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AE B#9:455F UPF1 ¥ 354 miR-744-5p/CCNDI1 £ W ARSIk KB P a9 R ALEI AR . ik s A TR BRSL K 4k 8 am ik
TCP-1 Fo iE% ¥ kA% b & 2w f6 Nthy-ori-3 45 A & F A ALK 7] 5-Aza-CdR #47F 7, 53 & F A7 6 20 F A 4k4¥ F PCR 3%
Al UPF1 A B A4 T 4%, 5K A Western-Blotting #-#] 1 UPF1 .DNMT1,miR-744-5p CCND1 & & A8 2+ & ik , K A transwell
G F2 S B A M dm BEAR 2 0L, 85 5R:PCR ¥ 3¢ 27, UPF1 A& B & Nthy-ori-3 2840CE L3 T RALT | M 3 & (U &47), &
TCP-1 484 H I W AL S| M I 38 & (M &4 ), 22 5-Aza-Cdr 4R G ,UPF1 S B W ALY 38 30 M 0, P AL R A AR, &4
UPF1 . DNMT1.miR-744-5p CCND1 & & A8+ &k £ F A4 %t ¥ & L (P<0.05), 5 Nthy-ori-3 28 135, TCP-1 41 DNMTI1
UPF1 & & 485+ & i ¥ 242 % , miR-744-5p . CCNDI % & A8% % ik 91 2 4% (P<0.05); 5 TCP-1 2814k, TCP-1 F 4L DNMTI
UPF1 % & A8 2+ & ik A 2 44k, miR-744-5p CCND1 % & Aa b 34 91 242 % (P<0.05), &5 TCP-1 4arbik, TCP-1 FFLa At sz £
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ABSTRACT Objective: To investigate the mechanism of UPF1 methylation and miR-744-5p/CCNDI1 in papillary thyroid cancer.
Methods: The human papillary thyroid cancer cell line TCP-1 and normal thyroid epithelial cell Nthy ori-3 were intervened with
demethylation reagent 5-Aza CdR, respectively. Methylation specific PCR technology was used to detect the methylation changes of
UPF1 gene before and after the intervention, and Western blotting was used to detect the relative expression of intervention UPF1, DN-
MT1, miR-744-5p, and CCND1 proteins. Results: PCR amplification showed that the UPF1 gene only showed non methylated primer
amplification bands (U bands) in the Nthy ori-3 group, and only methylated primer amplification bands (M bands) in the TCP-1 group.
After the action of 5-Aza-Cdr, the methylation amplification bands of UPF1 gene decreased, and the methylation expression decreased.
There was a statistically significant difference in the relative expression of UPF1, DNMT1, miR-744-5p, and CCND1 proteins among
each group (P<0.05). Compared with the Nthy ori-3 group, the relative expression of DNMT1 and UPF1 proteins in the TCP-1 group was
significantly increased, while the relative expression of miR-744-5p and CCND1 proteins was significantly reduced (P<0.05); Compared
with the TCP-1 group, the relative expression of DNMT1 and UPF1 proteins in the TCP-1 intervention group was significantly reduced,
while the relative expression of miR-744-5p and CCND1 proteins was significantly increased (P<0.05). Compared with the TCP-1 group,
the number of cell invasion and migration in the TCP-1 intervention group was significantly reduced (P<0.05). Conclusion: UPF1 methy-
lation is present in papillary thyroid cancer, and the expression loss of UPF1 gene methylation may inhibit the miR-744-5p/CCND1 axis,

playing a key role in the occurrence and development of papillary thyroid cancer.
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(up-frame shift mutant 1, UPF1 ) 7545 B 7@ FLIREY . 5 s
LB P ZAEVE; AESAD RNA B0 MGy () =20
X7 0] Z — ,MicroRNA (miRNA ) 58 32 35 78 TR g | it it
. N9 SE 2 R bR 0 & A Rk R bR B O E
miR-744-5p 1E 598" JPe s 7 B 98 AT 1 22 M e g A4 i 3
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1.1 ZBREkk

N R BRFL SRR AT A Bk TCP-1 0 TE # R AR b iz 4m it
Nthy-ori-3 It [ H R e 73 B 240 M2
12 FERFISUFE

L BRI 5-Aza-CdR(SEE sigma A H] ) 5 B AL (&M
K7 & (3£ E ZYKO 24 7] ) ; RPMI 1640 537 55 (3£ Gibeo 24
F]); D180 CO, A B4 (VRIN T B IR T AL i BH e A BR A
A );7500P SZit et g PCT {Y (3£ Thermo Fisher 23 H] ) ;
I FL AR IR (AR A FDD o
1.3 MpmtEsR S ER

(D)4 : N FARBRZL S RI5 40 Btk TCP-1 i iE % FH
BRI Bz 4 Nthy-ori-3 & T RPMI-1640 353335 ( 10%FBS ) 7F
37°C \5%CO, 345 T 3% 13 L pilfeft, 2~3 d /&40 1 1K,
() MRS IR A TAEG T, ™M O . #£ 10 mL
TCR B OETTIIA 6 mL 1640 S84 8555 A Y 4 LA 37°C
TRIF VR RIAL , 240 B v T R0 220 0 A TG T 8048 v R R L 431
1:10), BWBACHRI AT FE /0 B RJ5 LA 1200 r/min 25,0532
5min, KB FVEW; 1 mL ()58 235 52 MR B0 R Rk
YA, 728 5 Y A B, e B B AL 50, 37°C L5%CO,
YAEEE A SR K H SRR TR AR SR BSR4, A
B IREL AR AR A A DU o P TSR AR A
H 1K, Franiass it 80% AT A 7210, () MurE(t. 4n
JiAE KRS B B B R 5 80% UG, 4098 TR B3R, 3
15 M He R Re . B ARG SREE, A 2 mL PBS W0 DER =
R, A, 4R 2 R VDRI RIS A 1 mL JBREE
fiti (& EDTA), L& 37°C .5% CO, 54 P 4 min, F i35
TSN LA R, RRAU R R BRAE K o S, R RTE RS VS

Document code: A

FEFTHEFE , B YR 5 R0 20 AR i 1 3R Sk W Ak .
FL NS VR S5 S8 R T S0, (o ARV o o 1) 2 M ot
YRR RS 2 TSGR I B0 TR, L 1200 r/min 25043
B 5 min J55E R SRR R SAkEmA 1 mL £557
I, (ARG S T B TE 3 S AR . il A
RiFRINL, JoHi \37°C (5% CO, 4514 F akstlsse , 2kt anfffs
(MIEEE iU GRT iy oA Mt 2
1.4 548

B AR AR FL SR 40 bk TCP-1 AIE 3 HUR IR Kz 4n
Jil Nthy-ori-3 4 %t HRZH , 43524 TCP-1 411 Nthy-ori-3 2 ; 5%
JH 2 FeAk i3] 5-Aza-CdR Xf TCP-1 1 Nthy-ori-3 #4711,
YER SRR, 43 31 TCP-1 FELfb 4 1 Nthy-ori-3 FI LA,
1.5 BENXSRME PCR HA

(1)$2H¢ DNA : 525620 20 i 46 i 3R A S AL 5 B F 1.5 mL
BEDERL. FE LEBJEIA 200 wL GA Sk, 78055
JE A BT . FEEEIRINA 20 wL Proteinase K, 7870 #2451 5
TE T0°CoKIE KM 10 min, REEBIE 52 5 508 B0 (10s) A
A 200 pL Jork S, 4R35 25 R 1 30s 5 LI ELRUITE , 8 e
O (10s) o K P ZUARTTIE WA R CB3 WZRH#E, LL 12000
t/min 2.0 1 min, FEEWR. A 500 wL GD ZE i , 12000
t/min 2.0 1 min Ji5 58 B E R AR 600 WL PW E3EH , 4b
PRI b 5 WA W A 12000 r/min 5.0 3 min, 28 5T,
PR BT A TC R B0, 1 FHAS TR AE TR R AT AL 50 wl
TE PEMiZE o, =iIRiHE 5 min 5 12000 r/min Z.0» 3 min, &
DRI R . 3RS DNA (8 HBOE - 66 R 6
FRMAE,-80CHATF. (2)%EH DNA #lifLFif&ifi . PCR & h
JA 20 WL DNA F£5 T 130 wL FSEHRHE DNA F Ak 8 it
F & UM F M4 CT Conversion Reagent ¥ GRS 14T 1L
#1), IRAIIE 98°C v 10 min, 64°C % 43 VE 150 min, Zy-
mo-Spin IC Column Hfjl A 600 wL M-Binding Buffer, 75 43 Ffi {7
IR 3.0 30s, /il A 200 pL M-Wash Buffer, .0 30 s; £
A 3R I A 200 wL M-Desulphonation Buffer il M-Wash
Buffer, 2.0 30 s; /LA 10 wL M-Elution Buffer, J/{7E 1.5 mL iz
AT DNA YEMG, 2.0 2 min; DNA &M fnalifb 5 A+ i
FAP 1S, (3)PCR Jhij : R AR R :4 wL DNA #i4f ,UPF1 |-
FEsI ¥4 1 pL,2x Real SYBY Mixture 12.5 pL,DNA tem-
plate 4 wL, 7K 6.5 pL, ¥ /% %] . UPF1 B 34k, I UfF .
5-GGATAGTCTGGTCTGGATGC-3', F i} :5-CCAGCTCT-
CTGGATAGA-3';UPF1 3¢ H 3 fb , - % :5-GGAG-
GTATTGATTGGATGTT-3', Fi#:5-CAACGCTCTCTAAAT-
ACA-3"; JZ b 45tk : 94°C T A% % 5 min, A5k 94°C 30 s;56°C 1B
2k 30s;72°CHEM 1 min;35cycles, S FEA 5 min, (4)3ENEH%E
JBEHL UK : HETE R A 0.4 g Bt AR BE AN 20 mL TBE %59, fin#4
Rl s IERTAEDERE F A AR T, R B IR I 2 11 5] 50-60°C
BHINAIRIE 248 1 L, B RALA 5 AR N, {3 FAR Sk T bR
L, FE 30 min, T ETHR UL IO BEUAR BE T A UK P o J
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M 25— BB P Jin A DNA Marker 2 wL, HAA—RMEMA S uL
PRE7= 4 s 52 BOMAE 5 BEAT HUK , B R 4ERRAE 100 V, FRIREN A
TR UK BT 4-5 6 B S A L R 452k L vk . U e
B A B RSN RS W
1.6 EARBEENE

AT EM L 1200 r/min 4°C &0 Smin, 58 FIEW;6 fLAR
TP A RIPA 243 100 L, Lk 1:100 B A6 hn A 2R F e 4
F PMSF 3t 1 wL, #5288 A U 7 5 12000 t/min 4°C
B0 15 min, W RS B BA S 28 H . R BCA X7
G E MR AW A AL B, MRIE SDS-PAGE #EM i
Akl 12%SDS-PAGE 43 & i 1 5%SDS-PAGE ¥ 4ii
s ARTE AR S T R B L RE R R — R R A 80V HLEHE
Pk 30 min, FRVR BRI HEA 5B 5 IR LR & 120V, RRIR B 35
IR BN 53 B ISR 45 1k FL VK o AR E A B B R B A K
1) PVDF %, 42T B T/ B sle 2 55, 100 min #1558 15 {0
FH 5% R4 3] 1 h; TBST gl AERE IR i, K 5 min,
3 9 ARG G B ECH UPF1 DNMT1 .miR-744-5p
CCNDI HifRH E,4°Ci ;s Wk H B i/ FRRVERE, 4% 1:
5000 F LR —Ht 1 h; 38 U IR TBST YEAR, ik
10 min, 3% 3 ¥, in A ECL 5250 5.5 ; i FH Imagel %t H
MIER 4 FIN S8R A 7218 0T, DA B-actin HTRN 2
IR H AR R IR G
1.7 transwell SEI&

{8 75 ¥ ) DMEM £% 35 568 B¢ Matrigel £ (4C i
) FERE R 1:8; 7F transwell /e B AN A 80 pL # #
JEMFETE, 5557 5 he HUERRAS RS04 40 B il ok P 20 A =k
¥, 1000 r/min #4.0> 5 min, 3 & _FIEEIMASFRILE B4 OCR
EIMYE) , AT HEO R A, T = NIA 600 pL 584
i3 (% 20% FBS), L= H A 100 pL 408 (7 5% 10°
A~ BCPAP 4iififl ), }57% 24 h J5BUH 24 FLAR W B = N RE 5%
FFE . B 24 FLAUIMA 4%Z T 600 WL, I AL PBS
SEMRG TR 3 1/ NE , 2R P EEEE 15 min, 4k2{f F PBS
SEPBOETE/IVE A 600 WL 2R BE(10:1) 1 0.1%%5 54815
W&, Yt 15 min, /NELZ PBS i Uk 3 ats EEARE
A3 GA% 1322 1) 200 MR B T BT 4 s (A B /N
SMZUERE 1 ZEFLANAE, R 5 AMPLETF(200% )FIfE, Imgae J
AR TR T B iR R M R T o
1.8 Gt FAE

R SPSS24. 0 FR AT 40HT, THE SR A IEA S A LA
(¥fH+ BRifE2s ) Fom , 24100 LR SR N 2 7 220001, 4]
P LB A LSD-t 5, P<<0.05 AZEFASIEE L.

2 &R

2.1 UPF1 EFBEMLRE

% TCP-1 £ Nthy-ori-3 £ .\ TCP-1 T il 1 Nthy-ori-3 T
TR AT P AR S PCR #1445 52 % UPF1 JE A7
Nthy-ori-3 21 1 B EE 36405 [ 79 1 4% (U), 1hi#E TCP-1 41
L S0 9 1 4 (M), 31 FUR BRZL LRI 40 il 77 7
UPF1 2L B 34k . TCP-1 T i 40 #1 Nthy-ori-3 -~ i 41 £
5-Aza-Cdr {5 , UPF1 JEE ALY i S5 il b, HBEAEER

BRI, W 1,

Unmethylated band

Methylation band
[E 1 UPF1 £ FEBENLFFR 4 PCR LR
Fig.1 Methylation specific PCR amplification results of UPF1 gene

2.2 DNMT1 EHENRIEEFR

A& 2 B %0, 4540 DNMTI1 & A MxT Rk i R A 4%
1222 X (F=10.352, P<0.05), Nthy-ori-3 £ il Nthy-ori-3 i
2 DNMT1 K AT iR 5 B ) bR 22 R RSG5 L
(P>0.05); % T Nthy-ori-3 £, TCP-1 41 DNMT1 % [ AHX
RIS, ZRAERITFEEX (P<0.05); KT TCP-1
21, TCP-1 T4 DNMT1 & (A AHXT ik B AL, 2565
PR L(P<0.05),
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[ 2 Western blotting #&il] %42 DNMT1 & B X} &K%
Fig.2 Western blotting detection of relative expression of DNMT 1 protein
in each group
Note: *P<0.05, compared with the Nthy ori-3 group; “P<0.05, compared
with the TCP-1 group.

2.3 UPF1 EQHEMFRIEER

il 3 AL, #5240 UPFL 48 RN A 22 5 BG4 18
SL(F=8.562,P<0.05). Nthy-ori-3 £{Fl Nthy-ori-3 izl UPF1
B AHXTRIRE D WAL R 28 S e ge 12 2 L (P>0.05)
A% T Nthy-ori-3 41, TCP-1 21 UPF1 2K (M X F63A W] 4275
ZERA G X (P<0.05) ; #4%F TCP-1 41, TCP-1 +Hi 4l
UPF1 £ FUAHXT A AT, 22 A7 ge i 78 L(P<0.05).
2.4 mir-744-5p EEHRETRIE

H & 4 A%, &40 mir-744-5p 2R FIAENT 21525 R B Gt
247 Y (F=7.216,P<0.05). Nthy-ori-3 £ Fl Nthy-ori-3 F-#i4l
mir-744-5p & FAHXTRIB R L, WA H i E R TR AR X
(P>0.05); #%F Nthy-ori-3 £, TCP-1 £ mir-744-5p £ HAH
XF IR REAR , 22 A Ge 2% B L (P<<0.05) ; A# T TCP-1
41, TCP-1 T4l mir-744-5p AR FAW Riker, A
et E L (P<0.05),
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3 Western blotting #ill%& £8 UPF1 & HEx &RiX
Fig.3 Western blotting detection of relative expression of UPF1 protein in
each group
Note: *P<0.05, compared with the Nthy ori-3 group; “P<0.05, compared
with the TCP-1 group.

2.5 CCND1 E B FRIE

M 4 ], 4541 CCNDL 2 % ik 22 F B A Gl
= X (F=5.872,P<0.05), Nthy-ori-3 2 #11 Nthy-ori-3 - i £
CCNDI ZEAMN R L, WA LERER LS %E X
(P>0.05) ; # % F Nthy-ori-3 2|, TCP-1 £ CCND1 7 [ A% 35
KB AL, 22 A G223 L(P<<0.05); #HE T TCP-1 41,
TCP-1 T4l CCND1 & HAHXT FA M AR S, BRAGRIH#
& X (P<0.05),
2.6 UPFI X HENITHMEE GEB IR

Nthy-ori-3 201 Nthy-ori-3 4 4NI1R 28 TR B HER
2R TG FE L (P>0.05) ;5 TCP-1 41 Hefw, TCP-1 41+
ZH AR 28 GERS A I W (P<<0.05), TLIE 6. 14 7,

& 4 Western blotting #1548 mir-744-5p & BT RIE
Fig.4 Western blotting detection of relative expression of mir-744-5p
protein in each group
Note: *P<0.05, compared with the Nthy ori-3 group; “P<0.05, compared
with the TCP-1 group.

& 5 Western blotting # il 48 CNDD1 & BHX &k
Fig.5 Western blotting detection of relative expression of CNDDI protein

in each group

Note: *P<0.05, compared with the Nthy ori-3 group; *P<0.05, compared
with the TCP-1 group.

Nthy-ori-3 group

Nthy-ori-3 intervention group

TCP-1group TCP-1 intervention group

& 6 UPF1 & REWIAEIEZERIFIT
Fig.6 Effect of UPF1 demethylation on cell invasion

Nthy-ori-3 group

Nthy-ori-3 intervention group
7 UPF1 %X BEL AT A7
Fig.7 Effect of UPF1 demethylation on cell migration

TCP-1 group TCP-1 intervention group
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R BRMRge O 4 A 8 B B R A e, 7 SR R
PR UL = RIEAE , 7R TR Lo R s v 6 S 2R 1
AP0, HER AR L Sk PR 2 H R 206 PR A, R
B 80%LA -0, I R X HR IR FL S R R BRI AR |
R EBUTRIBIT ARG AR UG RAFITRTTRUR
TR AT = B R, 10 AR A7 30T 1K 90%012,

MR N, RG22 Fh A S B R 4
AT EZEA M, DNA LR 7 DNA H S RE fify
(DNA methyltransferases, DNMTs) (4E T, 16 14 8 FY K s
T B MmEERRIL 5 5 R, TR 5- B AL AmsnE, VR 3k
WIS AL 2B g —Fh, JLRETR Y T UF AR B 9 3R 3k BN oAs
NDA J741], FEfi kmiid #ih R EEAEH . TUATH
mNRA [£fi# 542 (nonsense-mediated mRNA decay, NMD ) fg %
Wi e 5 mRNA, U7 5 4 2R BT 7 A, 3Pkl mRNA i
PR RS, UPF1 fE2y NMD Hi SCs R 1, Rt il 52
B LRI A S mRNA, BHIEJCEIE 19, S FRIESE,
UPF1 R{UAE NMD [Eff 57 % mRNA R #EH , 55 5 ZF
T S M FA AN ARG FE 431k, UPF1 5 g 22 ] (9 56 3/
AR BRI ST Y E A, 2 A R A AN R K £ €6

PR Mg IR ) e il At i 2 A e o
FERVE AR AT Z 0008 Hip st A B I FH B A B2, fE
BB AL 2B fe s DL Nz —  DNA HE AL 7 g &
i R A AR L EE I RE ) DNA H (b & S 80EL R 45
TN E3Z EAM G, DA T 52 ) L4 S5, HE B e e AN ) R 32 g
FRN, AR AIFSY F B RS PCR § 345 - i 7~ , UPF1 DNA
FEHUIR BRRE TR 4 AR b Bl B SEAR S 99 1 TCP-1 4H i i 31
H AL 943, 560 UPF1 I RAL T B2 FOIR AR AL SR8
WP e A Fhm )

AR s, TCP-1 ZHfifd rh DNMT1 2 1 ik, Mg
il 5-Aza-CdR T 7l J5 ,DNMT1 2 H £ ik B EFREAK, #r
5-Aza-CdR W] #1i] TCP-1 4Hiffih DNMTs (31K , %% & FF 5
PR ZS T 5 HEIE 3 (92635 . TCP-1 4iififg b UPF1 2B A mi ik,
253 5-Aza-CdR T , UPF1 25 [ 383k i 3% 84K , UPF1 3£ [H
f£ TCP-1 iy AL S | 9 1 S D BE B O o s BE
UPF1 J& 2h 7 X3 v F 3646 5350 UPF1 JE PR 5 ST ske 41
7~ 5-Aza-CdR BEfF; UPF1 SLH FIL(LRE, kE UPF1 &
R ER#s, BRI H .

miRNA 3£ ik K 7 5 £ Foig iF B A 5% B3R 22
mir-744-5p LR o B/ B SEAE 2017 SRR I, Ko
WFSEUESE A PG IR 1 & 2R SRR R % Y) 20,
mir-744-5p £ IS B IR, i R ik mir-744-5p B ]
FLIMER AN IE (=258, D% EMT gEfe ), Ak, 38
i1 B8 TCP-1 4f il mir-744-5p CCND1 33k 7K - B WA T
IEH 2 . CCNDI 24 R 5 h B ey — 0, L2
TR T 4N R (R E AN G1 AL AR Sy S HARaa,
YER mir-744-5p [ T UFHESERN , B % BUAFAE S miR-744-5p [¥)
iAo Zad 2 Ak 5-Aza-CdR + Wi 5 , TCP-1 41 g
mir-744-5p CCND1 35 B B4 . XTAMLRZ2RE 1 A9 B

7, UPF1 25 FSEA0 6 1E 8 FOIR IR L 5 A= 28 Re ) Jesg i,
s TCP-1 4 {278 ER RE S R IR AR, #27~ UPF1 & H 3L
ALAEMIH TCP-1 4R Z2RE ST .

25 I firik ,UPF1 F L7 AE T U AR FL 3k R b, UPFI
FER R AR 9 2R A i AT REAM i) miR-744-5p/CCND1 i, 75 H
ARBRFL SR S A i vh A A VR
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