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SERF R EL ZZ vl (PBS) il CAL-27 AU 3L E 3%, H A Be s ek S s 7k 1 A0 i i 432, FH qPCR A
CAL-27 40 /ifd miR-1 S T I S A MET (9 3R5 74540, FHVEMS I b a7k (MTT) #ill CAL-27 40 GE 1% o, A
AN AT A0 AN . IR, miR1-EXO. CON-EXO K 2K FH PBS 43l 5 A GEH H EB6 5 b i /A Ak 40 i
(NOK) F:H55%, HMTT %4 NOK 4l il . 53R  miR1-EXO. CON-EXO ¥y MR Bk JE sl pfotk 45
F, HARZ110 nm, I8 F BN MEFR SR CD9. Alix & Tsgl01, miR1-EXO H' miR-1 4335 & Hy 285.80+
14.33, CON-EXO fy3Riktx K 1.00+0.06, —H A LG22 5% (P<0.000 1). e qPCREFRBIR, 5
CAL-27 4l 3645 37 f5 , miR1-EXO B CAL-27 415, miR1-EXO CAL-27 4ilJitd #) miR-1 3 ik 7K & F CON-
EXO J PBS, miR-1 FF¥E3EK MET kK F R, MTT R 40AE A 45 R BoR, 5 CAL-27 4l 385 5% )5,
miR1-EXO GO/G1 41 iy b {4 7= F CON-EXO 1 PBS, #I4il CAL-27 40 i385 , 1M miR1-EXO X NOK 41l ifg 14 5 1)
SEMAAR /N S5i8 PO A B IR TR o 3R A 1Y U vk Rl i 2 K miR-1 Y HEK293 41 g 43 1 55 2 ik
miR-1 PAMA, If H 53R 5E miR-1 FAMBATT LS miR-1i234 8 CAL-27 4i/fd, T MET S
Fik, W CAL-27 40 M 78 .
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[Abstract] Objective This study aims to construct endogenous exosomes abundantly loaded with miR-1 and investi-
gate the role of exosome-mediated microRNA-1 (miR-

1) delivery on CAL-27 cell proliferation. Methods
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and subjected to transmission electron microscopy,
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titative polymerase chain reaction (QPCR). CAL-27 cells were cocultured with exosomes secreted by HEK293 cells
(CON-EXO) and miR1-EXO and equivalent phosphate buffer saline. The intracellular transport of exosomes was mea-
sured by using immunofluorescence, the expression of miR-1 and its target gene MET were investigated via qPCR, CAL-
27 cell proliferation was measured through MTT assay, and cell cycle state was determined by applying flow cytometry.
Results Electron microscopy revealed that miR1-EXO and CON-EXO were spherical or cup-shaped with an average
diameter of approximately 110 nm. The well-known exosome markers CD9, Tsg101, and Alix were enriched. The expres-
sion of miR-1 in miR1-EXO was higher than that in CON-EXO (285.80+£14.33 vs 1.00+0.06, P<0.000 1). After cocul-
ture with CAL-27 cells, miR1-EXO was internalized and unloaded miR-1 into CAL-27 cells. After coculture with miR1-
EXO, the expression of miR-1 in CAL-27 cells was upregulated, whereas that of MET, the target gene of miR-1, was sup-
pressed and the proliferation of CAL-27 cells was inhibited significantly. Normal oral keratinocyte cell proliferation was

negligibly affected after coculture with miR1-EXO. Conclusion Exosomes secreted from miR1-EXO cells could load

abundant miR-1. Exosomal miR-1 delivered into CAL-27 cells by using miR1-EXO suppressed the expression of MET

mRNA and inhibited cell proliferation.
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miR 1 3 %35 k7 pri-miR 1-3p-pLVX Hi A% 52 56
EATHIAE, AWM M (human embryonic
kidney cell, HEK) 293 & A\ 7 9 41 s CAL-27 4
JIE [ e [ S 2 b2 e S = 2 5 I i L v o
fg A (lipofectamine) 2000, DMEM (Dulbecco’s
modified eagle medium) 353 | JR4F 1075 (fetal
calfserum, FBS) IfiiF. $iEER . CM-Di | ZO6ERET
WL FiRF & (Thermo fisher A H], FEE), miR-
1Sk | o e R H#EE Y (quantitative polyme-
rase chain reaction, qPCR) {ifl & M 514 (Gene-
CopoeiaZA ], F£[E ), Quanti Nova SYBR Green
A WEBE N (polymerase chain reaction, PCR) Kit
A& (QIAGEN A, f8E), FRMMRIIER
(fluorescein isothiocyanate, FITC) #xic 1Y ¥ 2 ¥4
JIk (phalloidin) (FITC-Phalloidin, Jt5iZ3EFRHE
HRRAH]), anti-CD9 (sc-13118) ., anti-Tsgl01 (sc-
7964) . anti-Alix (sc-53540) #ifk (Santa Cruz 2n
Al, 32[E), PI/RNase Staining Buffer 4f Jifd J&] 1 & il
A E (BD Aw, EE). 5190 BCHE R
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Mm% =48 (Thermo 3111, Thermo fisher 23
A, ). PO E B PCRAX (CFX96 Touch,
Bio-rad A A], JEHE) . #&#E Z.0H (Optima L-
100XP, Beckman/AH], EE). BFR{Y (Infinite
M200, Tecan’A ], FHE). EHHF BTG (Hi-
tachi-7500, HitachiZy®], HAS) . 4K BURL 2 HTY
(NanoSight NS300, Malvern/Ad], ZE[E) . &% 5%
B EE (IX51, Olympus/AFl, HA). gl
24 (Gallios, Beckman/Zy#dl, ZE[H),
1.3 2 I 5 oy feks 2

# HEK293 2 CAL-27 40 i1 9% F 7 10% FBS.
1% 75 %5 /5555 £ 1 DMEM R 32 35, A 1 s b i
AL 4l e (normal oral keratinocyte, NOK)
1% 3% T Defined Keratinocyte SFM £5 ## 3k . R H g
Jo A Bk Yk @ ST ) % 38 miR-1 19 HEK293 4 /iy
(miR1-HEK293) . ¥%4Lfij 1 d 4% F 3x10°> HEK293
T 10 cm BEFR ML, Yk HHX 15 pg pri-miR1-3p-
pLVX BT 47 J 30 uL Jg i fA& 2000, 437l £8 750 puL
Opti-MEM #5 5= B/ B 5 1R A1, & # & 10 min,
1577 A HEK293 4 Jfd v, 4fi Jifd 7€ & 5% CO, 1)
37 CCHHIR R FEM R F= 48 h, WUEERANH TR 20
qPCR A
1.4 MR ERICS Y

AP UAMAHE R FH R 3 250075 . HEK 293 4 il &2
miR1-HEK293 4l i 15 5% 2 % 249 90% J , B4k
JCILYH ) DMEM 85 72 3, AkZeh5 3% 48 h, UEES:
FRIEE, 24 °C 300 g B0 15 min, B
4°C2000 g0 15 min, HE¥E; 4°C 10000 g &
> 30 min, HU [ ; 4 °C 100 000 g &.0> 70 min,
g 1T, ULTEW T 0% 1 85 1R 48 2% M (phos-
phate buffer saline, PBS); 4 °C 100 000 g & .» 70
min, VUIERIMBIA, FEETHR M PBSIFW, -
80 °CIRAFAT Hl o BCA T2 G A I Z1 b A4 2 11 o vk
B, BT WK 150 000 f5 4G A1 i 1 11
TEA, 9K TR 73 AT AR I M IR I RE AR, West-
ern blot f il #M AMAAR & A 1 CD9. Alix, Tsgl01,
qPCR £ il HEK293 2 fifl b b & (CON-EXO) K
miR1-HEK293 4l ffd 4 il f& (miR1-EXO) H'miR-1
B 2R IKF .
1.5 AhibiA m 4 iz

K FH2E B MR 20 8 58 L R bR id b ik . f
1 mmol-L" f) CM-Dil (C7000) fin A 24k ik o,
L 1 umol- L', B T 37 °CH¥F 30 min, 4 °CHiF

A 15 min; 4 °C 100 000 g &.0> 70 min, i [ ¥ ;
Ve i PBS &, 4 °C 100 000 g &[> 70 min,
Fr bV, UUUEF T Y PBS Hikk

CAL-27 41t i A CM-Dil % Y6 hRic i miR 1-
EXO (10 pg'mL"), 1324 h)m, ZH0EH PBS Tl
VE3 R 4% Z R E R [ 2 15 min, PBSEUE
5min, HE 3 ; H0.5% Triton X-100/PBS = i
% F 10 min, PBS & ¥ 5 min, & 3K ; FITC-
Phalloidin = /i 0% & 40 i2 30 min, PBS % ¥t 5 min,
H 3 ; DAPIARICAIIAL IS £ R, 20 W ise
K 200 15 #EA TR .
1.6 qPCRA&GN

CAL-27 40135 A miR1-EXO (10 pg'mL™)
CON-EXO (10 pg'mL") FI4EKFLH PBS, & T
M FRAE TP B IR 24 s, A PBS WV 3 1K,
FH qPCR K6 20 i miR-1 & F 40 5L MET Ry 3%
IKKOF- o 20 B RNA $2 B F TRIzol 57 #E17 -
miR-1 & K51 Ji] All-in-One™ RT-PCR Detection
Kitid 7l &, PhU6 HINZ . mRNA KA 1]
101 5% 53] & Revert Aid First Strand cDNA Synthe-
sis Kit, 3ZHf 2 )% %2 & PCR ik 7 & SYBR Green
PCR Kit, 5155 F. MET LiiF54: 5°-AG-
CAATGGGGAGTGTAAAGAGG-3", FiEs|¥: 5'-
CCCAGTCTTGTACTCAGCAAC-3’ ., GAPDH I {if
51%: 5°-GAGTCCACTGGCGTCTTCA-3", TFif
1% . 5°-TCTTGAGGCTGTTGTCATACTTC-3
1.7 HHHe3E5E 525

K FHWE e 5 b €275 (methyl thiazolyl tetrazo-
lium, MTT) # miR1-EXO X} CAL-27. NOK 4
JH B4 5 P S

1 CAL-27 4 f 4570 T 96 fLAR  (5:£L 5 000
) BFRAR S, R 10 pgrmL !
CON-EXO. miR1-EXO, “HAFPBSH10.5 pmolmL"
B 25 2 (1 DMEM 56 435 32 5, Horb 0.5 pmol-mL”
B 25 25 4 Sk 3076 CAL27 4 g 338 5 i BH 1 o BE
PBS fE M6l CAL27 20 Jig 34 5 1) PR X BE, gk &k
Ki#: 48 h, 4HMaF A 10 uL MTT (5 mg-mL"),
37 CCHEFRAR P E 4 h, W HE3R3E, MfLPImA
150 pLAY B JETW A (dimethyl sulfoxide, DMSO),
F R 10 min, FEFRICIIKOEE (ODyy,) o

NOK 41 Jifd #2 Fl F 96 fL i (4L 5 000 4>)
R E, R A I 5 10 pg-mL!
CON-EXO, miR1-EXO., % {&FIPBS fi) DMEM 5%
R, MR T 48 W2, W T MTT
o
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., M TGS E R AR 1205,
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Y 2 J B S AL S, PBSTEVE2 WK, FHTRA K
70% L BE4 °CTF [ i, PBSIEVE2 K, fA
500 uL PI/RNase 44 % R BEOE YL 4 15 min, X
L ASCHEA T ARG
1.9 Giit2#ohr

K H Graphpad prism 9.0 AT 481122507
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(one-way ANOVA), P<0.05 K% FAH 50175 Y.
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JHi, %57 5 26 35 miR-1 A% HEK293 4 S (miR1-
HEK293), qPCRZ5H /R, miR1-HEK293 4 fifi
miR-1 AR 23k 50 3 053.00+85.51, HEK293 4
Jifd H miR-1 4 A X 35 R 0.89+0.15, & [ AH
Guit225% (P<0.000 1), I miR-17£ HEK293
sk SRR L)

R R PO VA B UMM, 37 5 HL - 0 AR A
S RO A3 B ASORS I 25 SR 7R, miR1-EXO K&
CON-EXO #) 2 A BRI slE AR S5, HAR
FEAE R /E 110 nm, Western blot 45 % il 7k, miRI1-
EXO A}z CON-EXO # 5 & 18 S b A b 2 1 85 11
CD9. Alix & Tsgl01, H = FHrIEALEH Mokiit It
Wl 225, WIREEANBAR SR E (B1),

qPCR 45 R 7~ , miR1-EXO ' miR-1 i % ik
1}y 285.80+14.33, CON-EXO A 2 ik & 4 1.00+
0.06, —FHHALGIT¥25% (P<0.000 1), Xk
B, A A0 i PR 3k 22 38 19 1k mT o 0 D A B 1y
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Fig 1 Identification of exosomes
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2.2 SMBEAF miR-1 iz
GPEDERE I &5 SR R, 5 CAL-27 HL85 5%
J&, miR1-EXO # CAL-27 41 f#5 0e , F A A 1
YR, FIZEIEA AR (B12), qPCR 4G
78, miR1-EXO 20 CAL-27 40 ifd /) miR-1 %3k

A: DAPI; B: #MNBE-Dil; C:

-2 T CON-EXO 4H & PBS 4 (P<0.000 1), CON-
EXO 41 5 PBS 4 [a] L4t it 2% 22 % (miR1-EXO,
5.75+0.23; CON-EXO, 1.23+0.23; PBS, 1.03+0.13,
Kl3A), B miR1-EXO ¥ #5H #Y miR-14iz £ 3] T
CAL-27 il

Wsh&EH; D: &

2 CAL-27 4 RS s
Fig 2 Uptake of exosomes by CAL-27 cells

qPCR K ill CAL-27 4l Jfd ' miR-1 T Jiff i 5 Al
MET mRNA By ik 281k, 458 /R, miR1-EXO
20 MET mRNA [&i57KF M, 5 CON-EXO4 .
PBS 41 [i] A 4t it 2% 2% % (miR1-EXO, 0.27+0.04;
CON-EXO, 0.92+0.03; PBS, 1.00+0.04) ([¥3B),
F W miR1-EXO B LY 216Gk, 5 CAL-27 4 /iy
A IE, BEMH T miR-1 FUEEELE MET mRNA
Mk
2.3 miR1-EXO ] CAL-27 21 a3 5

MTT A 2 Jfd J&] 0 G ) 2% R & 7%, miR1-EXO
2 CAL-27 4 1 1% 1 Ik F CON-EXO 41 i1 PBS 4,
CON-EXO 41 F1 PBS 4 [0l T4t 1t % 2 % (miR1-
EXO, 0.79+£0.03; CON-EXO, 0.93+0.02; PBS,

1.00£0.07; P45 2, 0.59+0.03) (& 3C); miRl-
EXO 2 GO/G 1 #3411 ity Lt /9] /=5 T CON-EXO 41 £ PBS
A B
71 . 1.2 *kck
1
6 1.04 2=
%)
371 ﬂﬁ 0.8
Y £ 0.6
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= oA | E 0.4
1 0.2

o
o
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%
%,

2, S K G2/M M 4 it L 451 52 B Ik F CON-
EXO 4 FMIPBS A, (HIEGit¥x% (Kl4),
XKW, CON-EXO A CAL-27 4 345 ol 7
Ifif miR1-EXO {fi CAL-27 40 il K & 15 9 78 GO/G1
19, BHE 40 i i GO/GT Wk A S H),  F £ il
CAL-27 4l ifg 3458 .

NOK Z g MTT #5255 .75, miR1-EXO 4 .
CON-EXO 41 1) NOK 4 jfe 1 J1 #& Ik T- PBS 41 (mi-
RI1-EXO, 0.93+0.03; CON-EXO, 0.95+0.03; PBS,
1.00£0.04) (3D). Ak miR1-EXO, CON-EXO
5PBSZ I ZEF HAG#E X, HEER/D,
miR 1-EXO F11 CON-EXO X NOK 4 g 7% 11 i 5 iy
ﬁ?ﬁ«ﬁz AT DAHERR 2 Fh 7R B AT 1E H s b Bz 4

FLA 20 BB 8 RS

C D
*k
1.2+ J_: 1.2
sk o
1.04 /== 1.04 == :I—
R k%
\jg |
508 55 0.8
2
f'f‘ 0.6 =06
o \
: )
2 0.4 O 0.41
& z
02 02
0.0 Y 0.0 ;s
& ~1~°<¢° ad & &P &
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\ S S

A: CAL-274MAE miR-1iK; B: CAL-27404E MET mRNA £ik; C: CAL-274ifil4%E; D: NOKZUMIMEFH . **+*P<0.000 1; **P<0.01,
[# 3 AMIAIZ % miR-1 4] CAL-27 41 i

Fig 3 miR-1 was delivered into CAL-27 cells by exosomes and inhibited cell proliferation
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Fig 4 miR-1 was delivered into CAL-27 cells by exosomes and inhibited cell division
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A 248 B 1 200 LR N e T A AR, k2 E 3
B T KRR AEIE R miR-1, A DAIRAR R S A
PR . AWFFEH miR1-HEK293 21 fg 71 i
AR miR-1 & R in, JFH miR-1 09 K54
IFB AT AR SN IR T B 50 . AU A R B
T2 106 4 7 1 57 miR 1-HEK 293 £ 5 26 15 1Y 48
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AT DI Ay A0 WA AR 2 480 o0 U5 56 TR i) o 3k T B
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miRNA-142-3p FEHT7], AT 40 LR 09 A& A o

miR-1 2 HEE LA & B I EZERERE T, 17
HEALR A, MR AL R A R
FEAR . WFOE s, FERTHIIRIESS . I A4S s
RO AL ) miR-1 3 2 1 ] U 3 B MET (1) 4%
Tk, A AR 4 AR K . miR-1 AT i U LA
MET mRNA /93’ UTR &5, Ml SEH 5k, @it
TR Met/ AkUmTOR {5553 i, 10 3l Fif 9 40 i 11
HFHAGERY, AR A, K miR-1 15k
IR LK miR-138 1% 3 CAL-27 49, fdi MET 3
KT, AN H GO/GTHAEA SH, k4t
A mBEHEN, SMIMAAN 1 miR-132 1% 0] B
if R MET M H R (5 5 3@ #% , #04fil CAL-27
3G

AP A AR 2 A ELAE U T I A0 R R D R
IR I R AT B, AR A R &
B, miR1-EXO 4| 1 1 5 %9 CAL-27 40 /i
HEBE X NOK A AN AT 4 a2 1k, wEW] 14k
WMARIZ % miR-1 T IS 1R T 1A A e 4
PE o ARWFTE AL AR 41 A ok 22 35 19 5 1k SEI T A ik
ARG B3z 2 IR 4o il R BT, 40 el 0 A
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