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Overexpression of ATPase family AAA domain containing protein 3A induces

epithelial-to-mesenchymal transition of normal rat liver stem cells in vitro
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[ Abstract | Objective To investigate the effect of overexpression of ATPase family AAA domain
protein 3A (ATAD3A) on epithelial-to-mesenchymal transition ( EMT) , migration and invasion of rat liver
stem cells. Methods Cultured rat liver stem cell line ( WBF-344) was transfected with a lentivirus vector
carrying ATAD3A to construct a stable ATAD3A-overexpressing cell line. The morphological changes of the
transfected cells were observed microscopically, and the migration and invasion ability of the cells were
assessed using cell scratch and Transwell assays. The expression of the EMT markers and transcription factors
at the mRNA and protein levels was detected using RT-qPCR and Western blotting. The malignant
transformation of the transfected cells was evaluated by assessing their subcutaneous tumorigenic ability in nude
mice. Results Compared with the cells transfected with the blank lentiviral vector, the cells overexpressing
ATAD3A showed obvious morphological transformation from an oval to an elongated and spindle-shaped
morphology and exhibited significantly enhanced migration and invasion abilities. ATAD3A overexpression in
WBF-344 cells significantly decreased the expression of E-cadherin and increased the expression of N-cadherin
at both the mRNA and protein levels, causing also significant enhancement of ZEB1 and ZEB2 expression. In

the in vivo experiment, subcutaneous implantation of the transfected cells did not result in tumor formation in
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nude mice. Conclusion Overexpression of ATAD3A can induce EMT in normal rat liver stem cells.
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| Fz-[a] JFi %% 4k ( epithelial-to-mesenchymal tran-
sition , EMT) £ 988 - 4 it ( cancer stem cells, CSCs ) #f
NN 5 g B 0 3 AT O, SR EMT A1 CSCs Z [
KEAMAERE . L84 ENIMSCHR, 1E % 1205 (liver
normal stem cells, LNSCs ) & 45 1k 2 958 T 40 it ( liver
cancer stem cells, LCSCs ) ) B8 223 IR &2 — Y2 iR ik
TRFRATT A B I AT 98 2 4 ek 7 T Rl 2
LNSCs J2 2 %15 EMT, 5 #5738 1 LCSCs™

ATP Jiff Z %% AAA 25 4 38 25 11 ( ATPase family
AAA domain protein, ATAD3A) J&—FiZ 4wt 0% T 40 i
SRR 1, 95 S SRR Sl T 2 1 5T Bk L A i
PR RIR E A o AT RIS A B, HLAE i e
SR LR AR S 3K, O 5 IR PR iR 24 B 1
WU R R BT LR A LRI % & &
KAEF T AT, HTHFSE#E X ATAD3A 75 LNSCs
1 HCC o 14 927 Dy RE AR 15 LR o AR HTEAS 2
TRIERE . Ht, AT B RS ik ATAD3A JE[H
X R B LNSCs £ (WBF-344) & A= EMT i #2 1 I8 24
53 Hrid 323k ATAD3A JEEX WBF-344 2 ff 1 5%
s, LA 78 ATAD3A {2 i#f LNSCs % 4: EMT %%
FERIAHICAIL T . X SR A B Ty LCSCs 2 Y5 27 Ui 4
PERS SRR, R R 2 MR B TR 3 TR,
)y 4y LNSCs 1597 HCC $2fEHgtE .

1 #R57m*%

At
KRB B BE I 41 e——WBF-344 21 jitg #k I T
R AL 94 B AR Dy R A BR 2 7] 5 16 2R 1L i (FBS) #l
DMEM 5 85 1 52 2204 [ Gibeo 25 7] ; anti-ATAD3A i
& . anti-N-cadherin ${ {& | anti-E-cadherin 3¢ /& Il H
Abcam A7) ; 11 35 ATAD3A 189 #5051 ifg 7 L2
A S R Y& 8 5 s Lk 1, R
fiti-EDTA 1) B ALt &R K R R R 7] 5 SPF 0 RR B
W0 )1 3 A A W B 4 28 )5 RO s akn) & & RT-
qPCR 5 B K% AR A .
1.2 7%
12,1 IE® T Hn s B WBF-344 4 i 22
FhFE5 10% i 25 M3 1 i BERS 77 3 (£ 85 100x10° U/L
TR M 100 mg/LBERGR) b 5595 55128 37 °C 5%
CO, LHHANMIRE oAt . B 2~3 d JR47 1 AL, I
X B0 20 ML A T e 2 S
1.2.2 FOESYLAnfipkigtg s ¥ WBF-344 4
PAZY 2.5x10° R0 F 6 FLAR . 528000k 3 41 IEH
Xf i (normal ) 2 | 23 48 6] B (vector ) 21 Fl 3 &35 (over
expression-ATAD3A ,OE-ATAD3A) 4., 44 K=
6 fLik 70% ~80% I , ] 55 FR B th A M S 0,24
6.8.10 ng/mL FYEEMSEE R, BERE 1 d B4 1 B Rk,
HESERETR 2 A B i RS 1 R W AR ARy
1 ng/mL, Z B8 UL W] 45 D) f 3 W B2 19 & & 35k
ATAD3A JL[H 1805 5% Y A WBF-344 411 fifg, R b2t
FIRH ; [FIRPREA AT 3 3Kk ATAD3A JE IR Y B iR F%
A WBF-344 il i, Bl ks 28005 HEZH 5 1E 3 0] RREZH AN
HMIEFR, 1E vector 4 H1 OE-ATAD3A ZH%%; YL 48 h J5

1.1

x1 519F7
] L5119 ek
ATAD3A 5'-AGGAAGCGAGCAACTGAAAA-3’ 5'-CAAAGCAGACCATCTCGTCA-3'
E-cadherin 5'-TTGAGAATGAGGTCGGTGCC-3’ 5'-CAGAATGCCCTCGTTGGTCT-3'
N-cadherin 5'-GGGTCATCCCTCCGATCAAC-3’ 5'-ATGAAGATGCCCGTTGGAGG-3'
ZEB1 5'-TGCCCAAACTGCAAGAAACG-3' 5'-GGACTGCCTGGTGATGTTGA-3'
ZEB2 5'-CTCGCAGCACATGAATCACAG-3’ 5'-ATGCTCTGCAAGTAAGCCCG-3’
GAPDH 5'-AGTGCCAGCCTCGTCTCATA-3’ 5'-GACTGTGCCGTTGAACTTGC-3'
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WOy 2 — A0 s 3 SR AL AR, AR A0 R A T R A
) A AP AR E D 1 ng/mL (Y RERG 35 3%, 74 L2 0
VSR 3~4 Ji, ARG e Hh R v A 20 A IS R 400 e A e
T 10 em HARRAN M ES IR ML P 4k S5 K $5 5%, S 4
UGB R 3R A, HoAR AT Je S SR A5
1.2.3 difEEMEE AR g g, L
0. 25% FA IR AL AL ARG 37 , M58 RN BERE SR 24 12 h
J IO RS A 22 W U ( H AR JE ) WL 4 i T 2528
A O , MEAEECH 100 4%

1.2.4  SLN9OEE R PCRAIMPDEHA LS g
P39 S5 0940 i F TRIzol 12 32 B WBF-344 4 Jifd (%) &
RNA J5 K45 TaKaRa 23w S5z % 535 & i B 45 25 9%
4% cDNA, 4% 18 RT-qPCR 77 & U ] 45 45 B kAT
PCR Y1, i rh e A 51 4 by DU )1 R A ) 4 v\ &
o PHEZEAEH 95 CHUEYE | min, 95 CAEHE 10 s,
60 CiR K 10 s, 3} 347 40 MG, )5 65~95 C it
FTV6 M B A T B Py ek SR 2708 RIS
WBF-344 4l vh 251> B AR HE P 235K

1.2.5 Western blot &5 H ik REHWEE 2 4>
10 em BHARFEFR LA A0AE)S , 2 IR 28 B 3R B0t
F I 0y A WBF-344 Zi i BB, 25
ZIRZIE BCA & A I 170 60 0 B 5 % BT 42
B E A TN E , BUEESHEEA, A L
FEGE IR ST TR A Ja , TR PR K RS 1 15 ming HGE &
fFE Ak SDS-PAGE Ha Yk 73 85 , SR HI#E BRASCHs H bR
TR 2 PVDF [ A 5% 0 BRE 95k 3
M1 he ZJEMA BERHUALE 4 CHEE KT, 5
2 KA TBS PE, ST —HifE E R HE 1 h
J& R E T T, Z 5 RS R OGN ECL &,
%o WM Image Pro Plus 6. 0 B4 % 257 JK BE (1
BEER,

1.2.6 SRS a6 I 240 e 1 4% fig 1 6 LA
PR BREH 3 LA H A [v] S5 RS A 1Y) 40 L, 15 A 2
K2 70% ~80% J& , TEAL AU 0 5 284 [ 1) 3 2%
BEZ, ] 20 WL e Sk 9 L R 1] 7 A4~ fL b &l i [
FESEREIRAE , 1 PBS I Uk 2 T U A M U5 dh L85 5
FARRIC SR 0,24 148 .72 h 4 A= KORAS , B A B AL A
it s R AR A U R 2k | 45 B — LT Y
X5

1.2.7  Transwell SCEGHG M ANMIIZZE0E T K3 4
R AL S, WS N T I TE B9 DMEM 8% 55 i) 2%
1x10°/mL (40T . SEER AT AMRIE R 1 o/L (3%
JR R Transwell /N%S 28 5K R g AL IR HE AT 6048
TR NI A K 30 min J5, [4] 24 fLA Transwell

INE ) FJZ/ANEHOIA 200 WL 4R, FE/NEH
AT 10% 64 ML 1) DMEM (=i blks 723k, A4 50 5
HE 3R, EMMIEFRAE D SR 48 h J5, BUR /D
% 10% v B [ o A 28 4 28 OB /N 25 RN
LR A MR B, Z 05 FH 0. 19 25 & 58 5 0] /I 35 i
SMU G2, 30 min, PEE BTG BCT INE B, I #3E A
B R LS T U FEE AR
1.2.8  #EBEFBUE R IE LR T S
X ESCHA 20 i, R AR 1 6T Ak A S P G I3 5 7 R v
HEk, A AN ER (5% 107/mL) o BUS JAA A2 Ay
(1) SPF ZLAR R, 430 TR B A A PN 3 B2 R S 2
1l 2 O A0 R 200wl BER 1 d WSS A O
(USIAE
1.3 %t FEam

K HH SPSS13. 0 Geit i BHELA x+s R, AL
] FU R ST FEAS ¢ K55, 22 2 1) L AR T R R R
Ji 255701 o

2 R

2.1 mhMzit &k ATAD3A ik

127 Y 9 7 )5, RT-qPCR ke U 45 2R WooR, &5
normal 20l vector 4 L4, OE-ATAD3A 2 ATAD3A
R FE3R 0 B T 55 (P<0. 01, & 1A) ;3 137 Western blot
Unali 48 Eosry) S ARSI N=TQE I DI L5011y 7 $ii
1T Fr 5 5%, 31 CD133 47 T PEdric Ju £, 45 21
3 I 220 (B 1C) o
2.2 it &ik ATAD3A Bl SR AR E

15 A 22 W AU L ZR 45 SR & 3, normal 4 24 Jfd 5
GRIELR bR B mi AR K, vector Z1JE 455 normal 2 4
oL, OE-ATAD3A ZH A0 25 % A B i e A8, R Iy
b1 B BT [ 4 S50 R TE 1) (8] 5 40 i 0 28 FRAE 4% A5
/Rt ik ATAD3A J5 Al g fie fif WBF-344 4 jifl & A=
EMT §%7%
2.3 it &ik ATAD3A S 3% fin it &4t

MR SLK B, 5 vector ZH Al normal 21 s,
OE-ATAD3A 24 WBF-344 41 Jifg () i # 3 J& B & 34 i
(B 3) , ZRA5i#E X (P<0.05),
2.4 it kik ATAD3A 5 X% m il 248 h

Transwell /N2 52 16 W 52 18 78, OE-ATAD3A 20 1
YR 22T T B T vector 2l normal 21 (& 4),
ZEFRAGIE XL (P<0.01,&]5),
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A: PCR 33 mRNA A} & ik & ; B: Western blot 392 %& & /K -F 89 k& & (n=3, x+s); a: P<0.01,5 OE-ATAD3A Zi b4z
C: CDI33 AFie &4 R

E 1 WBF-344 ffafaEitzik ATAD3A EEMBIERE FHLE

v

norn_lal - ] vector - OE-ATAD3A

2 d5Rik ATAD3A FHMEMEFER



http : //aammt. tmmu. edu. cn =R R ,2019,41(24) 2421

vector OE-ATAD3A




2422 B =FPRRAR,2019,41(24)

http : //aammt. tmmu. edu. cn

200 -
150 4 A A
A
= 100 4 ™
=
A
50 a A
[} ﬁ
0 B s
normal vector OE-ATAD3A
2051
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oy 15 7
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ﬂﬁ

E 1.0

<

z

=
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£ 051 a
E a
S od
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FEHRF RGO 45 R ER, 5 vector 4] Fl normal 4] tb
B, 0E-ATAD3A 2 | fZFRaEH) E-cadherin 23k & W] i
FEAR (& 6A) 17 ] BihR 54 N-cadherin [ 55 2 B I
FHimi (& 6B) ; Western blot £ il 2 171 22 34 17 0 5 J&
PRIFRIE—3 (B 6C.D) . ZRIAF#E X (P<0.05),
PR 3 238 ATAD3A W DL i WBF-344 4 jifg A& 4=
EMT [ FHIEREAE
2.6 EMTARX#FH FRAAERE

&It 5 EMT b5 & 9 40 3¢ 1) 5% % [+ ZEBL #11
ZEB2 75| 4y, i if PCR Ay i) L KL PN 3% 3k 1 O,
Western blot 75l Ho 25 (1 Rk Z b, 4R ERE
vector ZH Fll normal 2 |5, OE-ATAD3A 2 - F2hp &
E-cadherin F1 1] Jii #5259 N-cadhein ¥ 5% 46 ¢ ZEB1/
ZEB2 LR FA B 5 (P<0. 01, B 7A B) , HiR
MR 2B E LB (P<0.01, B 7C.D),

g 2.0 7

)
i 1.5 4

1.0 4

0.5

N-cadherin mRNA FHX}#

0 -
normal  vector OE-ATAD3A
2151 B
normal  vector OE-ATAD3A
N-cadherin—> = E_—_— <25 x 10’

GAPDH— /i —— <36 x 10’ D

a:P<0.01,b:P<0.05,5 OE-ATAD3A a4 ; A.PCR %&4E E-cadherin 5 mRNA #8 5+ % ik % ; B:PCR 34E N-cadherin 4§ mRNA
A%} £ ik % ;C: Western blot # E-cadherin & & 89 £ 3% ;D : Western blot #] N-cadherin & & 49 £ ik

6 1 EMT 18X REFRIZHER

0.51

AEBI mRNA AXT £k

normal vector OE-ATAD3A
2151 A

normal vector OE-ATAD3A

ZEB1— s sm— s 33 10’

GAPDH— w—— wm—— w— —30x 10’ C

(n=6, x+s)
251
i
fé 201
;; 151
=
E 104
=
2 54
=
< a a
0_

normal vector OE-ATAD3A
215 B

normal  vector OE-ATAD3A
AEB2 — s i - (36 x 10°

GAPDH— = e amm <36x10°

a:P<0.01,%5 OE-ATAD3A #a3t4%; A: PCR 4 m| ZEB1 #9 2 B & 3% ;B PCR #M| ZEB2 4 2k B & iA ; C; Western blot 4| ZEB1

B Gt £k ;D Western blot 4] ZEB2 A5 £ & G 64 £

E7 EMTHXHEREFHRMER (n=6, xzs)
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2.7 BEKT G EEER

B 45 A 20 B AR U T DA SR 3 8], R BB
ELHN R e T il $27R 1d 2235 ATAD3A J5 fgf fiff
WBF-344 Zi g & 4= EMT, {i¢ iF {7 28 FlE 55 Ak S 3 o,
R T 0 M R B S AN A2 Aol 200 it e il o
i .
3 i

JRU& M HCC J2 3k 8 UL A B v =2 — LR B
W, I TROR 2%, R 1P 5 AR fE RN 15% ", 5
A BB FHZWR &, BRI S H AT A A AR
SHRE R AR A RN i . R R 1 B ARJE H AT I
iz 4 i S s m i b 5 3 i e
% Bl — e HA 4 T, 1 miRNA-7 RS 2 Hi HCC
BERRAETBUS " . K, 5 A 5 TR
Xof R & B HCC DA KR B8 8 IR Y7 4 B

IAF K & B ATAD3A J& Dy fig 2 4 1) T 40 i 4 kL
IR B R 1) — B3, LR ST AAAT Bk 7 1)
NEFAERY ML IR L B AR, U
R T2 L SR SR AN RS, ATAD3A X
YA R B AR R A i B A 7 2%, 2 SRR
W BABRSTIGE R R i T S0
Sk SER iR ATAD3A 2B S5 ik, L HOR e
SRR EOU T, 558 0 kA EE B R G AR R
AR RS AR K RS Ay R R R B 2
FRBUESE  H & ATAD3A 767 kA R R I HLE,
JEHIEXT T 20 A 52 T3 SR AN WS A . R, AR5
B 7E R 1T i # ik ATAD3A 3 F X K Bl LNSCs &
(WBF-344) /= EMT i B2 (R, dE—2 50 Mk
Fik ATAD3A FEHX] WBF-344 41 0 54 Ak il 52
g5 /R ATAD3A (1)1 3635 5 K BUF T 40 M 1 12 28
R AT VI 5, ST HRLH g, 1 %35 ATAD3A
J& WBF-344 4T84 A= B 5 AR, e A o B R
] K 25 T2 FIARTE 149 (1] J5 40 JfL T A R AIE 4% 48, WBF-344
Y R AR 2R AR A BE 0 A5 21 B S A 3G 5, $2 R T RE R
A EMT 345 E— 58 BoR , i 323K ATAD3A )5,
5 EMT MHCH L R b5 4 E-cadherin 3% 35 4 B g B
I, i) FibR 4 N-cadherin 35 5 W BH & 75, GESKC
TRATEY WA HE, FH KK IEYS E-cadherin Fl
N-cadherin ¥ sEAH 209 F % A 1 ZEB1 f1 ZEB2
FIZeak , AT B T A A i Rk B 25 R . Pt &
3% ATAD3A f8i5S WBF-344 Z4Huf’) EMT k4 KR,
HAT e 5 E-cadherin 1 N-cadherin 1% b i 5% 5% R
K,

FEFEZN AP ATAD3A [0 43k 15 g A= < Fn

BB IAHE T ATAD3A (98738 Fk 2k 15 % & F 4
Bhg A e L SE A AT R SCRR BL A, UE S AE
LNSCs Hid ik ATAD3A fgif5F EMT 19 k4, e ik
LNSCs {1272 F15685 . ATAD3A (153 75 1k BE R4 I 40
JLA AR, 45 S0 et 28 [ A5 IR 297 1
JHCEHTT IR BB 38 438 2 P ] [ R R AR R
SEP L B B IER LRSS ATAD3A 7E 45 i 4k
FARZIREH 53 F AL, f2 45 mTOR-ATAD3A Tjfig
T ATAD3A-FATL 1 B fF 7. % 26 % B 32 +%
ATAD3A 75 e A R e i S E o VR AT TE
EUEIE I, ATAD3A 3 T IF B P sy ki R
e . ABFITEFEM, 1 Fik ATAD3A J5HERE 3 KR
LNSCs &/ EMT 3450 40 i i 1R 2 AT e fi. (H
HEARI > FOLH, BT 2 — 0 5E 0re BZ,
ATAD3A ] g —Fo i A 167 Ao

SE 3k
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