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B WTAP £ E %] fh R 2 A549 ZRA0 T M4 41521 T R Y2

MR, TR, 4422 Zmhr? kB AR RAR AAE(L. FAbdb T IR AR EEHATE A KK D
075000; 2. X ZFEH KF FRAR, X Z 300193;: 3. RETFTARER ILBHINF, £Z 300000)

3 =] 8@ & iT S 4R 1-45 4% A (Wilms tumor 1- associating protein, WTAP) X A il s A549 41 i 158 iE 2 AR
IR . 2 ik O NIRE AS49 4N AN HEK293T, ¥eit 940 shWTAP T30 541, ¥4 78 18 975 35 2 /R 5URL, 76 HEK293T 4T it
£ 21855 B 5 B e Nl AS49 4 i, X R ZH B gk 277 R kL. F qPCR F1 WB SE36 4l A549 41 s WTAP mRNA Fil 25 A
I 3% 7K1, F BrdU S256 40 i R &7 4 5256 . Transwell S5 73 546 ) AS49 40 ffa (1) 38 58 T AR 2868 1. 46 & lTh i
shWTAP-1 Fl shWTAP-2 ¥ Fil 18975 2 bt , S e AS49 Al , 57 BRZH LL %, AS49 41 fild H WTAP mRNA FIEE (AR IEKF &3 i
(3 P<0.05) , 40 B AT G5 3T 7% T2 2B BE ) 5B 35 R IR (34 P<0.05) . #5 &« mi (% WTAP 3 & 1 25 3 60 A\ i JI 8 A549 41 i
B3 3 A RI{R 2% R N A S A A B, WTAP ZE DK (1) 3204 5 10 B 1 R A R JEAH 5% , WTAP 1] RE 2 il B9 1297 1 — A7
TEHEAR.

[RSIA] BB AR 1-45 4 25 11 OWTAP) ; Jili i s AS49 4H i ; 185, iT 4% 5 1R 2%

[FE42S] R734.2; R730.59; R730.2 [SCEAFRIRTE] A [XEHES] 1007-385X(2019)05-0512-06

Effect of WTAP gene knockdown on malignant biological behaviors of lung adeno-
carcinoma A549 cells

TAO Ran', WANG Ce', YIN Tingting®, LI Yixuan>, ZHANG Weihua’, ZHANG Chunze®, REN Junxu' (1. Department of Histology and
Embryology, Hebei North University, Zhangjiakou 075000, Hebei, China; 2. Graduate School, Tianjin University of Traditional Chi-
nese Medicine, Tianjin 300193, China; 3. Department of Anorectal Surgery, People's Hospital of Tianjin City, Tianjin 300000, China)

[Abstract] Objective: To investigate the effects of Wilms’ tumor 1-associating protein (WTAP) on proliferation, migration and inva-
sion of human lung adenocarcinoma A549 cells. Methods: Human lung adenocarcinoma cell line A549 and HEK293T cells were cho-
sen for this study. Two sets of sSitWTAP interference sequences were designed to construct lentiviral vector plasmid. Human lung adeno-
carcinoma A549 cells were infected after packaging lentivirus in HEK293T cells, and the control group was transfected with 277 empty
vector plasmid. The mRNA and protein expression levels of WTAP in A549 cells were detected by qPCR and WB. Changes in prolifera-
tion, migration and invasion of A549 cells were detected by BrdU assay, cell scratch healing assay and Transwell assay, respectively.
Results: Two plasmids, shWTAP-1 and shWTAP-2, were successfully constructed. Compared with the control group, the mRNA and
protein expression levels of WTAP were significantly down-regulated in A549 cells with WTAP knockdown (both P<0.05), and the pro-
liferation, migration and invasion ability of cells were significantly decreased (all P<0.05). Conclusion: Knockdown of WTAP signifi-
cantly inhibited the proliferation, migration and invasion of human lung adenocarcinoma A549 cells. The expression of WTAP gene is
associated with the occurrence and development of lung adenocarcinoma. WTAP may be a potential target for the diagnosis and treat-
ment of lung adenocarcinoma.
[Key words] Wilms tumor 1-associating protein (WTAP); lung adenocarcinoma; A549 cell; proliferation; migration; invasion
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AR, Bt AE PRI DR 2 IR s e, o 6 e 1)
IR & AR KA I B WA A7 3 B35 TR AIG,
AT S i 1) S 2 W R 7 B R . B4
M98 1-45 4 85 1 (Wilms tumor 1-associating protein
WTAP) 7E i i 5 B s s Jie Joit 41 B 98 ™ B ifn
T O JE B e A5 e A i v R v R IA S TR e A TR
WTEAIT R 55, KA — € W A (87 it e 40
WO AE R WL B A TE . WTAP 22 — Bl B 2211
RNA F 5L 7% g, 7] 9 2% AL 5% 7 8 3 (methyltrans-
ferase-like protein 3, METTL3) il i J& {4 ¥ 2 [ig 14
(methyltransferase-like protein 14, METTL14) — 2 £
5 N6- H 3 JIg 22 14 (N6 -methyladenosine, m6A) i) 15
TR E EE DS, 25 1% RNA B3 FaoE 1 DL & ]
RIS, T2 N R R RS KRS, K
URIZ ] RNA F P BRI 1 m G N\ il e A549 41
M s WTAP 5 [R], W2 0F 2 40 Mo 34 8 3T 7% iR 28 e
JIHIFZ W, B 1E R AN 7T WTAP 2 K 1 fig DL K Ji
Jhde A R PR i it S BG4 4R

1 MR5EE

1.1 mfe & B £ X7

il R g AS49 21 i 5 HEK293T 41 ffg 15 5k B A<
SLR R 7 37 °C5%CO, B ANEE N & 10% i
A= M35 1) RPMI 1640 55773 15 9% .

RPMI 1640 £5 774 « it 4 I 375 A1 g & (1 g I 5
Gibco A A , Jii #i pSuper.retro.puro (pSRP) Fl2 5 £ £l
B R GK A A SIS = BRI N D) R I NEB A A,
E.coli TI AT HGAF &I A X E& AR, RO
I} (polyethylenimine , PED 14 H Sigma 2~ & , T 5§
) BIOWEST ‘A ] , RIPA 58 20 24 il (% PMSF) «
A< T A _EFEE PR ECL UL 22 RO F &R 3K
% A ), Transwell /) % 1 § Corning A 7] , TRIzol i
71 38 DNA 2 AR 7 & 38 % 50855 & PCR R
&I E KRR B F R A F L, PCR 5144
H &:ME# A 7], GAPDH Hi /& Al WTAP Bk 7351 6 H
% W15 2~ 7RI Abcam /A ] , BAR It 4240 20 B (HRP)
LS R i E e AT .

12 shWTAP Aty M#ER L5 %

FRFE I 7L 5h ) EAZ 40 L shRNA [) Tuschl AA-19 nt
B U, N WTAP 2[R i mRNA 7 51 H ik 1 2%
shRNA #7371, H-45 BURH B0 T SRR S DNA SR
FIH Ambion shRNA 7E 2 fF B 1t 1 4t % WTAP 1
shWTAP - 1: 5’ - GATCCCCGGCAAGTACACAGAT
CTTAATTCAAGAGATTAAGATCTGTGTACTTGCC
TTTTTA-3’,3’-AGCTTAAAAAGGCAAGTACACA-
GATCTTAATCTCTTGAATTAAGATCTGTGTACTTG

CCGGG-5" ,shWTAP-2:5"-GATCCCCCAGATCTTA-
ACTCTAATGATTCAAGAGATCATTAGAGTTAAGA
TCTGTTTTTA-3" , 3’ - AGCTTAAAAACAGATCT-
TAACTCTAATGATCTCTTGAATCATTAGAGTTAAG
ATCTGGGG-5" . @it Bgl 11 5 Hind EGYI¥ 2 %7
F153 AN pSRP #UAA , EHE =W AN E.coli T1 411
o, 15 3% 4k T pSRP-IWTAP-1 5 pSRP-iWTAP-2, 4
EcoR 1 f1 Xho | BV % 5E . EcoR 1 MV i Ih 340 1
PSRP-iWTAP JFi i , T4 DNA polymerase #hF-&k 1, 4fift,
J& Xho 1 B8V, [A1UZ DNA FEX. EcoRV #l Xho 1 B
1277 25800, B RIS DNA F BOE L7, 64k
AN E.coli T1 ZHi ffii o, 15 237 1 4% 4k F shWTAP-1 5
SshWTAP-2,%4 BamH | 1 Xho | B % 5E .
1.3 WTAP-shRNA 1% 5 % 69 = & 5 A549 m it ¢ &
FH 1895 75 0. 3% & 4t v 3 #05 FZ DNA[pGCL-GFP
(B et 8 ) 84k 2.5 pg.pHelperl.0(gag/pol 7G
) 34K 5 ngpHelper2.0(VSVG o) #:4% 3 pgl 5 7l
Jn_E sShWTAP-1.shWTAP-2.277 %5 # 4K kL % 12 pg
il % 2 A0, NN PELR A 55 Y« HEK293T 41 i , UK
£224 .48 A1 72 h I 40 b7 VR, 3 D e 4 /5 (RIS 43 331
SR % B AS49 41 M DL~ AR e A B &R 3 AE N
ShWTAP-1 £ .shWTAP-2 41 54 4 AR R HE 41 .k e
R, ASAO YRR A E N 70%, Fr L4000 EIERL IS
U (6 pg/mD R EER, 12 h 5 ELHHDIRAS , B4
NIEHESE TR RE 3K, 5L R E N W% GFP |
FIEEOL, W HE S N 5 4L Wb SE5G .
1.4 qPCR#] A549 28 it WTAP mRNA #9 % A
ShWTAP-1 ZH . shWTAP-2 ZH 145 % 4 sk R 4 4 it
T 100 mm 35 77 ML AR 85 7% 225060 30 K I T ml i
TRIzol, E L E 5 min J5 I 200 wl & 475, FH 11753 30
s, ZEIRHCE 3 min;4 °C. 12 000xg 250> 15 min; MEHE
W B 3B W 2 55 1.5 ml ) Eppendorf & H , I\ 2544
.20 °CHUA 1) IR , YR 21 )5 =R ITHE 10 min; 4 °C.
12 000xg #5.0» 10 min J5 2 B3 s I 1 ml 4 °CHUA K
75% LI YRR UTIE I B OV BE 34 °C, 12 000xg B0 5
min, 7 175, BRAF CBEFE K G I 50 pl RNase-free
IKE LR WA cDNA , [N 24 : 42 °C
1 h.70 °C 10 min.4 °C 1 h. %[ qPCR 71|15 BH e i)
20 pl 7R F PCR I SR EVRGHATY 3G, IS5k A 4:95 °C
A M 10 min. 95 °CAE M 30 5,55 °CiE K 30 5,72 °CHE
430 s, 5 30 MEFF, 72 °CIE{H 7 min, 4 °CLEFF .
GAPDH 5|#) F 5 GGTGGTCTCCTCTGACTTCAACA,
R N GTTGCTGTAGCCAAATTCGTTGT:; WTAP 5|4
F N CCTGGAAGTTTACGCCTGATAG, R & CTT-
TACTTGTGGCCTCTGACTG. VA2t 5 H )5
mRNA [FJRIEH .
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1.5 WB 324 A549 fm it WTAP & & 49 & &

# sShWTAP-1 41 .shWTAP-2 £ 5 75 3 44 xif FE 41
YA E T 100 mm 55 78 M 3 77 BXHECE K, A
600 pl RIPA 58 24 24 7 (& PMSF) VK 4% 30 min
Ji A B A AR H ) B RN A E TR
(IR i 5 5 73 B 182, SR JH] Bio-Rad ik 2 B s 2 1
17 SDS-PAGE 43 & . % #% 2| PVDF I I, 5% Mg 4
Yr=iRE A2 he I WTAP(1:5 000) il GAPDH(1:
5000)—Pi 4 °CHF & i %, TBST Pl 3 VK, £t fe
“H(1:10 000) FE L HFE 2 h, TBST /i 3 ¥k, ECL i
BOR I AT N T L 1 min, T 2R E.
1.6 BrdU 5 Ia4a M AS549 4@ it 64 38 74 7% /)

SoF B KW shWTAP-1 4H . shWTAP-2 41 5 %
A KT B L 400 i DAL 1 10° 40 B B A T 96 FLES
FEMR A, B SAMEFL. B FE 1 dJE I BrdU (4
W PE N 10 pmol/L) , 37 °CHE B 4 h; I 15 727, N
A 200 pl Fix Denat , 2 Jii #% /K % & 30 min; 3 L3,
IINHT BrdU ik CTAERK B 1:100) , = iR FE R E &
1.5 h; 7 13, PBS Wl 3 4 IR A B S min, F- A0
A 1 mol/L H,SO,(BEFL 25 ) 2% 1E [z B 5 I B A A AS:
TP KAE 450,690 nm (S5 KO b [156% FE (D) H,
MR Daso— Dioo 73 A1 4H L 1Y HE 45 5
1.7 XRS5 3046 M AS49 ta it 64 3T 4% ik /)

Sof B A K W11 sShWTAP-1 4 . shWTAP-2 41 5 %%
B8R X L L 200 i ) B 5 108/ 4 B VAR T 6 FLAR
R M A K 28 80%~90% YL A i, A 10 pl A6 Sk 7E FLAR
W L2 BRI, PBS Wk 25 L v 40 L, InAS 2 i 2 i
f*) RPMI 1640 15 77 2L & T 5 4645 9%, T 0.36.72 h

TR THERR 40 T R P S . KR 2 (%)
=(0 h RIJR %% & —36/72 h XIJE 5% /0 h LIl JR %8 75 x
100%.
1.8 Transwell 52 I5 4 A549 2 it 6413 & 48 7

B0k BA KW shWTAP-1 4H . shWTAP-2 41 5
21 A5 A T HE 2L 1 20 P P 1 R O A S R A
2 5x10%/L, K% 200 pl 20 fid 2 0% i &2 Pl A 2k IR
JBE 1) Transwell /N = (1) B2, T Z= WSEIIA 500 pl 7
5% 25 I35 B 55 7 5, 15 95 IE LSl i 1= 28 e 7032
tho 4% % B WEE[E 52 15 min J5 0.1% 45 f L e, 1
22 PBS ik 3 I, TE e T Lg% b R b
LA SN RRET TR EUR 2R AN
1.9 “%hitzae

qPCR.WB DL S 4ff ffa 3% 5 T8 1R 28 55 SL 50 35
3. G 53 SPSS 22.0 X s 3k AT 4>
7, H Graph Pad Prism 5.0 3 HE K. 11 & TR DL vt
s T, P AL AT USR] ehr s s THEUBERI AR (Y0 R K
F /2 #56. PLP<0.05 8 P<0.01 RonERE it %5
o

2 & R

2.1 & # 3 ShWTAP-1 A= shWTAP-2 Jfi 45

EcoR 1 Fl Xho 1 B 1) pSRP-iWTAP-1. pSRP-
iWTAP-2 Jifi KL , 28 1.5% ) Bt fE B 6 g H 3k 75 3] 320
bp M) 2% 7 , 25 AR 15 ) 260 bp B 5% 7 (B 1A »
BamH 1 1 Xho 1 B 1) shWTAP-1.shWTAP-2 Jii i ,
28 1.5% [ 5 0% Bk JI2 LUK A5 31 800 bp I 27 , 25 %K
1AR15 21500 bp 45 (B 1 B).

A: Enzyme digestion identification of pSRP-iWTAP-1 and pSRP-iWTAP-2;
B: Enzyme digestion identification of sstWTAP-1 and shWTAP-2;
1: Sequence 1 constructed plasmid; 2: Sequence 2 constructed plasmid; 3-4: Empty vector plasmid
1 shWTAP RIS E
Fig.1 Identification of shWTAP plasmids

2.2 shWTAP /i 42 4 3 J& I B 5% AS549 2m J. WTAP
mRNA 9 %& ik K-FF 18

qPCR # W 45 5 (& 2) & 7% , shcWTAP-1 4 .
shWTAP-2 2 A549 41 i  WTAP mRNA 2 ik /K- #H
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AT 2B AR B 2 (1=6.892.8.641, 34 P<0.05) . 4 1 20 5 shWTAP-2 20 A549 41 i XIJR i 75 K W B A% T
KB, ShWTAP-1.shWTAP-2 Jiii i #% 4L 5 it Jig 9 Sof B 20 (/=3.26.3.739, 341 P<0.05) . 45 S £ W, Bk

AS549 411 SZHL T WTAP mRNA /K9 R WTAP & [5] f5 $00 il /il i it A549 40 i )T 4% e
< A Control  shWTAP-1 ~ shWTAP-2
% WTAP - “ .-
E 0.5} X ? § b
2 7 . £
Control shWTAP-1 shWTAP-2 & _*l‘_
*P<0.05 vs Control group g 0.5 7 -
B2 shWTAP BkI%E %2/E A549 A WTAP mRNA K9 £, /
RIBKET M gl Jeasss é
Fig.2 Down-regulation of WTAP mRNA expression in A549 Coumoll RIS, RaRIek
cells transfected with shtWTAP plasmids "P<0.05 vs Control group
3 shWTAP FRREER/E A549 4HF WTAP
2.3 ShWTAP /i 5 4% % )& M IR /&% AS549 4@ i WTAP BEANRIAKFTE
EOWELKRETA Fig.3 Down-regulation of WTAP protein expression in A549
WB % Il 45 1 ( 3) & o5, ShWTAP-1 41 . cells transfected with shWTAP plasmids
shWTAP-2 2 A549 il il WTAP & (4 1A /KF B B
T A B (=6.735.7.301, 38 P<0.05) . 4533% L5
i, SkWTAP- 1. shWTAP-2 Jii #7 % 4 J5 i i 9 A549 g
YIS T WTAP 2 FKF 9 R . | R .
24 B WTAP & BB AS49 2 9 578 ) P 1K 2. 7/ ==
BrdU 5256 25 5L (B 4) B 7, %of e 24 4 B 33 B £ 450 8 /
JU AN, sShWTAP- 1415 shWTAP-2 413458 (551 &5 0 /A
(AL (1=2.742.3.39, ¥ P<0.05). S55%M, F Comiogl - GIRFRERSE EhGEEARe
WTAPHER5 #0115t A 549 BP0 4B B /5 P<0.05 s Control group

4 B WTAP 5 AS49 FR0AYTIETE AE FIPEAR
Fig.4 Decreased proliferative capacity of A549 cells after

knocking down WTAP

2.5 EIKWTAP B A549 @ i 64 3F 4% f /1 54K,
RIR A A sz 06 45 5L (& 5) i, 72 h s shWTAP-

Control shWTAP-1 shWTAP-2

=] Control
SshWTAP-1
E shWTAP 2

100 [

50

Cell migration rate (%)

72

Time (t/h)
"P<0.05 vs Control group
5 BE{K WTAP J5 A549 ZHARRYE R 8 PR
Fig.5 Decreased migration ability of AS549 cells after knocking down WTAP
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2.6 ZAKWTAP G A549 s ity 13 & fe 7/ 61K
Transwell S246 45 5 (& 6) &7~ , shWTAP-1 205
shWTAP-2 2 1% 2% 21 ff 25 B {2 /b T X BB 24 (¢=8.165 .

Control shWTAP-1

RARON g

we
Fait

shWTA
AL Y e

P-2

R prn|

8.24,34 P<0.05) . 45 H KM, ik WTAP 2K J5 #1Hi]
i Jlt s AS49 AU 1R 22,

—
4
=
S

1000 [

*

[

Control shWTAP-1 shWTAP-2

B

500 |

N

Numbers of invasive cells

(=]

"P<0.05 vs Control group
El6 B WTAP /5 A549 4RARIRZHENFER (HER KRR, x100)
Fig.6 Decreased invasive ability of A549 cells after knocking down WTAP (Crystal violet staining, x100)

3 % it

3T A SR I F FUAIE B, WTAP & — Fh 80 £ 14
WTAP £ [ B} XU A% A8 7 40 0 e % A, 1o F G o fk
6q25-27, AL T SR A1) [F &Y, 5B N 7L E
AL T BN A% AL BE o, I H 2 T2 1 % D 1 5
M, WTAP 75 Ui 12 4H i 38 58 1T % L 12 28 55 5 T &
SR LA R S 1 B 1 AR R AR R R TRIE FAS
AR, CHENG 25VRE 57 2 BIL , 78 B 20 i g o
WTAP i R 5A P4 i L G Re /174 &, JF Hosiakil
WTAP [ 8 SR A A7 R EUIL, K Y] WTAP i@ 1) 2
&5 45 2 Pt JE A B 1 96 1 B 2 (cyclin dependent ki-
nase 2, CDK2) %% s W) 51 3 5 % s B3 0E 1, AT AE
B 41 B e R R P S0 A A . CHEN 25030 i 40 41
A SIEG I, WTAP 1E 155 1Dt g 2H 23 b (1) ik 7K . 3
I, WTAP & F R IAFA M B 5 R E ARG
52k R A7 AE W I8 7 57 (P<0.05) , 411 WTAP 7E B2 i
JERERETEEE/ER . B WL, WTAP £ [H
FE NI A b AT A R A AR R AR A, 9 HL S g &
HITGE A7 R VIR

HHE TR E WTAP 3 28 moA &1 s il —
E W AEV) RN, moA 51 /& mRNA b & & 1
FAAE , CLFE F AL R RS | 25 H AL TG A0 R Ak
WAlEAELFRZSY ., Xd, BEE B IO
METTL3/14.KIAA1429 1 WTAP %5 , = B 4F ] mlh &
flE b mRNA b JREFER & AE mOA A& 1M , M T 52 i Ji 8
IR AR E . IR WTAP 5 PR [m] 6 97 fili i
JeE: (TR AE B A1), ST 78 1) ) sShRNA B0 AR ¥y 2
T2 P ] R WTAP [ 88 40 50k, ) R FH 277 2
BROTURL , 88 1o 08 5 B B v oy ) G it i AS49 2
Jf, 45 30 52 I G 0 4 B Bk, 23 B AE 9 shWTAP- 1

shWTAP-2 FIxf B 4H . 7 Stidid qPCR A1 Wb S5 K
U WTAP 7£ mRNA FE K-S T — 2 DT ER 3K
N, 2R 5 B i BrdU S256 %I @ 4 5256 Transwell 12
28 SOG4y RS I T 4 P 3 A L E R IR ZERE ST AR
b, 45 B % B shWTAP 5 ZH 40 B 36 5 3T 8 V1R B Bk
7781 BAR T % B 2H (35 P<0.05) . dE it DA b Se i K
I, WA WTAP EE K m] DL il it B 9 A 549 200 Jfa (14) 2%
YEA W4T, AT N WTAP (1) D) BE T 78 S 4L 1 3t
[ SIS H AR o

25 b, 18 N RS AS549 2 i A #E ] Fi (X WTAP
BRI e TR 512 4868 138 T %, WTAP 7R
it g P R A R R FE PR AR T — B RS, {H B
FISZ R HLEE A R R R, X AR DL S ZIR N
PRI 43, 504 25 6 W PR I8 i 2 RDES R S By
W ilE B WTAP 2 (R 1R 7] 68 A2 Jili e va 97 1 — AN 8 19
HFF o

[& % 3 #]
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