultralytics YOLOv8 for Speed Estimation in Computer Vision
Projects[EB/OL]. #f ® p # @ 2025 & 1 * 1 p - % =z



https://www.ultralytics.com/blog/ultralytics-yolov8-for-speed-estimation-in-
computer-vision-projects °

[4] B 4P ~ 224 25052020 i 2 Fed @ BBy 2 F 4
W %45 %2% > T 160-164

[5]2 #(2021) » A H pARE p 2> 2 chPopld Hm 7 [D]» A% - A %1
[6] ¥# 8 ~ 2 4HE - 22 (2016) » A3tA T (72 2R+ = gk P8 22
E[)] 0 kB P 5428 $6% T 545-551 -

[7]N. M, R. N T.(2010), Software architecture: foundations, theory, and practice: 2010
ACM/IEEE 32nd International Conference on Software Engineering[C], 2-8 May
2010.

[8] E G. (1994), Design patterns: elements of reusable object-oriented software[M].
Pearson Education.

[9] Subhash V.(2023), Quick Start Guide to FFmpeg[M]. Apress.

[10]JFFmpeg. About FFmpeg[EB/OL]. #8~p # : 2025&# 6" 1p
https://ffmpeg.org/about.html

[11] Schiiller P C J P.(2022) Composing Complex and Hybrid Al Solutions[J].
[12]7 B B ~ 3¢ # (2015) » F5* AES crdficf8 4e B3 % ek 3420 7 [J] AR >
F. 67-68, 305 °

[13] i3+ 2 F gy T2 2 > Aplayer £-484%7% 51 & [EB/OL]. (2023-08-16)
http://aplayer.open.xunlei.com/.

[14] %] & PF(2019) » Python A8 Ad@ ¥ el [J]. T2 2, F 116-117 o

[15] Sonnleitner E, Barth O, Palmanshofer A, et al.(2020) Traffic Measurement and
Congestion Detection Based on Real-Time Highway Video Data[J]. Applied
Sciences, 10(18):6270.

[16] & &1 F ~ §5360 4§(2005) > A T 58 Bl ffehd dmiplig [1] > * FB B2 5
5 10(2) » F 192-196 ¢



ﬁ
=
=
=
~
LD
o
NS

=
Y
()]
=

FRETF REST T S W e

Using Drone to Supplement Dynamic Information of the
Traffic Accident Scene - case report

£ ¥ E Ai-Yun Wu !
o ¥ Yeh Tien?
% ;& Ding-Han Wang®
# B T Kai-Ping Shaw*
% 5 8 Shao-Huang Wu®
% # 2 Chun-Liang Wu®

BE

RIFET ARG S PR s IRLAER G TahpFEazpr » 4
REE A nEERS g&/@memWﬁ w»’ﬁﬁﬁﬂﬁ“?ﬁié*ﬁ
fe o o pHEHE R 43D kB > LG ERTFREE b 18 0 fril 22D B ifk
Bro HP e RFIMe Flaneg s H T HA4L o F- 25 0 AP HEFEp AT
£ AT HER TR S AT R E AL R RS R hip
BEL) PHAERIGETRDT L RILLY 7GR LRIW DM & 2
Koo Pl EEG IR E 7D %*kaﬂ’ﬁi{ﬁ*@%ﬁﬁiié
3o ii%ﬁ’fﬁ—%ﬁmﬁ—“ﬁ%?%% » d :‘ FERNFEDRPZE FFEOEAL > N EZR
BER L AT OEEIT O F2302023847 X p FF - AT HEIREAG

ERZBERFE 2ELEAFHIRAERL  DEFREIHFH ARTHD
4 BELLAEED R CHLl D o307 M FATEE B RRR
G INEFGFLFEEL LA A p“;§), L0 TERNE GFEIN S JREFINE ¢ IR R
FATABE G L o SRR PRI ARG o R PR AR H

BB 2 TSR e ST A B3R E L A NEE ) BT W HRE
ﬁi%iﬁ%ﬁﬁ’?iﬂ%iéﬁsﬁﬁﬁ%lwk’@i3#%i1¢’m%%
PRRFEL v B EERF TR - ESAERIRVITADERTENY 22 v

1@_@ >/ ji/{{tr&]ﬁ”)t £ Q{Jg;:r‘i/\gé;go
2 X LETHFERLR G AP P i fE o

B A FYF kR

GEARNE PR TR e EAT
HBME AL LERRA T AT AL ERT -
GFdﬁ/z&gullﬁﬁf« 3 1?&?2%5??;5‘&5_{0



Bbdo =¥ P HFEEAB R 2 hFE ERAAT R LI 2 PR R 0 FA
’\ﬂ"mfr’wﬁ F%Qﬂ\li _'7%‘ J zpﬁf’iy'Liprjél"lz‘F’D%‘pu’j‘fﬁ;&‘rip%?#if#
RIEEEAR 4F -

".J

pES

Mékie : AT ERES - RAPIRY - RF LS - FRITF %

- W
ﬁ%ﬁim%fﬁ&’ﬂm&ﬁ;iiiﬁ%ﬁﬁﬁﬁ#@P wEARE
AR UEERG FREE QMDA B By F R R r-tmﬁ
2o e 4aHEH-§ 23D a’a@@ﬁﬁ%%ﬂﬁﬁi@’ﬁﬁ#*ﬂ)
oo g B0 g 0 FToplane g I AL o po e g @“@
B R E AR R RER P AL R AP ERE ’r?*ﬂ
BEiE VT - 26 o A MBEAFPEITER » £ “§ 07 B Ey A AP Mo
Ao FEIIEET ERMA A AR ERRRE RO R Y B EF RRFHIT
SEEE R T A &ﬁp#%meﬁa"ﬁﬁﬁ@mwﬂi?Wm“i AL
EE o E AL T RIS TR SIRE R R e 2 G Rl g 2
2

Bem s TR RS EARERE DA F AR Y 2 g T ARG
BRAS TRy EL 279 e GAFDRME FFInFL > N EZRERER
;'z’?g;‘f"?i’v]”?ﬂl"‘2023ﬁ4g3’-5—1—5‘*”f‘f"’#'{#/riﬂ
fq‘dfg*ﬁz ¥t s ?V«FAEE;FZ*'J Fé&ﬁ%ﬁgﬁ? T
2 ol AlE AR BT .E’Jj";]p’*i’frﬁ’i—"pﬁ‘%t% FAT B2 87" 0k
&ﬂﬁ%nFa*ﬂifE%ﬁﬁﬁi JBrwn B A ﬁJ?**“’f*mﬁﬂa““K~@%z*K*
PR SLESE - JF Al o = ““ﬂ*ﬁé}iﬁuﬁ—/};p PR end Jp N B PR e p#
FEA G ARERHG B S TR ES FUA A 3RL LGRS E
¢+@n%’wﬁ;iﬁ&% GReb B aFt §RL LR AR
BRI 2268 REFHRPBEFL > p B EIEFH TR 224 A T %
giﬁgm%%%%’%m@g?ﬁ&%ﬁﬁ;&ﬁ?&ﬂ*&%ﬁ’ﬁiww
G e p T8 MG E A RS #ﬂ% W7 AT B 282 Faf
oLl o A LA T o T B R ARG E E A 3 Rl
25 4 o

NP REZRA

AR PEETRALF, R AR AT RF R 202385 P2 ETLLE P
PR AGE BT B AP IR A VLT LRSI OB E T AP L% A
TAGCRFZERRALE AN G LFBBAFRRELEL o

21 A+FH

1 zﬁj"]"ai/‘—’:‘

(DE=A 2 57 RAFRAf



Q)Z+FH HEHFL (T )T F 2 (2 )~ 3 EEA*E (7)) &3
prES () AERPFFE T -
£ 18P g 2023£070 0p o
2. A AR
(DL =T AL 120238042 0P 11PEzF > (34 (7 ) ip OB FA(RER A
3_) I__O\i';H— HEIT R BP0 ﬁ%«@ﬁiﬁiﬁlﬂl%?ﬁ?ﬁ (7 )~ 32d =
e (e )~ lAlp* g2 (f)e
QFTHAL T 2 ~F332  FRIRERBEL S T AL RMAP%RFL L
F%:@é‘mzmM”ﬁ(%%ﬁﬁ)Eﬁ&%ﬁ&:%%E%Eﬁ&%
,J VUNE&W**}FE—FY; °
(3)1 it &30 TN #I9d L Ak ik o
(4)F % _p # 12023077 0p 1202307 D p
G)FF g TR~ A 2T P EFL o
(6) GHAR CETARERARE
#4%%
(D#ﬁﬂ
37

-+ = A
i U” ¥ . g
?%;w%%ﬁﬁ%ﬁﬁ&ﬁ%%o

LAE)(%O%) T A2 Rk
RA A TR 0 FEINE AN

5% ;
QD p OF A N Flajpp e - & %?'ﬁ1%§§iﬁﬂ%%ﬁ’ﬁﬁ%
i

B (IR AP B2 2K E) SEEFRBRE
HIF T Rk LRI G A FR AR BRI T L
BERFE D e R keheh 4 (EF A 4p T L"‘"}’ﬁ,_ <O A RRE A A 2N
ﬁﬂJ§%¥WmJF%ﬁ$&M4@W“mh%m'15 mbwwﬁiﬁéw,¢o
‘ngft» A PE30A S 0 BRRAIRE S cSEF LT O RE T AFREER
&hﬁ%&ﬁﬂ{ﬂﬁﬁd&ﬂ@ﬁﬁ§%r4

WpARE R EPH R RN T A LIRS R AR FAMI
5 =
s

22 LR

L% 72> i
gfﬁ&m<¢ Bl E & A ® ) (GA/T1087-2021) ~ (i e 2 i F &S
R B ) (GA/T41-2019) ~ (i B 2 i F 3% 4 B4 ) (GA/TS0-
2019) ~ (i fefl B & M AP 5% R4 ) (GA/TI450-2017) ~ ( Bl § 57 4 AIZ 3w
%$>(wmmmwnmmﬁ<ﬁ&iﬁiﬁﬁw%@ii?%%>
( SF/T0072-2020) 1% 2 it {7 ¥e S F

21 &
COOLPIX B700%] 5L PR 4% ~ 7.5m 4k ¥ % (%% 5 DASF-WH-01) - DELL ¥ ¥ &
AT A S AL Fpﬁ%%ﬂ;{%ﬁ,@ o

3.4 % E A (Rt )



()2 fmAir s i (v8) &8 2 8 8 430 Ak LATLTA) & F A o
()4 AP % 4542 £ 93.2cm > £ 45 B A 12.60m 0 FE - AR 5 2023- 7 -
00190-4 » 4% 45 A # L 37T B ¥ A pn o
4 Tt R s
(D& * ARZ P Hh b b M H B LHAO L 5 “zzzmpd” i A 1 18 (7 R %
it = VR ) B R
TEEaBOERAL CBRF e il e A et b F BEOR) 0 M
5 1OMB > ARAEE R 5404 o ARAEfET A 5 1280x720] & > T iSw
SISHE/F; (A BIS6) Hdgar  Hd i S ARFEHG = F VAT “2023-
04-0"chF fk » H SR pF R -
Q)R S ARAT e H o A E 6 B LT R R
® BBLATE 6 Ar “2023-04-10 10:50:207FF % $6H R " B AL T

BB LB R ﬁ“railgﬁalhplj’éiﬁ/ G}
BT e B 5 kA T A LA .

pe

“%:"\%;\—L'E;F:” _? ,}3—_\ s ll'L
SEAHERD F e hHh
LS N ABEd Tl FRY T B (LEL~2);

P, SR “2023-04-10 10:50:20” B %)
6 (%

@ RBRAEE B BEom “2023-04-10 10:50:207FF %] $ 120 B > " BEE A A &
R ABad T LER R VUET R DD T e ABFY
W B L PER s AL e R AERE ST B T L h (T

L B ﬁﬁéﬁ“ﬁdnvifﬁﬁnx“‘“gﬁ 63 (LEB3 - 4);

2. BE, 2%,

FESIT NAHAIZENIRES

3. W 2R “2023-04-10 10:50:20” Y% B, B2, 20, P4 AMREESR
B12WIER &

® BBLITE & A “2023-04-10 10:50:217FF % S4B i " B d Ea

: R T KRR M ET R B Fe BT >
ELRmmsFA LI e m AR OEs > PR

AAHFE e d 83 Aadfdas dmRy @

s F R



® RFGLAEE G BT “2023-04-10 10:50:217FF %] 5 THE W > ? B L Ed

@ﬁ LB Rd T AR R LT L 2 M o BT B

B INARIE T B L PRI E N FA LR E T s > % E

ok isEd o AH T 38 8 A mfd e s LiFRY
AT 22 (HR);

o é‘B&#ﬁﬁiﬁ%ﬁa B “2023-04-10 10:50:217FF % % 14M B> " 2 g & £ &
BB LB pd F e LR B> MPEFT R BMYd T LHT o K
ﬁ%%kﬁ“ﬁ‘hALi@wﬁﬁﬁﬁéi s bR R F MR AR o %8
RRIT N R G AT T B SRR s F
hoERAET 2 %d s (LHS-6),

BN

‘*L

Pl5. R “2023-04-10 10:50:217 B %) Be. HE. 225 Pite 5T AMRHESE
14 & &

i

.§%ﬁﬁ§a@;“mm&uomﬂmwﬁm%wﬁﬁ%’gﬁﬁ*&ﬁ
B p SR O R R R T LG IR BT G
o e i'fﬁ“‘xf""gé’*'ﬂ(ﬂ-‘gw‘g);

Bl7. iR R “2023-04-10 10:50:23” %) B8, M, WESIT MM EEIRE
S0 %

oﬁ%z‘iﬁﬁga B “2023-04-10 10:50:257F5 %] % 11 b Bl > @ B 8g L k& &
R AR T KRR METAAIEFI T A TR F
B pARET B (FE) o
SIHRIFHHET & ITw
(Dﬁj%ﬁ%%ﬁ%ﬁﬁﬁ DB EE NPT L A AT R 0 PERY 22023072 0p 0 =
EF F P HBPRE B P ed F ”L’T;"a\r!ﬂ#ﬂ% (%L?"t’@iﬂﬂ”ﬁﬂl’?)
@ﬁLwﬁ%%@@ﬁi%%@$’%mﬁi@_ii’ﬁﬂ%ﬂég&w




EOTALE R R G BRI h G LI M L TR o 2
DB R A D S B TR G P 150 R B E T
FRGHE  mERIREFXSTFTFEGSGEORHEFESF > L A N
PE R TR XghE LB 2 Y (L F9 - 10) o

P9, AR IR T 1) el PG AL ) R ARk P10 2 IE b s U 5 30 e PR
(2);{21;E'ﬁ%;'ﬂ d PR G e R BRI SR e AR
A G AR IR (SRE A)- —r&»f"ﬂ%«éﬂ(’ﬁ%«é B) -
T AR (FRE O ERPPRIEFEERFL I A (SR
D) # :'1 % 5 PR B 1 [ R Mo P R o i AR o R R R o B PR

g d 67 B BN o FI% SRESHET 2L o R RIE
- HERIF BRI P A AT RN T (LE 1L
16) -

13, 28 R 7E SR IR 5 30 R A B R A B4, BEEA S AR

15, FAEA s A RTAIIE 16, FAERLE Jo)E AR




A
i
I‘&

=
A

is
52.lcm £32.5cm -~ 74 2 & b’ﬂ% 2E By

Q)T T %ER WA BGE S 2B EFow e (ER)IEHRE 2
z @

(Fe) B fI* 928 T g4 TP BEEA Bap il M
v He 7 & vz @ 2 K BronE gt pEipl oom FARE E T AT E
TEEREOF > VOB EREBIY R A g LB MR
%,%‘—6 A% ¢ DJIMini 3 (https://www.dji.com/cn/mini-3/specs ) & = ] °

- ERERLY AT BRAFE AR L B T AT T
3_3-#;}3’}“1*”?1{?@E?ra-iﬁf‘r‘ﬁé'd Tl 78 (LBIL7~18). 7
A LRSS BRSNS T R L 91 2em s 74 2 E T H
PRTHEe R T RS e RS S 485em s 74 2 £ w%*ié’l
e B gL Rl N e BEH S 30.5em ~ 7 A LRB L Rl A2
A upEdre B4 L pla IR L 69.3cm £ 14.0em ~ 74 LR A 2 RIEEAE
Paoa gL BT I B B MRS S 180.9cm ;

~ g-r‘

[

17, KRB RAEERR MU, BeR 2%y
PR RRAT AT AN FHEGAL i U R8T 18, 55— ia) S A seas i
N e

%W%%agﬁwi&w@ﬁpgﬁP@’wﬁaﬁ%%dﬁéi%
FefrzEimniifpe o gfd ol b T gagd a7
B O(ABI19-~20) (FA BT EGE AL IATHERTHLBET B SR
AT is IR B % E MEEH S 103.0em E83Uem ~ (FA L EATH IR T B B
T RS E RS S 1490em ~ (T A 2 E AT #Ef& g B 4 nj;}u:i?}@
$ 3 MEEAR S 863cm -~ (TR LB HGER B P e xﬂT*Mu§%
PR 2 142.8cm ~ 74 PR A 2 Pl &k e 5 % 'Jfé Kfﬁra~ﬁl?',%}g‘.ﬁ743cm,

B0, kAR RP B BIEE RS, it 24k [T 1 e

ST MRTAT. TAEF RSS2
FEALE RN AT NG4SR R 20, 55 — I IA]S Akl see (i
73

FoPFRERLT Al AT BB AR L BB d e L5
N sz .N:{ éﬁ‘d‘jrﬁ,a\-}-}}f—y\f’i

+ i’a‘;ﬂ'?} ERE TR N
‘%%ﬁ@%&ﬁ%% A EEH263.5cm ~
B4 Mr:}qigfsﬁﬂ%a\ RIS A

l—=
s
!
B

ATH B 'rf#é/w\ QJ&E



¢ @ ?é%?éifi 567.5cm £28llem -~ (TA B HFKER I W RGBT
v g B SUEEAE S 376.2cm

BEER i

2], PELRRAFREERIM - LN O EHE
HEBERBT - TAEFQAIFEHSAEE
- PERSAIURSHEBE@RLSIT - RES E22. H=I1 T SRR R
LEERRITI

Sr BRI gA AT BRAFR AR P Fe F D o LS
—":5 L‘é”‘f’f”ﬁﬁgfl if?‘l'i?’%"'“ﬁ_ > ﬁ’\iifﬁ*a"#ﬁf&*’\ié v b

& T8 (RLBI23~24) 0 74

&ﬁﬁﬁ‘f&WE%*' Wh#ﬁT%QWﬁﬁgﬁ@@%ﬁ 5 31 -
5m 6210m l"h’425cm‘rr’\*‘ 26 BGEp B S Fhit BT INw

(23 F SRR DY B AE SRR SMU R 2 7 4k 4
PP R BAT . GEAAA ERARI FF 2 A iE
L8 AFANEFRAFAR S AEE, B

SRR kG TG R B AT . REMSH [#24 S VYR E] 45 B SCES (fFR

Vi) R AT 5 &)
FIPRTSRELIT I ed BR A & v Lt fl > ptpre 3 8d &
?i%ﬁ’gﬁmitﬁgﬁ‘TAEA WHEREOT S o R
e R o R AT 2 g B N F\ﬁﬁﬁﬁﬂ @iﬁ%i&

o
"D ey (W25 26) 0 74 T EEES
B 68.9cm ~ {7 A 4 M 5 R
AL RE L RIFERR B w Rk

ﬁ 1%‘5:%; wﬂiﬁa}ﬁp 65 SCm\ =
B ARFEHE 5 238.4cm ;

ﬂL 3
1\1,

2
o »
\% -
'-‘»“i

1§25, P4 Sk 7R R PO SR B AE e 78 [ A B AU, S
LIRS PG A 7R BT . B S At R 4
TAEFEFEHE AT, R AHeR
BARGHF RABAT . I AR P ) AR AT
FEEREEEAE

[#126. 55 F.06F (6] 95 AOREULSEAG (R P




O R ERLT IFALT RRAFRE IR LFEFL I e RS
SFF PR ERMRE SEHETFG AR T L TR (LE
27~ 28) - f*‘éi;*:_ WG e B L R ESEE e IERE S 613cm > 74+
ER R R B RS Pg‘iﬁra,ﬁ&%g??,]gcm\ A ERE 2 P | BB 3R i &
TGS BT INT B % e AEEAE S 213.9cm ~ 7 A 2 AT TR T SRR
i R F % 5 22.8cm;

E27. BELAEEFEREERIMU - IERTTAK 28, /N E) Y A (i
FEASEIAME  AEAZEHACKRTR

o~ %W%%ag5wi&n@@iﬁ’ﬂw’&%ﬁ&%ﬁmﬁﬁﬁy
W f

BEd e e L FRD 20T 8 2 ) (LE29 -~ 30) -

1129, 4 SRR PR BLTETERE S, SN P 4 4k
SR RATRE . R E AT R

FE30. 5L R A BT SEEE I
L)

31 £2#3F

VR ERERESEERS SR LS RREL B R 2 LT A
‘ﬁ;ﬁ-‘r’} ’35&@}?‘ ’tFmgp’f #Bl"gg?};k P;jv;i'é‘L* J‘% ’ u’fi@ip '%,_’—j——yFFB,,gE
uzg_émgg,e’;fﬁ,{r;— Al R ggifb,r,\g"\kﬁ?g;glﬂsgg

Y S

R ﬁ?ﬁﬁ%EﬁWmFW:a%@mi PR AFGRELITE AT 5 AWHA

AR B AR IR S ?*”@mﬁﬁﬁw*?Eﬁ_éﬂﬁ’ﬁﬁ$ﬁ$°
-Ba T EARABEPOEETAFIENEL R EE AF6 A

AGRE S SREDER SR EL L R PR DE R ﬁ(%ﬁﬁli‘*r

b %S B3 XFE ) MABER L B a‘&ivwf?ﬂ;mﬁﬁ‘
H‘;Ji\i%q:_§7*/~ibh

[£90:A L‘j‘,'_-‘ﬁ#‘i;]ﬁmﬂ-‘i?’l‘fﬁ"ﬁ WAL KRB A
o MHB R E LR SR MR RL T EAEEE ’;f':EE
BEPWB2ZRT oI N ERESLY T REG “’ werm BN S



®31
SRDAETH ST > ABEUZFI L SN2 AT SRR
SRIE s s P B Rl T EE § iy e

SOEABIH  ERA T ERERESFEY e RO L T
mk yﬁ’ﬁ‘%ﬁwﬁ'faéiﬁ%ﬂ%£%gﬁm§? F o f&
¢OpliRERE 3D g B 0 AT Y 1 AN ST e % X i &k
@%ﬁ’iﬁﬂﬁﬁﬁﬁﬁoﬁ¥i&%ﬁmm@ﬁ’i$$mﬁiﬂ@%ﬁﬁ
@’%%@ﬁ*iﬁﬁﬁ’%%‘%ﬁ@**gi%%$°
BAF AR SRR T UAER TR RERET EEVE

Aot e s XA B REER S R LRIBRES A%
ﬁ»iiiﬁﬂ%’ﬁum€@¥IﬂMR’%ﬁM%m%ﬂ)?ﬂ’g&lﬁﬁ
e FET 0 HRRB-E € FH B4 o

B

REFEBRFEENp i DI ABRR R OFE - AT EF L2080 A
» % m?ﬁﬁm:wvﬁﬂﬁ§1®ﬁig’?%@W% éi%m$%i b3
FE E IR gl Cltl e SR 8 "‘f”?’%\% PR AR A - B ARG
£EoT é)}*ﬁ"ﬁy‘ o rEBEEELe > REHAPHEE T AP A
il A N SR e IS e AN 1 Y ¢ A

£ 2

2 T TE(2017) Bipled@* ERRFELE2LH 4 > 20174
iﬁp’iiijc’i‘—"’i’ ;_:r;_}g—/\q L o

2 e (2020) FHE B L F ARk B BB R
Nmﬁﬁﬁﬁﬁiihﬁgﬁfg¢?\o

10



Dippold E J, Tsai F. (2024) Enhancing Building Point Cloud Reconstruction from RGB
UAV Data with Machine-Learning-Based Image Translation[J]. Sensors (Basel,
Switzerland), 24(7).

Fu H, Nie Z, Pan X. (2025) Multiview stereo reconstruction of UAV remote sensing
images based on adaptive propagation with multiregional refinement[J]. Scientific
Reports, 15(1): 11130.

Urbanova P, Jurda M, Voijtisek T, et al.(2017) Using drone-mounted cameras for on-site
body documentation: 3D mapping and active survey[J]. Forensic Science
International, 281, pp.52-62.

Zhang X, Cheng S, Wang P a, et al. (2025) 3D Reconstruction and Large-Scale
Detection of Roads Based on UAV Imagery[J]. Materials (Basel, Switzerland),
18(9).

11



cancers

Article

Methylation-Mediated Silencing of miR-124-3 Regulates LRRC1
Expression and Promotes Oral Cancer Progression

Shin-Wei Liao 1, Xiao-Hui Liao !, Shao-Huang Wu !, Yu-Fen Li 2, Pin-Yi Chen !, Yi-Ling Wang !, Yin-Che Lu 3-4*

and Chien-Kuo Tai 1'*

check for
updates
Academic Editors: David Wong and

Lorenzo Lo Muzio

Received: 13 February 2025
Revised: 19 March 2025
Accepted: 25 March 2025
Published: 28 March 2025

Citation: Liao, S.-W.; Liao, X.-H.;
Wu, S.-H.; Li, Y.-F; Chen, P-Y.; Wang,
Y.-L.; Lu, Y.-C.; Tai, C.-K.
Methylation-Mediated Silencing of
miR-124-3 Regulates LRRC1
Expression and Promotes Oral Cancer
Progression. Cancers 2025, 17, 1136.
https:/ /doi.org/10.3390/
cancers17071136

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

Department of Biomedical Sciences, National Chung Cheng University, Chia-Yi 621, Taiwan;
ssaic2000@gmail.com (S.-W.L.)

Department of Public Health, China Medical University, Taichung 404, Taiwan

Department of Nursing, Min-Hwei Junior College of Health Care Management, Tainan 736, Taiwan
Division of Hematology-Oncology, Ditmanson Medical Foundation Chia-Yi Christian Hospital,
Chia-Yi 600, Taiwan

*  Correspondence: 04688@cych.org.tw (Y.-C.L.); biockt@ccu.edu.tw (C.-K.T.)

Simple Summary: Abnormal DNA methylation in the promoter of tumor suppressor
genes and dysregulated microRNA expression are detected early in the formation of tumor
cells and have been shown to influence tumor malignancy. This study investigated the
methylation status of miR-124-3 and its role in oral squamous cell carcinoma (OSCC)
progression. The Infinium MethylationEPIC BeadChip and bisulfite pyrosequencing assays
consistently identified hypermethylation of miR-124-3 in OSCC tissues relative to normal
oral tissues. Methylation of miR-124-3 contributes markedly to the downregulation of the
gene, leading to the increased expression of its target gene, leucine-rich repeat-containing 1,
which is considered to be positively associated with cancer progression. These findings
highlight DNA methylation of miR-124-3 as a potential diagnostic biomarker for the early
detection of OSCC and a therapeutic target for OSCC treatments.

Abstract: Background: Epigenetic alterations, including DNA methylation, play a crucial
role in the development of oral squamous cell carcinoma (OSCC) by regulating the expres-
sion of tumor suppressor genes and oncogenes. This study investigated the methylation
status of miR-124-3 and its role in OSCC progression. Methods: This study applied the
INlumina Infinium MethylationEPIC BeadChip assay to profile >850,000 CpG sites in paired
OSCC and normal tissues. The methylation data were validated by further analyzing the
methylation level of miR-124-3 by using a bisulfite pyrosequencing assay. We investigated
whether miR-124-3 acts as a tumor suppressor by establishing miR-124-3-overexpressing
OSCC cells and subjecting them to cell proliferation, colony formation, and migration
assays. Dual-luciferase reporter assay was used to validate the target genes of miR-124-3
in OSCC cells. Results: The Infinium MethylationEPIC BeadChip and bisulfite pyrose-
quencing assays consistently identified hypermethylation of miR-124-3 in OSCC tissues
relative to normal oral tissues. It was especially notable that miR-124-3 methylation levels
were markedly higher in late-stage tumors than in early-stage, and differed significantly
between early-stage tumor and normal tissues, indicating that miR-124-3 methylation is an
early event in OSCC development. Methylation of miR-124-3 contributes markedly to the
downregulation of the gene, leading to the increased expression of its target gene, leucine-
rich repeat-containing 1 (LRRC1), which is considered to be positively associated with
cancer progression. Moreover, overexpression of miR-124-3 suppressed the proliferation
and migration of OSCC cells, while silencing the expression of LRRC1 produced similar
tumor-suppressive effects. Luciferase reporter assays confirmed that miR-124-3 directly tar-
gets the 3’ untranslated region of LRRC1 to downregulate LRRC1 expression. Conclusions:
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Hypermethylation-mediated downregulation of miR-124-3 results in increased LRRC1
expression, which drives OSCC progression. These findings highlight DNA methylation
of miR-124-3 as a potential biomarker for the early detection of OSCC and a therapeutic
target for OSCC treatments.

Keywords: DNA methylation; miR-124-3; LRRC1; oral cancer; tumor suppressor

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sixth-most-prevalent cancer
globally, with an estimated 900,000 new cases being diagnosed and over 400,000 deaths
attributed to the disease annually [1]. Oral squamous cell carcinoma (OSCC) is a sub-
type of HNSCC that ranks among the most prevalent malignancies of the head and neck
region. OSCC predominantly occurs in Asia and its prevalence is higher in males than
females [2]. The current cornerstone therapeutic interventions for OSCC are surgical re-
section, chemotherapy, and radiotherapy. However, these interventions—and especially
combined chemotherapy and radiotherapy—are associated with poor prognoses and thera-
peutic efficacies, due to approximately 60% of OSCC cases being diagnosed at advanced
stages (III and IV), often with regional lymph node involvement. Consequently, the 5-year
survival rate for advanced-stage OSCC patients remains as low as 30%. Early-stage diag-
nosis dramatically improves patient outcomes, with survival rates nearing 90% following
appropriate multimodal treatment [3]. Thus, there is an urgent clinical need to identify
reliable biomarkers for facilitating early detection and hence improving the prognosis of
OSCC [4,5].

The main risk factors for OSCC include tobacco use, excessive alcohol consumption,
and betel quid chewing, all of which contribute to the carcinogenesis of oral tissues [6].
Additionally, human papillomavirus (HPV) infection, particularly with high-risk subtypes
such as HPV16/18, has been implicated in a subset of OSCC cases, further emphasizing
the diverse etiological factors contributing to OSCC malignancy [7]. Betel quid chewing
is particularly prevalent in Taiwan [8]. These risk behaviors support the accumulation of
genetic mutations and epigenetic alterations, thereby promoting the progression from oral
precancerous lesions to invasive malignancies.

Despite the extensive understanding of these risk factors, the exact mechanisms under-
lying carcinogenesis—particularly the interactions among diverse molecular pathways—
remain unclear. A thorough understanding of the genetic alterations implicated in the
pathogenesis of oral cancer is crucial, which might not only clarify the underlying mecha-
nisms of tumorigenesis but also lead to the identification of biomarkers and the develop-
ment of more-effective therapeutic strategies, ultimately improving patient outcomes.

Recent research has provided strong evidence for the involvement of epigenetic reg-
ulation in the onset and progression of cancer [9-11]. Abnormal DNA hypermethylation
in the promoter region of tumor suppressor genes and dysregulated microRNA (miRNA)
expression are detected early in the formation of tumor cells, and have been shown to
influence carcinogenesis and tumor malignancy [12,13]. We explored epigenetic changes in
oral cancer using the Shiny Methylation Analysis Resource Tool (SMART), which provides
DNA methylation data for 33 types of cancer in the TCGA database [14]. This tool has
revealed that miR-124-3, a member of the miR-124 family, is hypermethylated in tumor
tissues relative to their corresponding normal tissues across various cancers, including
HNSCC.
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miRNAs are small noncoding RNAs involved in RNA silencing and the posttran-
scriptional regulation of gene expression [15]. In cancer research, miRNAs are considered
crucial signaling components in tumorigenesis and appear increasingly promising as dis-
ease diagnostic biomarkers [16,17]. Although various miRNAs can function as oncogenes
or tumor suppressors in different tumor types, there is substantial evidence that miR-124
acts as a tumor suppressor in several types of cancer, including HNSCC, glioblastoma,
gastric cancer, hepatocellular carcinoma, colorectal cancer, and lung cancer. miR-124 is
involved in inhibiting the proliferation, migration, and invasion of tumor cells, and even
enhancing their chemosensitivity [18-24]. In OSCC, miR-124 has been shown to suppress
cell motility by downregulating the expression of integrin beta-1, a membrane receptor
involved in cell adhesion, which reduces the adherence and motility OSCC cells [25]. In
addition to its role in regulating OSCC cell motility, miR-124 downregulation has also been
observed in an animal model of carcinogen-induced oral cancer, further underscoring its
potential involvement in oral carcinogenesis [26]. However, its altered methylation status
and functional implications in OSCC have not been fully investigated.

Leucine-rich repeat-containing 1 (LRRC1) is characterized by 14 exons and is respon-
sible for encoding 524 amino acid residues, including 16 leucine-rich repeat sequences
and a LAP-specific domain [27]. Similar to other leucine-rich repeat-containing proteins,
such as SCRIB, LRRC1 is located at the basolateral side of epithelial cells and involved
in the regulation of cell polarity. There is increasing evidence implicating LRRC1 in the
progression of certain cancers, including cholangiocarcinoma, hepatocellular carcinoma,
and acute myeloid leukemia (AML) [28-30]. However, the relationship between miR-124-3
and LRRC1 as well as the function of LRRC1 in OSCC remain unclear.

This study applied the Illumina Infinium MethylationEPIC BeadChip assay to profile
853,307 CpG sites, including >350,000 located in regulatory regions, and other genomic
features [31] in 23 paired OSCC and normal tissues. We observed that the methylation level
was significantly higher in OSCC tissues than in the normal oral tissues at all 13 CpG sites
of miR-124-3 analyzed using the assay. The methylation data were validated by further
analyzing the methylation status of miR-124-3 in 18 additional paired OSCC and normal
tissues by using a pyrosequencing assay. In addition, we found that the expression level of
miR-124-3 was low in OSCC cell lines, and restoring miR-124-3 expression in OSCC cells
inhibited the proliferation, colony formation, and migration of these cells, highlighting
its potential role in suppressing OSCC tumorigenicity. Applying a luciferase reporter
assay identified LRRC1 as a direct target gene of miR-124-3, and lentiviral-vector-mediated
knockdown of LRRC1 in OSCC cells decreased their proliferation and migration. These
findings reveal the roles and mechanisms of miR-124-3 methylation and its target gene
LRRC1 in OSCC, underscoring their potential as biomarkers and therapeutic targets.

2. Methods
2.1. Sample Collection and Bisulfite Conversion of Genomic DNA

The paired OSCC and adjacent normal tissues used in this study were collected from
patients after obtaining informed consent in accordance with a protocol approved by
the Institutional Review Board of China Medical University Hospital, Taiwan (IRB no.
CMUH102-REC1-054). Genomic DNA of these tissues was extracted using the Gentra Pure-
gene tissue kit (Qiagen, Hilden, Germany) and subjected to bisulfite conversion using the
EZ DNA methylation kit (Zymo Research, Irvine, CA, USA). Bisulfite-converted Universal
Methylated Human DNA (Zymo Research) was used as an in vitro methylated DNA (IVD)
control for the methylation level, determined using the pyrosequencing assay.
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2.2. Bisulfite Pyrosequencing Assay

Bisulfite-converted DNA was amplified using the following primer pair specific to the
miR-124-3 promoter that targeted the region from —191 to +19 relative to the miR-124-3
transcription start site (TSS): 5'-GAAAGGGGAGAAGTGTGGGTTTT-3' (forward) and
5'-biotin-rACACCCAAAAAAACCCTCAAAACTAAA-3 (reverse). The amplified PCR
products were sequenced using the PyroMark Gold Q24 reagents and the PyroMark Q24
DNA sequencer (Qiagen) with the sequencing primer 5'-GGAGGATTGGGATAGTATA-
3’ following the manufacturer’s instructions. The level of miR-124-3 methylation was
calculated and then normalized as a percentage using the IVD standard.

2.3. Cell Culture

The OSCC cell lines OC2 and OCSL, established from two Taiwanese male patients
with a history of betel nut chewing, alcohol consumption, and smoking, were grown in
RPMI 1640 medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine
serum (FBS, Invitrogen; Thermo Fisher Scientific, Waltham, MA, USA). The OSCC cell line
SCC25 was grown in a 1:1 mixture of DMEM (Gibco) and Ham’s F12 Nutrient Mixture
(Gibco) supplemented with 10% FBS, 2.5 mM L-glutamine, 15 mM HEPES, 0.5 mM sodium
pyruvate and 400 ng/mL hydrocortisone (Sigma—Aldrich, Burlington, MA, USA). The
OSCC cell line HSC3 was grown in a 1:1 mixture of DMEM and Ham'’s F12 Nutrient
Mixture supplemented with 10% FBS. The human prostate cancer cell line 22Rv1 was
maintained in RPMI 1640 medium supplemented with 10% FBS. The transformed human
embryonic kidney cell line 293T was maintained in DMEM supplemented with 10% FBS.

2.4. RNA Extraction and Quantitative Reverse-Transcription PCR

Total RNA was isolated from cell lines using the REzol C & T reagent (Protech Tech-
nology Enterprise, Taipei, Taiwan) following the manufacturer’s instructions. Portions
of the extracted RNA were used to synthesize complementary DNA (cDNA) with the
Mir-X miRNA first-strand synthesis kit (Clontech, Mountain View, CA, USA). Quantitative
reverse-transcription PCR (RT-PCR) was implemented using the ABI StepOne real-time
PCR system (Applied Biosystems, Waltham, MA, USA) under the following conditions:
initial denaturation at 95 °C for 5 min, followed by 40 cycles of 95 °C for 30 s, 66 °C for 30 s,
and 72 °C for 45 s. The following primers were used for miR-124-3 and LRRC1 cDNA ampli-
fication: 5-AGGGCCCCTCTGCGT-3' (miR-124-3 forward), 5-GGAGGCGCCTCTCTTGG-
3’ (miR-124-3 reverse), 5'-CAGACTAACTCGGATACCTGCAG-3' (LRRC1 forward), and
5-CTGGTTGTCAGATAGCCACAGAG-3’' (LRRC1 reverse). GAPDH was also ampli-
fied as an internal control using the primers 5-TTGACGGTGCCATGGAATTT-3' and
5'-GCCATCAATGACCCCTTCATT-3'. The expression levels of miR-124-3 and LRRC1 were
normalized to that of GAPDH.

2.5. 5-Aza-2'-Deoxycytidine Treatment

OSCC cells were seeded at a density of 1.5 x 10° in 6-cm culture dishes. After allowing
the cells to adhere for 4 h, DMSO, 0.5 uM 5-aza-2'-deoxycytidine (5-Aza-dC), or 2 uM
5-Aza-dC (Sigma—Aldrich) was added. After 72 h of exposure, cells were harvested for
DNA, RNA, and protein extraction.

2.6. Cell Proliferation Assay

Cells were seeded onto replicate 96-well plates at a density of 2000 cells/well. The cell
proliferation was assessed at different time points (4, 24, 48, and 72 h) using the MTS assay
with the CellTiter Aqueous One Solution Cell proliferation assay kit (Promega, Madison,
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WI, USA). The OD (optical density) of cells was determined using a 96-well microplate
reader at 492 nm (Revelation, Dynex Technologies, Chantilly, VA, USA).

2.7. Colony Formation Assay

Five hundred OSCC cells were seeded in six-well plates and allowed to grow for
1 week or until visible colonies had formed. Cells were then fixed using methanol for
15 min, stained with Giemsa solution (Sigma-Aldrich) for 30 min, and rinsed with ddH,O.
Colonies were counted by visual inspection under a microscope.

2.8. Transwell Cell Migration Assay

A cell migration assay was implemented using 24-well cell culture insert plates (Mil-
licell, Millipore, Burlington, MA, USA). RPMI 1640 medium with 10% FBS was added to
the lower chamber of the 24-well plate. In the upper transwell insert, 2 x 10* cells were
seeded in RPMI 1640 medium containing 0.5% FBS. OCSL and OC2 cells were allowed
to migrate for 16 and 36 h, respectively. The transwell insert was washed with PBS, fixed
with 4% formaldehyde for 10 min, and stained with Giemsa solution for 15 min. Following
staining, the transwell insert was rinsed with ddH,O and the cells on the apical side were
removed using a cotton swab. Cell migration was quantified by counting cells under a
light microscope with a 100 x objective.

2.9. Western Blot Assay

Cells were lysed using RIPA Lysis and Extraction Buffer with a protease inhibitor
cocktail (Thermo Fisher Scientific) following the manufacturer’s instructions. The protein
samples from the lysates were separated by SDS-PAGE and subsequently transferred to
PVDF membranes. The membranes were incubated with primary antibodies against LRRC1
(Abcam, Cambridge, UK) and (-actin (Sigma—Aldrich) followed by with secondary anti-
bodies conjugated with horseradish peroxidase, and were then visualized with Amersham
Hyperfilm ECL (Cytiva, Marlborough, MA, USA).

2.10. Construction of Plasmid for Transient Transfection

The DNA of human miR-124-3 (~0.4 kb) was amplified from 293T cells using the PCR
with the primers 5-TTTGGATCCGAAAGGGGAGAAGTGTG-3' and 5'-TTTAAGCTTGTT
CGCCGGATTTGT-3'. The DNA was then cloned into the pSilencer 4.1-CMV vector
(Thermo Fisher Scientific) at the BamHI and HindlIII sites to create the pSilencer_miR-
124-3 plasmid. After transient transfection with the pSilencer 4.1-CMV vector or the
pSilencer_miR-124-3 plasmid using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA),
OSCC cells were selected by incubating them with 2 ug/mL puromycin (Sigma-Aldrich)
for 2 days.

2.11. Construction and Production of Lentiviral Vector

To construct a lentiviral vector expressing miR-124-3, the same miR-124-3 DNA frag-
ment was inserted into the pLKO_AS1008 lentiviral vector plasmid (obtained from Na-
tional RNAi Core Facility, Taiwan), which yielded the pLKO_AS1008_miR-124-3 plasmid.
The pLKO_AS1008 or pLKO_AS1008_miR-124-3 plasmid was then co-transfected with
lentiviral packaging plasmids pCMVdeltaR8.91 and pMD.G into 293T cells. At 48 h post-
transfection, the lentivirus-containing supernatants were collected for use in transduction
assays. Successful infection of LKO_AS1008 or LKO_AS1008_miR-124-3 was monitored
by GFP expression, and the infected cells were sorted using a cell sorter (FACSAria III, BD
Bioscience, Franklin Lakes, NJ, USA).

A lentiviral vector expressing short hairpin RNA (shRNA) was produced by trans-
fecting pCMVdeltaR8.91, pMD.G, and pLKO.1-puro plasmid carrying an shRNA (ob-
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tained from National RNAi Core Facility, Taiwan) into 293T cells. The shRNA se-
quences specific for LRRC1 and GFP were 5'-GAACTAGATGTGTCTCGAAAT-3" and
5'-CAACAGCCACAACGTCTATAT-3', respectively. OSCC cells infected with the sShLRRC1-
expressing lentiviral vector were selected by treatment with 2 pg/mL puromycin (Sigma-—
Aldrich) for 2 days. Cells infected with the shGFP-expressing lentiviral vector were used as
a control.

2.12. Construction of Luciferase Reporter Plasmids and Luciferase Activity Assay

The pmirGLO plasmid (Promega) was used to construct luciferase reporter plas-
mids containing the wild-type or mutated LRRC1 3’ untranslated region (3'UTR). The
wild-type LRRC1 3'UTR fragment and its mutated versions were cloned into pmir-
GLO at the Sacl and Xbal restriction sites to generate pLRRC1_WT, pLRRC1_sitel_mut,
and pLRRC1_site2_mut, respectively. The mutated LRRC1 3'UTR fragments were gen-
erated using the Q5 Site-Directed Mutagenesis Kit (New England Biolabs, Ipswich,
MA, USA) with the following LRRC1 sitel and site2 mutation primers designed using
NEBaseChanger: 5-GAATCTCATCCCGCAACCAGTC-3' (sitel mutation forward), 5'-
CGTGTTCCTGGGAGCAGCAGC-3' (sitel mutation reverse), 5'-GAATCTGTATCCTGTGT
CATGTC-3' (site2 mutation forward), 5'-CGTGAAGTGGATGGTACAAATAAAAAC-
3’ (site2 mutation reverse). The pmirGLO, pLRRC1_WT, pLRRCI1_sitel_mut, and
pLRRC1_site2_mut constructs were transfected into LKO_AS1008- or LKO_AS1008_miR-
124-3-transduced OSCC cells. Luciferase activity was quantified at 48 h post-transfection
using a dual-luciferase reporter assay (Promega) according to the manufacturer’s protocol.

2.13. Statistical Analyses

Methylation levels were compared between paired normal and tumor groups using
paired t-tests. The t-tests were used to compare methylation levels, gene expression, and the
proliferation, colony formation, and migration of cells between two independent groups.
Receiver operating characteristic (ROC) curves and the areas under the ROC curves (AUCs)
were calculated to quantify the accuracy of using the methylation level for detecting OSCC.
Differences at p < 0.05 were deemed significant. All analyses were performed using SAS
(version 9.4, SAS Institute), and data were visualized using the Matplotlib library (version
3.9.2) in Python (version 3.12.6).

3. Results
3.1. miR-124-3 Is Frequently Hypermethylated in OSCC Tissues

Methylation changes in OSCC tissues were identified precisely by applying the In-
finium MethylationEPIC BeadChip assay to 23 paired OSCC and adjacent normal tissue
specimens. The characteristics of the included patients are summarized in Table 1A. All
13 CpG sites of miR-124-3 analyzed using the assay exhibited significantly higher methyla-
tion levels in OSCC tissues than in normal oral tissues (p < 0.0001, Table 2). The methylation
data were validated by subjecting an additional set of 18 paired OSCC and adjacent normal
tissue samples (Table 1B) to pyrosequencing analysis of the sequence upstream of the
miR-124-3 TSS from —80 to —138, which covers 10 CpG sites (Figure 1A). The methylation
levels at all 10 CpG sites assayed were significantly higher in tumor tissues than in their
counterpart normal tissues (p < 0.0001, Figure 1B). In addition to the observed differences in
methylation levels between normal and tumor tissues, the miR-124-3 methylation level was
higher in late-stage (P3 + P4) than early-stage (P1 + P2) tumor tissues across all CpG sites
(Figure 1C), indicating a positive correlation between increased miR-124-3 methylation and
progression of OSCC malignancy.
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Table 1. Selected patients” characteristics.
(A) For Infinium MethylationEPIC BeadChip Assay
Patients
Characteristics (n=23)
Age (years, mean £ SD) 50.6 £7.6
Pathological Stage n %
P1 3 13.0%
P2 5 21.8%
P3 8 34.8%
P4 7 30.4%
(B) For Pyrosequencing Assay
Patients
Characteristics (n=18)
Age (years, mean £ SD) 54.5 £10.9
Pathological Stage n %
P1 3 16.7%
P2 5 27.8%
P3 6 33.3%
P4 4 22.2%
SD: standard deviation.
Table 2. Performance of 13 CpG sites of miR-124-3 for detecting OSCC.
UCsC Discrimination Statistics
Mean A
Probe RefGene Group B AUC (95% CI) p
cg08737296 TS51500 0.14 091 (0.82, 0.99) <0.0001
cg02650317 TS51500 0.22 0.88 (0.77, 0.99) <0.0001
cg02065637 T551500 0.30 0.94 (0.87, 1.00) <0.0001
cg04927004 TS51500 0.11 0.85 (0.72, 0.97) <0.0001
cg15699267 TS51500 0.26 0.90 (0.80, 0.99) <0.0001
¢g20277905 TS5200 0.16 0.89 (0.80, 0.98) <0.0001
cg19267861 TS5200 0.25 091 (0.82, 1.00) <0.0001
cg03387135 TS5200 0.18 0.85 (0.73, 0.97) <0.0001
cg01052879 T55200 0.16 0.89 (0.79, 0.99) <0.0001
cg18627360 155200 0.13 0.90 (0.81, 0.99) <0.0001
cg15028514 TS5200 0.15 0.90 (0.80, 0.99) <0.0001
cg06660530 Body 0.16 0.87 (0.77, 0.97) <0.0001
cg18772588 Body 0.20 0.86 (0.75, 0.97) <0.0001
AB = Btumor — Prnormal; AUC = area under the ROC curve; CI = confidence interval.

The methylation status of miR-124-3 determined using the pyrosequencing assay

appeared to be a promising candidate biomarker for detecting OSCC. The AUC for using

methylation levels to detect all-stage OSCC was 0.94 (Figure 1D) and, to detect early-stage
OSCC, 0.86 (Figure 1E). These results suggest that the hypermethylation of miR-124-3, as
observed in early-stage tumor tissues, could serve as a valuable biomarker for the early
detection of OSCC.
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Figure 1. Pyrosequencing analysis of the methylation status in the promoter regions of miR-124-3.
(A) The region from —191 to +19 was amplified using PCRs, and the area between —80 and —138,
which covers 10 CpG sites, was sequenced using a pyrosequencing primer. The distribution of CpG

sites is indicated by vertical bars. (B) The methylation status of miR-124-3 was analyzed in 18 paired

OSCC and adjacent normal tissue samples. In each box plot, the whiskers represent the 10th and
90th percentiles, the box indicates the median with the 25th and 75th percentiles, and the red line is
the mean. (C) Methylation levels were further compared between early-stage and late-stage tumor
tissues. (D) The ROC curve obtained using miR-124-3 methylation to detect all-stage OSCC showed
an AUC of 0.94. (E) The ROC curve obtained using miR-124-3 methylation to detect early-stage
(P1 + P2) OSCC showed an AUC of 0.86. N vs. T, normal tissue vs. tumor tissue. E vs. L, early-stage

tumor tissue vs. late-stage tumor tissue.
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3.2. Regulation of miR-124-3 Expression by DNA Methylation

A pyrosequencing assay was also used to analyze the methylation levels of miR-124-
3 promoter in the OSCC cell lines SCC25, OC2, HSC3, and OCSL. It is known that the
22Rv1 cell line exhibits low methylation levels in miR-124-3, and so 22Rv1 was used as the
control cell type in the pyrosequencing assay [32]. The results showed that the normalized
methylation levels of CpG sites were higher in the four OSCC cell lines than in the 22Rv1
cell line (Figure 2A). A high methylation level in the DNA promoter region is one of the key
contributors to gene silencing, and so we performed quantitative RI-PCRs to measure the
expression levels of miR-124-3 in these OSCC cell lines. The expression level of miR-124-3
was significantly lower in all four OSCC cell lines than in 22Rv1 (Figure 2B).

We then treated the OSCC cell lines with the demethylating agent 5-Aza-dC to evaluate
whether reducing the promoter methylation levels could restore miR-124-3 expression. The
pyrosequencing assay demonstrated a reduction in methylation levels across 10 CpG sites
in the miR-124-3 promoter region following 5-Aza-dC treatment (Figure 2C). In OC2 cells,
the mean methylation level across the 10 CpG sites decreased from 1 in the DMSO control
group to 0.79 and 0.79 following treatment with 0.5 and 2 pM 5-Aza-dC, respectively; the
corresponding changes were to 0.94 and 0.92, respectively, in HSC3 cells, and to 0.86 and
0.63 in OCSL cells. Although treatment with 5-Aza-dC could reduce the methylation level
of miR-124-3 in these OSCC cell lines, the changes in miR-124-3 expression in HSC3 and
OCSL cells were only significant for the higher concentration of 5-Aza-dC, and that in OC2
cells was not significant at either concentration (Figure 2D).

3.3. MiR-124-3 Inhibits the Proliferation and Migration of OSCC Cells

To assess the impact of miR-124-3 for OSCC cells, miR-124-3 expression vectors were
transfected into OSCC cells and quantitative RT-PCRs were employed to confirm the re-
expression of miR-124-3 in the cells (Figure 3A). The MTS assay revealed that overexpression
of miR-124-3 significantly inhibited cell proliferation at all time points after 24 h in OC2 and
OCSL cells (Figure 3B). The cell colony formation assay also showed that overexpression
of miR-124-3 in OC2 cells resulted in significant reductions in both the number and size
of the colonies formed (Figure 3C). A cell migration assay was additionally conducted to
determine the effect of miR-124-3 on OSCC cell migration, which revealed that miR-124-3
overexpression significantly reduced the migration of OC2 and OCSL cells compared with
the control groups (Figure 3D). Together these data indicate that miR-124-3 inhibits the
growth and motility of OSCC.

3.4. MiR-124-3 Downregulates LRRC1 Expression by Targeting Its 3 UTR

We used three databases to identify the target gene through which miR-124-3 inhibits
tumor cell growth and migration: TargetScan 7.1, miRDB, and DIANAlab. From each
database, we selected the top 50 genes with the highest prediction scores and identified
7 overlapping candidate genes. We then excluded genes with low expression in OSCC,
further refined our selection based on literature review, and ultimately focused on LRRC1. It
is known that LRRC1 is associated with cancer progression [28-30], and its 3'UTR contains
two binding sites (GUGCCUUA) for miR-124-3 according to the miRDB database. To
confirm whether LRRC1 is a target gene of miR-124-3, we examined the expression of
LRRC1 mRNA and protein in miR-124-3-overexpressing cells. The results showed that both
LRRC1 mRNA and protein levels were significantly lower in miR-124-3-overexpressing
OSCC cell lines than in the control group (Figure 4A; Supplementary Figure S1).
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Figure 2. Regulation of miR-124-3 expression by DNA methylation. (A) Pyrosequencing assay of the
miR-124-3 methylation status in the OSCC cell lines and the 22Rv1 cell line. The methylation level of
each of the 10 CpG sites was normalized as a percentage using the IVD standard (given as 100%).
(B) Relative expression levels of miR-124-3 in the OSCC cell lines. The expression level of miR-124-3
in OSCC cells was normalized to that of the 22Rv1 cell line. (C) The methylation levels of the 10 CpG
sites in miR-124-3 were measured using a pyrosequencing assay after 5-Aza-dC treatment. Cells
were treated with DMSO, 0.5 uM 5-Aza-dC, or 2 uM 5-Aza-dC for 3 days. After normalization using
IVD standard, the methylation level of each of the 10 CpG sites was expressed relative to that in the
DMSO-treated group. (D) The expression level of miR-124-3 in the OSCC cell lines after 5-Aza-dC
treatment was measured using a quantitative RT-PCR. The expression level of miR-124-3 in the OSCC
cell lines was compared with that of DMSO-treated cells. Data are mean and standard deviation
values. * p < 0.05.
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Figure 3. Restored miR-124-3 expression suppressed the proliferation, colony formation, and migra-
tion of OSCC cells. (A) Graph showing the results of quantitative RT-PCR analyses of miR-124-3
RNA levels in cells transfected with pSilencer 4.1-CMV vector or pSilencer_miR-124-3, with pSilencer
4.1-CMV vector-transfected cells set to 1. (B) The effect of miR-124-3 on the proliferation of OSCC
cells was assessed using the MTS assay. OD values of cells were read using the Revelation 96-well
microplate reader at 492 nm. (C) The cell colony formation assay showed that OC2 cells transfected
with pSilencer_miR-124-3 formed fewer and smaller colonies. (D) The effect of miR-124-3 on OSCC
cell migration was evaluated using the transwell migration assay. Data are mean and standard
deviation values. * p < 0.05. Vec, pSilencer 4.1-CMYV vector; miR-124-3, pSilencer_miR-124-3.

We subsequently used dual-luciferase reporter plasmids containing the wild-type or
mutated LRRC1 3'UTR to determine whether miR-124-3 directly binds to the LRRC1 3'UTR
to suppress LRRC1 expression (Figure 4B). We found that co-expression of miR-124-3 in
OSCC cells significantly suppressed the luciferase activity of the wild-type LRRC1 3'UTR,
while a single binding-site mutation of the LRRC1 3'UTR partially rescued the luciferase
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activity (Figure 4C). These results demonstrate that miR-124-3 inhibits LRRC1 expression
by directly binding to the miRNA binding sites within the LRRC1 3'UTR. It was especially
notable that both binding sites in that 3'UTR are involved in the regulation of LRRC1

expression.
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Figure 4. The LRRC1 gene is a direct target of miR-124-3. (A) Graph showing the results of quantitative
RT-PCR analyses of LRRC1 expression in cells transduced with lentiviral vector LKO_AS1008 or
LKO_AS1008_miR-124-3, with LKO_AS1008-transduced cells set to 1. Western blot findings of
LRRC1 expression in cells transduced with LKO_AS1008 or LKO_AS1008_miR-124-3, with (3-actin
used as a loading control. Quantification was performed by normalizing LRRC1 to p-actin and
expressing it relative to the NC group. (B) Construction of luciferase reporter plasmids containing
the wild-type or mutated LRRC1 3'UTR. The sequences of potential miR-124-3 binding sites in the
3'UTR of LRRC1 are shown in red. The corresponding mutated sequences in the LRRC1 3'UTR in
PLRRC1_sitel_mut and pLRRC1_site2_mut are shown in blue. (C) Luciferase activity assay confirmed
that LRRC1 was the direct target gene of miR-124-3. The pmirGLO, pLRRC1_WT, pLRRC1_sitel_mut,
and pLRRC1_site2_mut constructs were transfected into LKO_AS1008- or LKO_AS1008_miR-124-
3-transduced OSCC cells. At 48 h post-transfection, luciferase activity was quantified using a dual-
luciferase reporter assay. Data are mean and standard deviation values. * p < 0.05. NC, LKO_AS1008-
transduced cells; miR-124-3, LKO_AS1008_miR-124-3-transduced cells; WT, pLRRC1_WT; sitel mut,
PLRRC1_sitel_mut; site2 mut, pLRRC1_site2_mut.
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3.5. Knockdown of LRRC1 Inhibits the Proliferation and Migration of OSCC Cells

We further investigated the role of LRRC1 in OSCC cell proliferation and migration
by using lentiviral-vector-mediated RNA interference to knock down LRRC1 in OSCC
cell lines. The expression of LRRC1 was significantly suppressed in terms of the levels of
both mRNA and protein after LRRC1 knockdown (Figure 5A; Supplementary Figure S2).
Similar to miR-124-3 overexpression, knockdown of LRRC1 in OSCC cell lines reduced
both cell proliferation (Figure 5B) and migration (Figure 5C).
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Figure 5. Knockdown of LRRC1 expression significantly reduced the proliferation and migration
of OSCC cells. (A) Graph showing the results of quantitative RI-PCR analyses performed to assess
LRRC1 expression levels in OSCC cells transduced with lentiviral vector carrying shLRRC1 or shGFP.
The expression level of each shGFP-transduced cell was assigned a value of 1. Western blot findings of
LRRC1 expression in cells transduced with lentiviral vector carrying shLRRC1 or shGFP, with (3-actin
used as a loading control. Quantification was performed by normalizing LRRC1 to p-actin and
expressing it relative to the shGFP group. (B) The effect of LRRC1 knockdown on the proliferation of
OSCC cells was assessed using the MTS assay. The increases in cell numbers were normalized to the
number of cells at 4 h after cell seeding. (C) The effect of LRRC1 knockdown on OSCC cell migration
was evaluated using the transwell migration assay. Data are mean and standard deviation values.
* p < 0.05. shLRRC1, shLRRC1-expressing lentiviral vector; shGFP, shGFP-expressing lentiviral vector.
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4. Discussion

DNA methylation holds great promise as a cancer biomarker, having potential not
only in detecting early-stage malignancy but also in monitoring disease progression and
recurrence posttreatment [33-36]. The application of SMART to 23 cancer types and their
corresponding normal tissues from the TCGA database—of 33 available cancer types in
the database, 23 types have been compared with their corresponding normal tissues [14]—
identified miR-124-3 with a high methylation level in 17 types of cancer, including HNSCC.
In this study we employed a high-throughput methylation microarray to investigate DNA
methylation profiles in 23 paired OSCC and normal tissues. Our analyses identified that
the methylation level of miR-124-3 (20q13.33) was significantly higher in OSCC tissues
than in normal oral tissues. The methylation microarray data also revealed that the two
other members of the miR-124 family, miR-124-1 (8p23.1) and miR-124-2 (8q12.3), are highly
methylated in OSCC (Supplementary Table S1). Although miR-124 hypermethylation in
OSCC has been confirmed in the present study, the sample size remains relatively small for
broader applicability of our conclusion. Further studies with large cohorts are necessary to
substantiate these findings.

Pyrosequencing analysis revealed that the miR-124-3 methylation level was markedly
higher in late-stage than early-stage tumors. We additionally identified a significant
difference in methylation level between normal and early-stage tumor tissues, quantified
as an AUC of 0.86 for distinguishing early-stage tumors from normal tissues, indicating
that miR-124-3 methylation is an early event in OSCC development. This underscores
the potential of miR-124-3 methylation profiling as a clinical biomarker for early OSCC
detection. All 10 CpG sites analyzed using a pyrosequencing assay showed significant
differences in methylation levels between early and late stages, indicating that methylation
increased as the oral tumorigenesis progressed.

The role of DNA methylation in suppressing miR-124 expression has been reported in
breast, colon, and gastric cancers [37-39]. We assessed whether miR-124-3 RNA expression
in OSCC is impacted by DNA methylation by treating the OC2, HSC3, and OCSL OSCC
cell lines with 5-Aza-dC. This treatment reduced miR-124-3 methylation levels in all three
cell lines tested, leading to increased expression of miR-124-3 in HSC3 and OCSL cells but
not in OC2 cells. Applying 5-Aza-dC at a higher concentration (>2 pM) might induce a
larger reduction of methylation so as to reactivate miR-124-3 expression in OC2 cells. In
addition, previous studies have found that combined treatment with 5-Aza-dC and the
histone deacetylase inhibitor trichostatin A synergistically induced the re-expression of
some epigenetically silenced genes [40-42]. However, we found that combined treatment
did not significantly reduce miR-124-3 methylation or increase miR-124-3 expression in the
OSCC cell lines tested, indicating that DNA methylation is the main mechanism underlying
the suppression of miR-124-3 expression in OSCC.

It has been reported that miR-124 is downregulated and acts as a tumor suppressor
in various cancer types [43]. Our application of bioinformatics tools to investigate the
tumor-suppressive mechanisms of miR-124-3 in OSCC identified LRRC1 as a potential
target of miR-124-3. Our luciferase activity assay confirmed that LRRC1 is a direct target of
miR-124-3 in OSCC, with miR-124-3 specifically inhibiting LRRC1 expression through bind-
ing to its 3'UTR. Furthermore, knockdown of LRRC1 expression led to tumor-suppressive
effects similar to those induced by overexpression of miR-124-3 in OSCC. Similarly, LRRC1
has been shown to promote tumor progression in AML, with its knockdown inhibiting pro-
liferation and glycolysis while promoting apoptosis [29]. Moreover, circ-ZNF609 promotes
tumor progression in cholangiocarcinoma by upregulating LRRC1 via targeting miR-432-
5p, leading to increased proliferation, migration, and invasion [30]. To further investigate
the clinical significance of LRRC1, we explored the TCGA database for identification of
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potential prognostic genes in HNSCC and our analysis reveals that LRRC1 expression was
significantly higher in tumor tissues than in normal tissues. However, its association with
patients’ prognosis remains unclear, as survival analysis of HNSCC patients did not show
a strong correlation between LRRC1 expression level and overall survival.

Despite this, our findings suggest that targeting LRRC1 through miRNA-based ap-
proaches such as miR-124-3 may have therapeutic potential. Indeed, therapeutic strategies
using miRNAs have been explored in other cancer types; for example, in cisplatin-resistant
lung cancer, bone-marrow mesenchymal stem-cell-derived exosomes shuffle miR-193a has
been shown to downregulate LRRC1, thus inhibiting the proliferation, colony formation,
invasion, and migration of tumor cells, while promoting apoptosis [44]. This suggests that
targeting LRRC1 through miRNA modulation could be an effective strategy across different
cancer types. However, to determine the feasibility of this therapeutic strategy, in vivo
experiments evaluating how miR-124-3 restoration would affect tumor progression need to
be conducted in the future. Nonetheless, despite the lack of in vivo evidence, the outcomes
of our in vitro functional assays in the present study are consistent with prior studies [43]
identifying miR-124-3 as a tumor suppressor, supporting the potential therapeutic value of
miR-124-3 for OSCC.

5. Conclusions

The present study concludes that miR-124-3 methylation is not only a potential di-
agnostic biomarker for early-stage OSCC but also acts as a tumor suppressor by directly
targeting LRRC1, thereby inhibiting the proliferation and migration of OSCC cells. Fur-
ther explorations of additional target genes of miR-124-3 in OSCC may yield promising
strategies for cancer therapy.
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blot findings of LRRC1 expression in cells transduced with lentiviral vector carrying shLRRC1 or
shGFP; Table S1: Performance of CpG sites of miR-124-1 and miR-124-2 for detecting OSCC.
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