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[(HE] a4 %HiTm6A PIABWIRBIE A YTH K E H 1(YTH domain family protein 1, YTHDF1) i i/ i Ji#
21t o988 P B 0 Wnt/B-catenin {5 53 B A2 E IR E I BOALH . ek R Western B IR 6 41 488 41 2L R 55
JF41 21 YTHDFI 25 F 1 2k B . R H Western EJ3E 5 . RIP-PCR ., qRT-PCR %546 B-catenin & H: T iiF 4> F 19 ik,
qRT-PCR. JRERSZH . FEIEALSCS . CCK8 2544 YTHDF1 X T4 40 i TP 520, R HH Kaplan-Meier 4 77 1 28 43 H7
YTHDF1 £k 5@ B H TR XRR. 4% Ed2h YTHDF (985K B FEss4 4l (P<0.001) ; i3
ik YTHDF1 J5, B-catenin } H R0 FHYFEK840; 33 363K YTHDF J5, BT Z0M0 A0 b Tl 5 F 8 . He5RE )y 8 i,
Kaplan-Meier - 77 1143 B YTHDF1 &38R PR R A BUS 25, 44 YTHDFL AEfFmA 20h &3k, {2iF T B-catenin
FE T 72k, S0 T s an) 4, XHH@EBE MBS =28 TR A% .

[£4#37] YTHDF1; JH%; Wnt/B-catenin; Mg 1¥E; m6A
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YTHDF1 promotes hepatocellular carcinoma progression by increasing the stemness of HCC cells and
activating the Wnt/p-catenin signaling pathway

TAN Jian, WANG Yue-fan, DAI Zhi-hui, YIN Hao-zan, YANG Fu’
Department of Medical Genetics, College of Basic Medical Sciences, Naval Medical University, Shanghai 200433, China

[ Abstract | Objective To explore the mechanism of YTH domain family protein 1(YTHDF1) promoting tumor stemness
of hepatocellular carcinoma (HCC) cells and activating the Wnt/B-catenin signaling pathway to promote hepatocellular carcinoma
progression. Methods Western blotting was used to detect the expression of YTHDF1 protein in 6 pairs of liver cancer tissues and
adjacent liver tissues. Western-blotting, RIP-PCR, and qRT-PCR were used to detect the expression of f-catenin and its downstream
molecules. qRT-PCR, sphere-forming assay, cell proliferation, and colony formation assays, and CCK8 assay were used to detect the
carcinogenic effect of YTHDF1 in HCC cells. Kaplan-Meier survival curve was used to analyze the relationship between YTHDF1
and the clinical prognosis of HCC. Results The expression of YTHDF1 protein in HCC tissues was significantly higher than that
in adjacent tissues (P<0.001).The expression of B-catenin and its downstream molecules increased. The stemness markers of HCC
cells were significantly up-regulated and the proliferation ability was significantly enhanced. Kaplan-Meier survival curve showed
that patients with high expression of YTHDF1 had a poor prognosis. Conclusions The high expression of YTHDF1 in HCC tissue
promotes the expression of Pf-catenin and its downstream molecules, the stemness of HCC cells, and adversely affects the prognosis

of HCC patients.
|:Key Words] YTHDF1; hepatocellular carcinoma; Wnt/B-catenin; stemness; m6A
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YTH % % % 1 1(YTH domain family protein
1, YTHDF1) 7€ 45 #4 b &% A — B FE O/ 57 1Y
YTH % #4 38 (YT521-B homology domain), J& N6-
methyladenosine (m6A) & i fz 85 22 (1) R 85 11 2
—, Al 5 2 E B T FE B moA S 4 A
B9 mRNA 5 5k 2 G R A3, JF BTG #E
ML, (R R MR AR A A . Mok
2 B BF 5T W, YTHDF1 % BT i % 4
KBS EEAE ., A &M YTHDF1 i £
5 Wnt/B-catenin 15 53 [ {i JF 198 09 2F )&, Wnt/
B-catenin i F§SE A ML) Wit {555 [, %00 I T
X Z Uy Be 85 11 B-catenin B IH 15, TENFIEIGAE . o)
b, A R M ERITBE RS
HZA/E M, {H YTHDF1 2 5 Wnt/B-catenin {55 5 18
B EVE LRI . Be4h, HETXET YTHDFI
PR e 0 M s 1 O I o e A G, s
SEFE IR ARM A R R RE S, SR B
JERIE R YIMIE ™ o ABFFE B YTHDFI
8 g B985 20 Bt ek osd 1 A2 800 Wnt/B-catenin {5 5
i PR SRR R RO HLE], SR RI2 T . 1RSI
TG SR AR B

1 HREHEE

1.1 KB

.11 HEALfEF FALERELR 6 4T
9 SR 55 A 2 RASE AR U Vg R 5 I =
[ I REREAS PR, A I RAE A 34 28 25 LA £
WM, 7 BORE T8 i R s KR A )
B DL it 2R 7 R B e A6 P25 % 2 1) o A 41k
(EHBHKY-K-022).,

1.12 %8 % Hep3B. HepG2. Huh7 4l Jitd & Iy
A ERERE LA, AT E AT

1.1.3 K %K Al RIPAZF W (98 ) . BCAE
A& SX BRI, DU B, 41
I R A A R G e N E N /A I8
SDS-PAGE 3, VK Jiig 12 1) W A #E i 22 7], PVDF i
W F Millpore 2~ Fl. £ H T EJ 38 53 B By 75 ~F i
W, BRI BRI SR B DA R
FABRAF . ACTB Hiifk il H % [F Abcam 23 Al
B-catenin, YTHDF1. HistoneH3 it /& H CST 2

F]; GAPDH #i {& Iy H SantaCruz 2\ 7). TRIzol ix
RGN A TaKaRa A F], S s&iA500 4 F Invitrogen
/> 7w, Magna RIP 257 & 4 I Millipore, Jifi 4= IfiL
15 W B Gibeo 23 Al . 15 #7 3£ H Hyclone 23 A
YTHDF1 i k18 5% 8 . YTHDF1 T 48 0% 7
X RO 5 B2 Y W A 135 B 2 E R AT BR A A
M4 75 25 W [ ThermoFisher Scientific 2y F], CCK8
yE oA = il /i 8

1.2 RIEFER T

1.2.1 Western 7 i 3% WA e 412, & F oK
I, IS B RIPA AR P28 i 0 AR 1 6 00 ) 741
PMSF, 4°C $EIKIE 5 minJ& , FU0HE, W40
B, 4°C 14 000 #/min BS.0> 5 min, B 75 BCA
AT . INAGE & FREZR 0P, 100°C
15 min, HCA5 5 & A, 17 SDS-PAGE HLIK,
BB, B EIREMA 1 h JFoRmA—t (1 -
1 000 YTHDF1 fI 1 : 2000 ACTB#ifk) T 4CF
BEE . H PBST BEIREMAAHN —dt (F4t
BUCEPIR L 2 10 000) , FIREOEE 1 h 5
PBST % 3 ¥k, FIM Odyssey £I AN G % £
RN B o Eam g, XTI ER [ 1) kK Pt
rfE o,

122 gRT-PCR JH TRIzoli& 7] & 4 B E RNA
Jei, e BR R i skl ) B U I R SR B R
cDNA, Ll cDNA J#ti, IIAAMRNGIH (£ 1),
i F} SYBR Realtime PCR i&jf| &7 StepOnePlus 5L
Af 28628 1 PCR A4 ( Applied Biosystems A H] )
U T BEREART A 3 R, SR 27 ekt
H bR R 2R IA KA T AR 2 ft 53T o

1.2.3 RNA 4 J& # 1 7% (RNA immunoprecipita-
tion, RIP) S5 MR &bl I P I A0 R,
SCAE B O I S RIP SE6 PR 40, A A/G
MEER . RPEDIEPIIRS H 1Y RNA 254 8 [ 3L R 9
A, AR EERERGS S EAY), RS
TP, $EHLRNA, fefi K qRT-PCR #1737 .
124 @RI ERFESE HE 10% FBS /Y
DMEM iR ds R4, B+ 37 C. 5% CO,. 1
R EE R FRAA Th 3R . EBGYR T 1 d, Y
3X10° PR E 6 FLAR, PRUFERYLRAniEm A
JEN 50%~70% FAbFXFE AR, L B T 4
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$29%  HS5H

HTEERTIRI, ARG ST R TR A B,

TEAYRTE 3 d JR AR REER, K U IR,

TALA AL A BE R FERG 5T, 24 h R4, EERICA ML
R 1 qRT-PCREFH3|4

L A F izl FEH AR izl
hum-YTHDFI-F  ACCTGTCCAGCTATTACCCG hum-PPARD-F CAGGGCTGACTGCAAACGA
hum-YTHDF1-R  TGGTGAGGTATGGAATCGGAG hum-PPARD-R CTGCCACAATGTCTCGATGTC
hum-18s-F GGAGAGGGAGCCTGAGAAACG hum-CD44-F CTGCCGCTTTGCAGGTGTA
hum-18s-R TTACAGGGCCTCGAAAGAGTCC hum-CD44-R CATTGTGGGCAAGGTGCTATT
hum-MYC-F GGCTCCTGGCAAAAGGTCA hum-CD24-F CTCCTACCCACGCAGATTTATTC
hum-MYC-R CTGCGTAGTTGTGCTGATGT hum-CD24-R AGAGTGAGACCACGAAGAGAC
hum-CCNDI-F  GCTGCGAAGTGGAAACCATC hum-EPCAM-F1 ~ AATCGTCAATGCCAGTGTACTT
hum-CCNDI-R  CCTCCTTCTGCACACATTTGAA hum-EPCAM-R1 ~ TCTCATCGCAGTCAGGATCATAA
hum-CTNNBI-F  AAAGCGGCTGTTAGTCACTGG hum-ANPEP-F1 GACCAAAGTAAAGCGTGGAATCG
hum-CTNNBI-R  CGAGTCATTGCATACTGTCCAT hum-ANPEP-R1 TCTCAGCGTCACCCGGTAG
hum-TCF7-F CTGGCTTCTACTCCCTGACCT hum-CD47-F1 AGAAGGTGAAACGATCATCGAGC
hum-TCF7-R ACCAGAACCTAGCATCAAGGA hum-CD47-R1 CTCATCCATACCACCGGATCT
hum-MMP7-F GAGTGAGCTACAGTGGGAACA hum-THY 1-F1 ATCGCTCTCCTGCTAACAGTC
hum-MMP7-R ~ CTATGACGCGGGAGTTTAACAT hum-THY 1-R1 CTCGTACTGGATGGGTGAACT
hum-AXIN2-F  CAACACCAGGCGGAACGAA hum-PROMI1-FI  AGTCGGAAACTGGCAGATAGC
hum-AXIN2-R  GCCCAATAAGGAGTGTAAGGACT | hum-PROMI-R1  GGTAGTGTTGTACTGGGCCAAT
1.2.5 T4 fa & F AR A {0 40 A% AN 41 il P 47 Bl e A A B Bolls DLx £ RoR, 5K

BRI BGRAT &, AR UL 4520 B8 43 S HE HR A
JHAZE LS5 2 P o

1.2.6 20 &% s Ek 2 5 FH IR 4t A I AL S
ok, AT, FEARERRT 6 FLAREE 5< 10° 4
i, wE3ANEFL. HigE 10d)E, BEE T
M, BEALIEE 5 S E A B B oA ek gl

127 BB R B0 )5 A,
PEAF AT, 7E 6 FLARAT 5X10° N4, % E 3
ANEAL. MR PR 10 d A, RRREE IR,
BR[O . YOS PR, AR LAR B AR
TEHEATIHRCRIAT IR

1.2.8 CCKS8 41 g 378 £ 40 FHIERBEIE 40 i AL s
TR, PEATAIMIITEL AE 96 FLARAH 5 X 10° N4,
FEASBF ]S 5 AN AL AN A s R
e, A CCK8 k7, MHE 2 h kil e .

oA E I DO EEAE s a2 S N TR L VAR = 2 N A 2 78
'P<0.05, "P<0.01, ""P<0.001,

2 %

=A

ES

2.1 YTHDF1 & & EAREMAL P LG R
FH Western EI3IE X 6 241 1968 £4H 4L RN 88 55 1T 2 4346
I YTHDF1 & /KPR IATE DL B, T 2 2R
" YTHDF1 (8 (268 7K 7 i 3 8 T 55 4 41,
SHEAGHFE Y (P<0.001, E 1) . %4558
W], YTHDF1 7E N 20 B KPR A T .
2.2 YTHDFI1 i@ i # 4 4 & B -catenin mRNA 8
¥R ki ME YTHDFI i %35 F YTHDF1 48
() Hep3B faf 4l 52, $REUE 31T Western Efif
PESL KPR, 335 YTHDF1 Jio, PB-catenin AYFEIA
Wi (B 2A) ; T4t YTHDF1 J5, P-catenin ¢35

13 %3t 4% R GraphPad Prism 8.0.1 ¢ FiHsRL (K 2B) . %45H1%W] YTHDF1 Al gL
0.6¢ ok
2
S o4l
M(X10°) ﬁw 04 T
YTHDF | | e — e | — e —— 70 Eﬁé
ACTB | e v e | ey v wy oy | —— — —— | 3 2= 02 T
T p T P T P T P T P T P ~
® 00— R

El1 YTHDF1 EAEAAFERKERIERS
T: AR LHE P S 2H 20 O A« HTIRE 2 25 RN 52 BT 2H 4R ) Western ERiIR 45 5% 5 B « TG 26 23 R 55 AT 40 21 Western B 3085 ) 58
45 H.P<0.001,
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HFp ) S B-catenin R,

J T i — 45 9¢ YTHDF1 L AA] oy =X 3 45
B-catenin [ F ik, 7E i # ik YTHDF1 A9 Huh7 4f
il & W pE4T T RIP-PCR 5256 ([ 2C) , 457 &
7~ YTHDF1 #1 B-catenin mRNA 7 B 4% & 2E 41 H.
YEH. D340, AMOA% F4e i T %) Western B35 ( [&]
2D) KM e DL as R (B 2F) Won, %
ik YTHDF1 1) HepG2 4 il & #% P B-catenin ) £
FHKF 35 /T R4 (P<<0.05, KI2E) o 7]

UL, YTHDF1 0] Bt {i& ffi B-catenin A #% 3 fin. 1&
it %3k YTHDF1 ) Huh7 #1 HepG2 40 Jitd &+, %t
Wnt/B-catenin {5 5 38 % (9 N i 73 F 4T T R,
qRT-PCR %53 i 7, #1335 YTHDF1 J5, TCF7.
AXIN2, CCNDI, MYC, PPARD I i % ik ([
2H) . VUSSR 45 R EW], YTHDF1 AlgE %S
B-catenin mRNA %5 & I8 ¥ B-catenin S H: T Jif# 43+
SHES

&
A‘Qb o & Huh7
EMRCIRC i
Hep3B M(X103) Hep3B M(X]O3) _— 5r 1
B-catenin lw 1 —-192 ﬁ-cateninl = |92. f-catenin Al
°
163 100 106 0.84 0.74__1.00__0.09 _0.05_0.07 sl
YTHDF 1| g — 70 YTHDF1|~, T |70 i
B_actinlw_'og EO 73.94 1'44|43 0.68 1.00 0.8 023 0.05 }312
ACTBI e M ——p -_143 Tl-
>R > o N
Q\QQ )iif%\iyl Q@Q )ié&%y 6\oa’é' P R\ ¥ 0 S0 ©
&R S
& & 4&
N
HepG2 « HepG2 Wntill ¥ N5
4L A% MAX10 21 2.0 *  mmocYTHDFI m HepG2-0e Y THDF1
B-catenin == — 92r( ) 57;, ,YE| 0 O 0e-CTL 10 CJ HepG2-0eCTL
= ‘
085 1.00 187 1.00 :ﬁ = ”@ g
GAPDH | 36 ¥E ) R
q0= z
g B =
Histone H3 — — 15 2205 =4 sk
S% Z kk
Q<‘\ @‘o@’ QQ\ Q‘Q\% 55% 0 ® Qé‘ 2 @
SN SN A & 0
a& R é& K @\@, ®® c?(\ %Q é\, @Qf\ L O
Qo Q > N
TO TS NS
— Wntill R 51
a = Huh7-0cYTHDF1
& 10 5 Huh7-0eCTL
>
8 iz g
= X
= X *
=
E;é 4 Hkkck
= Z
3 1~
Q = 2 e
[\? 0 A N é\' A C D @
E 9 N
El ORI N
= o Fs I

El 2 YTHDF1 ifF#% B-catenin R E TS FHIERIE
A3l #IKYTHDF1 Hep3B 4l Western EJE45 5 ; B Ml YTHDF 1 Hep3B 4l ffd Western EJiE 255 ; C . 4 3K YTHDF1
Huh7 4AE RIP-PCR &1 M iE 455 s D« i3 323K YTHDF 1 HepG2 404 5 /3 BS Western EJ3 2% 5 E . 1 6 78 YTHDF 1 HepG2
20 L A% SBT3 5 Weestern B3 2 45 5 F: 110 3835 YTHDF 1 HepG2 4 5 95 045 F ; G+ 38 %35 YTHDF 1 HepG2 4fififl Wnt/
B-catenin {5518 #% T 770 7 qQRT-PCR 45 ; H: 14 %1 X YTHDF 1 Huh7 41ifl Wnt/B-catenin {551 #% T 7437 qRT-PCR 45 H: .ns :

P>0.05, 'P<0.05, "P<<0.01, ""P<<0.001.
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2.3 YTHDF1 34 3% AT J& 4@ A6 64 38 74 48 /) B AY 9
F M Ky gk 235 YTHDFL #1 T 4f YTHDF1 1
Hep3B fa % 4 i /R, iz F qRT-PCR $ R £ mRNA
IKEAGM Arsid T4 ( cancer stem cell, CSC ) 73T
FriE¥ CD24. ANPEP, EPCAM, CD44, CD47,
THY1. PROMI %, Z5RE/R, 7Eit3RiK YTHDF1
f) Hep3B 4fl its & ', CD24 (P<0.01) . ANPEP
(P<0.001) . CD44 (P <0.0001) . CD47 (P<
0.01) . THYI (P<0.001 ) . PROMI ( P<<0.05)
SIS L (B 3A) , 7 T48 YTHDF1 /) Hep3B
4}l % 1, EPCAM (P<<0.000 1) . THY! (P<

0.000 1) . PROMI1 (P<<0.000 1) Z&H i T (&
3B) . JfH HepG2 i sl Bk sz i 4l W, %
ik YTHDF1 4140 B R AR A BB 2 K % 2 (&
3C) , YifuERIRE IR 2 XA (K3D) .

T8, SEAR FERETE Sk (18 3E) S5 R WoR, i
51K YTHDF1 J&, HepG2 40 I i i 7 b 45 i &
T AHRA4] (P<<0.000 1, [ 3F) , CCKS8 SLEass
R (K 3G) %5, %35 YTHDFI ) HepG2 4
i 1 B RE O B S v T IR, LA S SR R,

YTHDF1 19 L 385128 m 3 i -9 40 B i o geg 14
FEAR I TP 20 M 34 7

CSChrid CSChrid Hep3B-ov-YTHDF1
o mshnc  msh#2 HepG2
5 msh#l msh#3
m ov-YTHDF1
= = Eoihad 1 T T I B |
®o3t w7
=
£ I Li b
P& D F IS ® o IS oe-YTHDF1
SETF IR S _
Y'éé} © & & S {3/(}' ‘Qb Q‘%'O
Hep3B-shYTHDF 1
M HepG2-0eCTL HepG2
[ | -
300r HepG2-0eDF1 5. -4 0c-YTHDFI
sk g -] R4 b
g 4+ * ns *
< 2 .
12 200 am 3f
ﬁ sk Q
% Jode ek ;%2-
2100 21t
% . g 0 Il Il Il Il 1 1 ]
Rk 0 12 24 36 48 60 72
: RN i 18]/
oF oF oc-YTHDF1 AL &
AL
QQ

B3 YTHDF1 5% A7 40 i i Brhgeg T 1 R Y SR BE
A:o0e-YTHDF1 Hep3B i fitd i +H:pr 5 ¥ A9 qRT-PCR 25 5 ; B: sh-YTHDF 1 Hep3B 4t 83 +EA7 4 qRT-PCR 454 5
C:0e-YTHDF1 HepG2 4ififd Bk 5545 s D - oe-YTHDF1 HepG2 4 BiER 9256 & Bt 45 5 E: oe-YTHDF1 HepG2 44 7
Rt L8045 4L s F : oe-YTHDF 1 HepG2 4 1 P-4 5w M TE ML S5 40 22 245 4L ; G : oe-YTHDF 1 HepG2 #H i CCK8 SL O EESS AL

ns: P>0.05, "P<<0.05, "P<<0.01, ""P<0.001.

2.4 YTHDFI & & & TRTAT & & H e 2 FIH
Kaplan-Meier = 77 [t £ 73 #f YTHDF1 & 1 /K-F &
F 38 5 R BB Im K U5 19 56 &R & 8, YTHDF1
A KPR IR B H B A (P=0.001 3)

ATCHE HE A7 (P=0.001 7) ¥4 T YTHDF1 & /K
PR FRE R E . XEW, YTHDF1 & /K& %
5 H I RIS %8 YTHDF 1 28 KPR Rk
HH2E,
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1.0 — YTHDF it iA 4] 1.0, — YTHDFUMiL& k20
— YTHDF 1 ik 2 ‘ — YTHDF1 =I5 4]

0.8
o6
o
S 04
02
0075020 60 80 100 120
I 41/

80 100 120

20 40 60
fit ]/

4 YTHDF1 5RHEEEZIEARTBEHXR

3 it i

JHF g s 4 T LI AH DG AE T ) e R N 2
—, ERE, HERRRE (9.2%) IS
B HEA A 4, BOEE (129%) Hi& 27 i
Aok, BARIFEIRIT S TR ML, Harkl
X RF AR g 36T A IR 22, (H I A i e
PR B R, REEUE R E GRS )R
R IR 2, AR Z FARBITEE S ILAR
30% 0 I, BRSSO & A By T A W
MU, T EERIZWT . IRITERALET R NS, T
Ji BB TR PR T LA R

SR £ BT Y W, meA T LK A
YU EE 1 YTHDF1 ] 3 i Z R L 25 983 9
() R K . moA W LB 45K 3L e 2
KR IR IN-6 (7, it F232 F L AL Bl (meA
writers) 125 H 3 4k i (m6A erasers) M 1 5] 25
(m6A readers) I JH 4%, 1l YTHDF1 J& m6A &1 i
EHEMREAZ ",

H #, ¢ T YTHDF1 £ 5 Wnt il # {2 v AT
SRR B ML A AR 2 AR B3 L, LN Liu 25
KL, TEAPE AR, YTHDFI L m6A #Hfi i 5
AR #E Wnt {5 4538 [ #5 I8 37 /& FZDS (Frizzled-5)
mRNA %) # i5 fi 15, I 38 & FZD5/Wnt/B-catenin
1 s & AR A, sl RIP A5 SCUERA T FZDS
mRNA 5 YTHDF1 Y 45 &, 1 A #F 58 & 3,
YTHDF1 A fE B #% 5 B-catenin mRNA %5 &2 5T
TR R R, A, LizE %9 YTHDFI i
e 3k A] BRI T8 B CD3" R CDS' T 40 i 323,
I3 7] B8 J2 t YTHDF1 # 1% TGF-B Al Wnt i 1%

W A G BE I T B, 3R YTHDF1 ¥
5 Wnt 38 J% 02 2 9 08 R i ML B 4R 5N A TR,
HENZBIEAT G, 140 Luo % BF 5T & I,
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&I, YTHDF1 J2& i (A= A7 1 ) il 57 70 )5 A% 6
ik, fRZ8E5E " 48N YTHDF1 J2 JIF i v 7
FIRYT S TUE # 05 . AW YTHDFL fi o JiT
e 240 L AR TR A D, BTG T YTHDF L 2 i
JF P 20 M e Tk OB R A A R, AR
K Pid ik YTHDFL J&, J9 40 i b e 48 45
B L, HABEAE ) W E R, PT UL, YTHDFI 1Y
IR R T A0 A A AR

R FAMAFER Z AL Z A4k, BARIE T
YTHDF1 7] DA B #2454 B-catenin mRNA 50 Wnt/
B-catenin i i, HVA N FHE 530 B AT 5T 7 i 4
YTHDF1 £ 5 Wnt/B-catenin i # it ¥ 76 HL I 2E 47
WARRSY, A, YTHDFI 5205 B-catenin &35 I1E
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