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YAP promotes the migration and invasion of hepatocellular carcinoma cells through

regulating the expression of EEF1A2
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SHEN Weigan’

School of Medicine , Yangzhou University , Yangzhou 225000, China

[Abstract] Objective: To investigate the mechanism of yes-associated protein (YAP) in promoting the migration and invasion of
hepatocellular carcinoma cells through regulating the expression of eukaryotic translation elongation factor 1 alpha 2 (EEF1A2).
Methods: YAP and EEF1A2 were knockdown or overexpressed in human hepatocellular carcinoma (HCC )cell lines (SMMC-7721 and
SK-HEP1) respectively. Transwell assays were performed to examine the changes of the migratory and invasive ability of the HCC
cells. Reverse transcription-quantitative real-time polymerase chain reaction (RT-qPCR) and Western blot were conducted to evaluate
the expression of the indicated genes in HCC cells. Cleavage under targets and release using nuclease (CUT&RUN)-qPCR assay was
performed to evaluate whether YAP interacts with the promoter of EEF1A2. Results: Upregulation of EEF1A2 was shown in HCC
tissues, and the expression of YAP and EEF1A2 was positively correlated with the spontaneous migratory potential of HCC cell lines.
EEF1A2 facilitated the migration and invasion of the low migratory potential SMMC7721 cells and the high migratory potential SK-HEP1
cells and regulated the expression of Snail and E-cadherin, which are two well-characterized epithelial-mesenchymal transition (EMT)
markers. The results further showed that YAP regulated HCC cell migration and invasion by up - regulating EEF1A2. In addition,
CUT&RUN-gPCR analysis demonstrated YAP occupancy at the promoter of the EEF1A2 in HCC cells. Conclusion: YAP up-regulates
the expression of EEF1A2 through interacting with the sequence on the promoter of the EEF1A2, and subsequently promotes HCC cell

migration and invasion.
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AT 4 i g8 (hepatocellular carcinoma, HCC ) J& fix
WL S PR SR, R ERAE HCC JRE AL T A8
L 80 71 . HCC WY K AE M & — 2 L IR
PR, W SR HE AR OCAE Sl . BFoT R,
Hippo {55 538 % Hh 1% b i PR 738 2k — 22 9] 0t
Y5 B 7 e SR TG T I AR RN 53§ Yes AH G HE 1
(yes-associated protein, YAP) FlE. A5 PDZ 4% & R v
1Y 5% 5% 236 4k H 1 (transcriptional co-activator with
PDZ-binding motif , TAZ) , P i I8 45T Jie 52 i 241 3
B | b 7 18] i 4% 4k (epithelial-mesenchymal transition,
EMT) D R Jilig 5 7% S5 AR OC L DR (0 2 3k, T AE
SRR R A AR SRR P R A OC T . AR
Jifd B 12 4EE A R F 1o (EEF1A) A9 B A W2 8 EEF1A1
FIEEF1A2, 38 5o fie 7 22 9 25 (RNA 505 1A A fi7
MOES G TR S S AR O R A 22 KR S
i L R T, EEFIAL N Z RIAWEA,
I EEF1A2 (1 3Rk HA HA R e itk BFE R B,
EEF1A2 78 Z B i (60456 D9 S Lo i e
S5 iRk, I 5 IR Y & A R R DA DG
EEF1A2 7 T 4 20 8 3Rk, IF il ad EEF1A2/
PI3K/AKT {5 = Sl 42 S0 04 S A= Fn  Jre ) fHL2:
A O EEF1A2 18 i & AE F0K JR o B v i 4 FH O
S HALGIIRA Tt — B 058 . BFFE L BL YAP
TENHRHZUP = 3RIA 15 TR A K AR R R 1)
AR SR, H R A TEAE YAP BE A3 3 i 8 42
EEF1A2 BRI T 09 A LE AR T
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1.1 ##

N AT 985 28 B ¥k HepG2. SMMC7721 . Hep3B .
HCCLM3 . SK-HEP1 F1 HEK293T 4 Jfd iy A< 512 56 28 {5
17 ; DMEM $5 27 3 Fl it 248 L7 (Gibeo 24 A, 2 F ) ;
100 x 75 55 F /5 5 2 W0 RIPA 247 . BCA H
FE AR £ AR b R ECL Ak 2
RN & RN EW A 7)) ; pLent-U6-Puro

eukaryotic translation elongation factor 1 alpha 2; yes-associated protein; cell migration and invasion; hepatocellular
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ZX & (ViGene Biosciences 2~ ) , £ H ) 3 pMD2.G p|
psPAX2 (Addgene N, FEEH) 3 TRIzol (Invitmgen N
A, 32 ) ; Lenti-Pac 125 #5005 1457 £ ( GeneCopoeia
N, FEE) ;s Transwell 40855 5575 /VEs ( Corningﬁ\ﬁj s
% [H ) ; HiScript Q RT SuperMix for qPCR Fl AceQ
qPCR SYBR Green Master Mix ( Fd 5% 345 MEHE A= 1) 8
A ) s bt N EEF1A2 2 va ik ( Bl 2 G549
AN s /N BT E-Cadherin 852 BEHL 1A (BD 23 ]
K ) ; Pt A YAP/TAZ YAP , Snail B 5 [ 514 LA
J HRP FRic BT e 1gG At/ 1gG DL K e (o Jo i
v] i UK (cleavage under targets and release using
nuclease , CUT&RUN )& & (CST A F], £ [H) 5 /MR
YU GAPDH B FE RPN A ) 5 Rik
YAP (B9 55 3235 EEF1A2 (1 5 5 LA 5 % e g
a8t (LU AR B AE )RR AT BR A A 5 #L 1) YAP,
EEF1A2 B SRR 519 X B 51 9 L)L S € & PCR
519 A s R AR R A R WA
12 Fi
121 @ik

FITAS 4N B 37 T 10980 2F 3 1% 75 5
FR/BERE R 1) DMEM & i85 32 3, F 37°C 5% CO,
BT
122 RRARFHAGHE ORI TR iHiL

A I Y APGE L4751 5’ -GATCCGCTGGTC-
AGAGATACTTCTTAATTCAAGAGATTAGAAGTAT -
CTCTGACCAGCTTTTTTA-3' ; X 4% ¥ 51 5'-CGCG-
TAAAAAAGCTGGTCAGAGATACTTCTTAATCTCTT-
GAATTAAGAAGTATCTCTGACCGCG-3")F1EEF1A2
(IE X 4% ¥ %) 5" - GATCCTTCACCTCCCAGGTCAT-
CATCCTCGAGGATGATGACCTGGGAGGTGAATTT -
TTA-3"; ;& 4§ ¥ 51 5" - CGCGTAAAAATTCACC -
TCCCAGGTCATCATCCTCGAGGATGATGACCTGG -
GAGGTGAAG-3") (I ST IR 51 W) L Kot B 51 )
(1E X EEF %) 5'-GATCCTGGTTTACATGTCGACTA-
ATTCAAGAGATTAGTCGACATGTAAACCATTTTTT -
A-3"; 2 XAEERF ) 5'-CGCGTAAAAAATGGTTTA-
CATGTCGACTAATCTCTTGAATTAGTCGACATGTA-
AACCACG-3") ; 53 5| 5 % 3| pLent-U6-Puro 244 1)
BamH 1T F Ml 1 7 500, 207 25 , 5 pMD2.G
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il psPAX2 55 Yt HEK293T 41 it 78 17 1% 75 2% 19 £
%, Y 60 b WA AR W 9T 0.45 pm B U8
i ok UE B FH A2 B W 43 0 8 SMMCT721 il
SK-HEP1 -9 4 B , SR FHRERS 85 R ik 14 d 4045
R Ak
1.2.3  %8Bf 2% PCR(real-time quantitative PCR,RT-
qPCR)#&mI 48 % A8 B #9 mRNA A K-F

TRIzol 328 771 & $1& BT B0 AE 1 10 119 45 20 40 it 1y
S RNA J5 , 2R ] HiSeript Q RT SuperMix for qPCR
15 & 1 AceQQ qPCR SYBR Green Master Mix i 71|
By WIHEAT I A qPCR, qPCR FV 514195 C
5 min FZE 14 ;95 °C 10 s, 60 °C 34 s, 40 P,
EEF1A2 (1 U519 )7 51 21 5’ -GGACCATTGAGAA
GTTCGAGA-3", T ilE51 ¥ F 51 R 5’ -AGCACCCAG-
GCATACTTGAA -3’ ; Snail 1 ¥ 51 91 5 %1 Ky 57 -
AATCGGAAGCCTAACTACAGCG-3', FiiEs | ¥4
45 -GT CCCAGATGAGCATTGGCA-3' ; E-cadherin
1 F9ES 51 5" -CAAGTGACC ACCTTAGAG-3,
T F%) K 5" -GAATTTGCAATCCTGCTT-3' ;
GAPDH #5191 ¥ %1} 5’ - GCACCGTCAAGGCT-
GAGAAC-3", N5 ¥ 514 5'-TGGTGAAGACGC-
CAGTGGA-3', i ] LightCycler®96 %5 {4 i 47 ¥ 4
5387, LA GAPDH S N2 47 iR 2 kit B
TR AR R
1.2.4 Western blot 4% 48 % B B 69 % & & ik K-F

K H RIPA 2 i 48 B dH e b ) S
BCA & [ s iR S b AT 8 Ao & AR AT
SDS-PAGE , #1522 PVDF B |, SR 5% i B
Wit B J5 5 AN —H0 T 4 CIF & 0 A
N BRI E S, N ECL &6, T4 A shik
22 RMAUNAR
125 wmiidf5aE sk

SIS SCHER O O AT B R AR <
PR LT YUK L 75 B0 45 2 40, ) 5 40 i B
AT EUS R & IG 4 1L 9 DMEM K7 37 506
SMMC-7721 4l it ¥ %% °& 1.5%10° 4~/mL, SK-HEP1
211 L 94 3%y 1.0x10° 4> /mL; 43 1 200 wL 9 F iR
2] e 2 VR 4 T B 0SS Bl A Matrigel SR 4l Matrigel
4 Transwell /NE 1, 98 5 0 Transwell /N E A &
600 pL5E & HEFEHREAY Transwell % H1, F 37 CHRLE
B35 24 h, HUH Transwell /NE BT 4% 22 52 H % [
FE W T E S ARSI N E A 4R
K 2 i 8 e e (T RS FHR 22 0 0, T30 5 A
25 WA TSI ST HE R R 22 A5

12.6 CUT&RUN-qPCR %23

CUT&RUN 5 & A 55 [ CST 28wl 7= i, 4% 1]
WA ERERERE, MELEOT .
SMMC7721 40 Ml 5 ®EZRBE T J5 . A RPT A\ YAP
M RREHR SAITT YAP S A, 5 M E S
A Protein A/G-Tn5 % K 55K 45 & 5, FmA
Mg B4 5% R AR, (75 DNA F Bt Ak, $2HU DNA EFT
qPCR B1IE , PCR #5197 511 R 5'-CATGGTGC-
GCCCAGGAG-3", NiiE5| ¥ ¥ 51 0 5’ - GGCCT-
CAGGGTGGAAATCTG-3" . 4 B335 YAP 471 {4 Al
IsG H &G 11 DNA (5 m A g 657 1) LU (E, 5256
25 H YAPHUIR E S 1) DNA 5 1gG = 4E 1 DNA (1)
R
13 Sit¥H%

I FHER A SPSS19.0 Fil Excel 2013 X447 43
B, B R AR 22 (x £ 5) o, AL R] L3R
KRR, P < 0.05 AEFAGIFE X,

2 &% R

2.1 YAPF2EEF1A2 &} R [F) £ #5 5% 77 64 BT ok 2m i iE
B iz L0 oR

38 17 A el E 3 R 4H B 3 (the cancer genome
atlas, TCGA ) B ¥ 1% (http://gepia.cancerpku.cn/index.
html) 73BT EEF1A2 78 T8 4l 21 D) K 55 L 20 i
F3k, 45 58 B8 EEF1A2 78 T8 41 23 4 19 mRNA 7K
T TSR (P <001, B 1A) . Western
blot A5 A [5) 3 7 i 7 10 98 40 i 3R (IR AS g
J11 HepG2 .SMMC7721 #l Hep3B £ itd 28 LA % 55 1T
F£HE 119 HCCLM3 1 SK-HEP1 4iiJitt 5 ) ' YAP/TAZ
FIEEF1A2 1y 33k, 45 5 /R YAP/TAZ F1 EEF1A2
TE = 12 fig 7 0% ) 4 M HCCLM3 #i1 SK-HEP1 rh
(1) 2% 35 ) TR GE B BE J7 19 I 98 40 L HepG2 .
SMMC7721 #1 Hep3B ( &l 1B) , i% 45 2 &K B YAP/
TAZ I EEF1A2 %) 3R 35 7] fig 5 -9 40 i () 12 7% fig
JIME,

1 T BIFGE Y AP F1EEF 1 A2 X6 9 40 7%
2215 W), A E 5T A T A0 YAP 3K Gk AT R
EEF1A2 335 i 8 2118 95 7 LA SO0 BRI 22, 4301l
YA IT 2 B 7 119 SMMC-7721 40 it F & 3 7% ik
(1) SK-HEP1 4l , >R PGS 85 R i vE 2 Jal )5, dar 1
T THLRA A MAEAY  HOR i 7E SMMC7721 il
SK-HEP1 Zf ffd v 43 0| B 4 ¢35 YAP . EEF1A2 [ /it
T, A T YAP R EEF1A2 33 32 A 1 J-96s 40 Jfa
5 K FH Western blot J7 i E 173 R R IR U8 o , 25
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A: TCGA R IE /- HT EEF1A2 mRNA TEFP A 2L K s 20 13636, T IR 4141 (n=369) , N S5 2 (n=150) , IHL EL 45, P < 0.01;
B:Western blot K IMIGIE AL BE 1 () HepG2 .SMMC7721 1 Hep3B 4 fifd L) K =53 A8 BE 7 1 HCCLM3 #1 SK-HEP1 4iiJfid ' YAP/TAZ M EEF1A2 [ 2K
335, GAPDH N N2, AL HLES P < 0.01,n=3;C .D: Western blot &l - 5kt #35 YAP A EEF1A2 () SMMC-7721 F1 SK-HEP1 -9 21 A
I YAP A EEF1A2 IR 45 G50 NC 1 TR XS IRZ, NC2 Myt R X IR, KD-YAP i YAP THL KA 4], OE-YAP JJy YAP i ik 4,
KD-EEF1A2 }y EEF1A2 T4k 4 , OE-EEF1A2 N EEF1A2 3 #3540 . GAPDH NINZ, 4 [L#E, “P < 0.01,n=3,

1 EEF1A2 1 YAPZERFE M R P IURIE
Figure 1 Expression of EEF1A2 and YAP in HCC cell lines

mEc. DAL, 545 B4 (NC1) A e, AR
YAP(KD-YAP) fl EEF1A2 (KD-EEF1A2) ¥ & 35 [#
ik SMMC - 7721 41 fifd 1 SK - HEP1 4 g H YAP A0
EEF1A2 ik ; 5ad ik X B (NC2) HH He , i 3R ik
YAP(OE-YAP) fll EEF1A2 (OE-EEF1A2) ¥4 i % |-
T YAP FIEEF1A2 ik, %45 L, A6
FE IS, T YAP HIEEF1A2 T4 A5 255 By e
ARREA Y, AT TR S SC s AT .

BT YAP FIEEF1A2 7 i s #2350 A u
5% 1 — 25 | H Transwell 4f Jd i # F14= 28 52 56 WL 52
T 4L YAP fil EEF1A2 3 ik XK iE B 66 1 1Y
SMMC7721 40 e Fli=5 i # Be J1 1Y SK-HEP1 41 e it 5%
MR BRI R, 45 R BoR, 545 A % 8 4 40 i 4
L, T4 YAP F AT EEF1A2 R3] L 3
Pk SMMC7721 41l Jifd A1 SK-HEP1 ZJi] Jifd i i 7 Al iz
22 (JF12A B, YAP T4 R340 il 5 & 1 % B4 1T
% R 28 19 AH X 20 M9 UL 7] - SMMCT7721 40 Jf oy
0.663 = 0.110 vs. 1.002 + 0.067 F1 0.603 + 0.156 vs.

1.004 + 0.117; SK - HEP1 41 Jfi & 0.665 + 0.153 vs.
1.003 + 0.094 F10.637 + 0.147 vs. 1.007 + 0.125,
P EEF1A2 FIR 40 M0 5 45 7 %) RRA R AR 22 1
S 41 i L 5] - SMMC7721 21 e Ky 0.563 + 0.131 us.
1.006 + 0.088 F1 0.561 + 0.102 vs. 1.004 + 0.065;
SK-HEPI 4fi fifi >/ 0.549 + 0.132 vs. 1.002 + 0.117 #71
0.479 + 0.162 vs. 1.001 + 0.127; P < 0.05) ., %45 %
T, YAP F EEF1A2 78 98 41 B AT % AR 280 72
rh R LR EH
2.2 YAP P95 4 B EEF1A2 & EMT 48 % 3 B
kA 08

AU AT ST T Hippo i B TR 73+
YAP I TAZ TP 35 19 SMMC7721 2 A5 7Y, -3
i RNA I J¥* (RNA - sequencing, RNA -seq) % + $
YAP TAZ F173 2 % BE 59 SMMC7721 40 g k47 1 %
SR AT o ARG TN T4 YAP R TAZ T 1%
1) 22 S IR FE OS2, A 432 & P (14
3A) s R TIRE E T s X H F I S 51
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A B Transwell SZIAG I Y AP A1 EEF 1A2 T4 26 25 % T 40 i SMMC7721 F1 SK-HEP1 3T 8 AR 225401 ( x 200) ,NC1 R T4 155} i
4, KD-YAP § YAP Tt #3540 ,KD-EEF1A2 Jy EEF1A2 T4 #iA4H . P4 4, P < 0.05,7P < 0.01,n=3,
2 FH YAPF1 EEF1A2 ik 34 BHE 4 BT Fi2 22 520
Figure 2 Effect of YAP and EEF1A2 knockdown on the migration and invasion of HCC cells

SMMC7721

AT RS AN IS sl RN A0 At A (& 3B) , Horb 4y
5 EEF1A2 DL K 5 EMT #H ¢ () SNAIL F1 CDHI1 4§ .
AT UESE YAP X EEF1A2 SNAIL A1 CDH1 35 15
W, 3 i1 %6 R RT - qPCR ¥ 4F T YAP %t
SMMC7721 41l ffl ' EEF1A2 ., Snail (SNAIL (1) 335 7%
Y1) F1 E-cadherin (E-CAD, CDH1 E]’J%%iifﬁ%mRNA
IR FENR , K 25 R 5 RNA-seq 25 FAH—34, YAP
T4 357 LU 8 EEF1A2 F1 Snail i mRNA 7K,
1 E-CAD ¥ mRNA /K- (& 3C, YAP T-HE Flid 3=
ik 1 SMMC7721 4 il 5 4 B X f 41 4 g
EEF1A2 . E-cadherin 71 Snail ) mRNA #H % 15 &

EEF1A2250.521+0.150vs.1.001+0.0837F11.482+0.182
vs. 1.053 £ 0.093; E - cadherin & 1.651 + 0.192 us.
1.002 + 0.113 10.522 + 0.202 vs. 1.113+0.103 ; Snail
49 0.581 + 0.173 vs. 1.013+0.103 1 1.723£0.282 vs.
1.016 + 0.073, P < 0.05) ; Hyk , i FH & 57 1 YAP T
P FN 3 26 3K B9 SMMC-7721 F1 SK-HEP1 T %% 21 Jifd
PR 38 45 Western blot A T YAP 40 filid
ZE IR XF 40 il v EEF1A2 | Snail L) J2 E-CAD & H %
IR IKF- B 52 e, A 25 SR 5 RT-qPCR 55 UF 45 2 48
— 3, T4 YAP 35 0] LU R ¥ EEF1A2 1 Snail,, -
W E-CAD, M YAP 8 A W v] DL | EEF1A2 #71
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Figure 3 YAP regulated the expression of EEF1A2 in HCC cells
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