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[# ZE B TFIT LK FI DNA #5145 450 (growth arrest and DNA damage 45 alpha, Gadd45a ) 3 X% 3% 41 il HTRS/SV-
neo YA YT TERS AR ZE 4 AL WA DI RE R RE ), ¥R 1) HAE AT (preeclampsia, PE) & 2B & e R T REVER . 73k A2
Gadd45a i &I T4 RNA, DAFIHEXT IR S 8 54 0 A% 37 400 HTR8/SVneo, B 434 S04 (si-Gadd4So ) FB M X HRZH
(si-NC)FEAFSZ5 5 137 P AN ARG I L5  IEE ] qRT-PCR F1 Western blot #4454 AN T Gadd45a mRNA il
TR KK SR FH Y B A G s (methyl thiazolyl tetrazolium, MTT) i 0346 0 5 Y i 4% 2 20 I B 38 6 1 5 I FH 3 2 4 A
Yo i Y e A AN AN MRS T AR T 43T s SR T Transwell VARG e J5 45 L AN ML 3T 78 AR 266 11 3 R R 20 BB AR (A5 SR A5
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BRI, SR ARSI YR AN 90% ; 1 Y LI 41 45t HR 4 Gadd45a mRNA BRI AIREMIL 80% , 8 ARk
LR 70% , 225G G778 L(P<0.01)  IEWA T Gadd45a 235 M2, MTT 1R = 20 M ASORG 0 40 R B FE AN i 7, 45
RS 6T REZH 20 BB A T TG 525 5 (P >0.05) , Transwell S236 A 1T Gadd45a 5 HTR8/SVneo 122268 11 W
I, 2 R 1.65 7% AL RE Syt B A AN, 2 X RLA Y 2 6%, YA e T 255 (P<0.01) , T2 BAMEIRRS 3745 1
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(P=0.005), Bl SC o045 3 R T4 Gadd45a J5 28 54 Jm 85 1 -2 (matrix metalloproteinases , MMP-2)F1 MMP-9 175 1434
5%, 1] Western blot Al & SUHAN 1 7 TIMP-1 F1 TIMP-2 A1 Hs T R#(P<0.01) , £5i8 0 Gadd45a W] BE 1M i W45 1 1 il
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Effects of Gadd45« on cell migration and invasion in the human trophoblast
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[ Abstract]Objective ; To investigate the effects of growth arrest and DNA damage 45 alpha(Gadd45a) gene on proliferation, apopto—
sis, migration and invasion of HTR8/SVneo cells and the role of Gadd45a in the pathogenesis of preeclampsia. Methods : The role of
Gadd45a in HTR8/SVneo cells was examined by RNA interference technology using Gadd45a specific short hairpin RNA (siRNA).
The experiment was composed of two groups:si—-Gadd45a group and si—negative control group(si—-NC group). mRNA and protein ex—
pression of Gadd45a was identified by qRT-PCR and Western blot respectively. Changes of cell proliferation, apoptosis,, migration and
invasion were respectively detected by methyl thiazolyl tetrazolium (MTT),flow cytometry, transwell migration and Matrigel invasion
assay. Placental villious explants culture model was employed to further verify the effect of Gadd45a on outgrowth and migration of

extravillous trophoblast cells. Gelatin zymography was used to detect the expression of matrix metalloproteinase(MMP)-2/9 in culture

medium. Western blot was used to detect the expressions of tissue inhibitors of MMPs(TIMP)-1 and TIMP-2. Results: (1)The trans—

fection efficiency was about 90%. The mRNA and protein levels
of Gadd45a in si—Gadd45a group were reduced by 80% and
70% respectively,with significant differences(P<0.01). (2)The
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significantly promoted invasion(1.65 folds) and migration(2 folds) potentials of HTR8/SVneo cells (P<0.01). (4)Gadd45a silencing

significantly promoted outgrowth of villous explants in vitro(P=0.005). (5)Gadd45a regulated migration and invasion through control—
ling gelatinolytic activities of MMP-9, MMP-2(P<0.05) and the expressions of TIMP-1 and TIMP-2(P<0.01). Conclusion : Gadd45«

is probably involved in the onset of preeclampsia by regulating invasion and migration of trophoblast through controlling the activities

of MMPs and the expressions of TIMPs.
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TR AT (preeclampsia, PE ) /& —Ff A &y IliLE |
HE PR BRRIE A ST IR IR A BB | AR 8K
5, — AR TR E A P A A ) LSE T M T R
i Y — > E B =AM ICARART T, BT,
ZHRCFE N R FTAML R 22 B | 6 BB TR
WELE 3 ik B 5% 5 S PE R G 3 R R I PR
R T B 3 e g ELAAIL R A T A A8 S
IBIT PE, A BHTE AT DNA #1473 450 (growth arrest
and DNA damage 45 alpha,Gadd45a) 7E 94 4 i Ji5]
W1 &5 DNA i %3 4 {5 5 KA il b ogg i) iz
MR ks EEAER] . AR R . 5
IEH XU, 78 PE B R80T Gadd45a
) mRNA S R ORI i, H E2E N T
W )2 240 B L B B A b X R W] Gadd45ac A]
RE PR 45 0% I AN L0 AR W 2 D Re , M2 5 PE 19 &
AR AHH AP BIALEIANT . AR5 R A RNA
. (RNA interference, RNAD) AR iF— 058 Hp
ATRERIALEN, 24 PE $2AEHT TG T HE SURELS AR A0 |
R AR Bkl P YD SR T AR AR AR

1 #R5FZE

1.1 ##

L1 400 i B3R HTR8/SVneo 41 #k thm 5 Kk
Graham 284 | I 10% 64 75 19 RIPM 1640 55775
T 37 °C . 5%CO, AMLIEFRAR TR G TR, 2 d TEIRIG IR,
R4 IIE SR A F 80%~90% I FH B ALZ 1L, Gaddd5a
THRANGI T B 12 5 5 AR L I 25 B AR A BR A
T IR SCHR[6) 3 BEAY Gadd45asiRNA A RLHLIF 41 .5° ~AA-
CGTCGACCCCGATAACGTG-3" Ky 7t

112 EZRF 4R 05 A RIPM1640 153 20 5 92 [H
Gibco 23 Al 3 s RNA BT & TRIzol 1 H Invitrogen N
PCR I 519138 /1 1A= T A= 49 T F2 2N F14 A ; PrimeScript
Wik SELHI M [ H A TaKaRa 23 W) ; 8 IR 68 BER
HC R G ECL Ak &R & A VTR 38 = RAEYHE
ARG 5 7N R IE T 4 I & 1 Bl S5 P 40 i L (tissue

inhibitors of MMPs, TIMP)~1/2 Hi A\ B-actin H. 7 BRI
H 25 [F Santa Cruz Al ST Gaddd5a £ v BEPTIA A Tran—
swell /INZE (JEFLAE 8 wm) A EE Millipore 28 & 7% i ; Matrigel
FEFREN F £ E BD A F] s HRP ARE A P9/ 16 1 A
RSN ARG IR U A A (methyl
thiazolyl tetrazolium , MTT )4 . — F JE A (dimethyl sulfoxide,
DMSO) W B LA T A=W TR 4 R A B/ 7l ; Annexin 'V
FITC/PL 20 M T4 alR) &0 A me gL A R R SR
PR

1.2 Jrik

121 12N RE e 55000434 HTRS/SVneo 4B T 7
10% G4 1ML35 1Y RIPM1640 15 3% 585 05 3% | A A= 2%
BAAIART T 0.125%IRBRHE AL, 3% 1 x 10° /LAY % BE 3 Rh
& 6 FLR TR A S IRAE PR 24 b, FRATI 15 5150%
~TO% AN BERTURLIES T4 Yo (hie BB s B4RV E T, LA
T ST 4 v A GO e 1Y R S B 50 EATRE Y ),
24 h JE R SRR SR IR SR . B 48 .72 h Bk
AR TSR R AR AR RO, AR 2 4.
S (si-Gadd45a) 554 Gadd45asiRNA KR ZH (si-NC)#%
4t negative control siRNA

1.2.2  qRT-PCR #H A HTR8/SVneo 4L Gadd45a %
A mRNA (9335 Trizol FI R HUAS 2 4N AL AL RNA 2
UL B BRI B kAT, RNA $25US F 0.019%5UCHER — 2
BE K VAR 30 55 5 RNA JE1F PCR OB, PCR RS 41y
A TAEY) TR ARAT IRA R A L, GadddS5a FIi#S14)
$:5"~CCGAAAGGATGGATAAGG=3" , 314 .5 ~CAG-
CAGGCACAACACC-3" ¥4 i B K2y 139 bp,, LA GAPDH
R KNS 1.5 -CTTTGGTATCGTGGAAGGACTC-3",
7.5’ ~-GTAGAGGCAGGGATGATGTTCT-3" , 44 F- BLK JiF
9132 bp, SRS .94 CHUZEYE 3 min;94 CAEPE 20 s,
58 CiR Kk 20 5,72 CHEAH 30 s, 3k 35 PMEI,

123  Western blot ¥ ] HTR8/SVneo Zll il # Gadd45a il
TIMP-1/2 R AFRIA 43 B FR IS 2H 40 B B 2 1, DU 2
HH R, BB H LR 80 g, MR THLVK AN BERR Tt
F P E SR HUEE 1 h, 55 ECL Ak &G H
BRE, —PHRE GadddSa Bkl 1:800 FikE B-actin HLA
7 1:2 000 FHE TIMP-1 F1 2 Hi/4H 1:500 FiFe, ChemiDoc
XRS b2 KOG UG F 5o I & 1 ST B3 454, I Quantity
One UG BT AEEA T 53907 .
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1.2.4  MTT He kil e 5 s Jm i i 35 ae 11 A0 iass g
A 1 d 7E 96 FLARATLL 1 x 10° 4 4 14 4% BE Sl b, 7 2 e iy
UM G BE A 3 50% 40 M43 i) 5% Y Gadd45a siRNA &Y
negative control siRNA, AREE 3% 44 h, IR, BFLINA
100 wl MTT 5], 4425535 4 b, A 100 ! DMSO .5, 7E
P 570 nm T, FEGEFRAY (Beckman DUS30) I <& 4 FL 146
W,

12,5 FaRANA ORI An i ga T3 TR A S A
YIH , 4% Annexin V FITC/PT i3] & Ul W1 5805 ; it =N s 4L
M1 Annexin V+/PI- Annexin V+/ PI+?EEIE@E/‘JE5'}$, R ELHA
JHT- 20 S I R T AN i R T

1.2.6  Transwell SZ56 52 410 fifd 4= 28 FIIT RS R B R
SEHF 50l Matrigel (1:9 #78) FEFTRNT Transwell /N A6
FUBEHEATAI S , LS , B2 A 200 wl 40 £ (G I 3%
REFRELRRE, AMECH 1 x 1054, FEHA 600 wl & 10%
A LA OSSR, BRI 24 h G, BRSNS 1 4 40
JiLFH PR BERE 42 10 min, PBS Vi, 45 S 2y (o, i RS S50 0 9R
54Nz 28 L S A ], 220 7EF Transwell /NZE (IR 1
AT . 7E S N BENLIE 5 N IET TRl
HR AN AL, TR

127 WG EIMIREE SR KRR B (6~9 2R I IE
OB H O A R ERLR 22 5 — I e a7 R 4
AT EARAS ) 7F Matrigel 12 15555, RGBS E 1
Matrigel 1222 J5 , /NG N IAAS & BR LA TC IS 35 57 2, AR U
YRR 2 B 500 nmol/L ) Gadd45a 3 A BEFI A
PEXT TR B OARE FRAR R 3%, B RS IR, B S 8
IR T AT A% B NG S 4 A 19 06 A i 1 S0 A M LB FE
A

1.2.8 5 Tk 3% 75 0 325 5 42 8 4K (4 1 (matrix metallopro—
teinase, MMP)—2/9 AU7EYE  UWAE AN 3% s W, % g
VR PR L R — B ARKUREEAT B RE LUK | BRI
i BE B S E, BoR H MMP-2(72 kD) Fil MMP-9
(92 kD), FHEEIE EUS W 2R G o BT e A% T AR, B B A
FEAH , 143 M B4 6% 2 {H (integral optical density,10D)
Giitortr, L LSt EA 3K,

13 %itsam

FIA Bt R SPSS 19.0 2K PFEEA TS0 4T , - Wk

FHEPEL + bREZE (x £ ) FOR SRV REAS ¢ K56 5308 , Ko e
K @=0.05,

2.1 Gaddd45a Tk & o4 % % B F #H 5 - HTR8/SVneo 1
Ja P Gadd45amRNA BB & £ ik 49 %h

P2 R f 2 R G LR HTR8/SVneo 415 48 h, 94
BT N A A KRS R, T DL gk meo , RN A
BRI (E 1A B), 18R EE N 1 x 10° TU/ml; b B

B (multiplicity of infection, MOI) & 50 84 72 h 5 G A ik
(1€, D) 5 W2 AR R L 3 36 2 2k 90% ., qRT-PCR
K% Yo J5 Gadd45amRNA K455 /R | 925641 (0.200 +
0.065) 8% FE2H Gadd45amRNA (26355 (1.000 +0.100) 2
FAIG 80% , 22 R A Giit2438 X (1=11.582,P=0.000) (€ 2), &
FEPIE A Gadd45a 85 I RIBEGE AR BIR , 200 Gadd45a
T I8 (0.353 = 0.042) H6F BEZH (1.000 + 0.050) £ R#AIK
70% , 225G G 2F R L (1=17.215,P=0.000) (& 3),

/
D

C

JesEit (42) FOLRMBIIE T (£7)

B 1 HTR8/SVneo MfI¥E 18w 48 h( A&B ) #1172 h( C&D)
HERKAXBHETER (200% )
Fig.1 Images of HTR8/SVneo cells at 48 h( A&B ) and 72 h
( C&D ) after the transfection with lentivirus under light and

fluorescence microscope ( 200 x )
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Fig.2 Relative expression of Gadd45a mRNA in HTR8/SVneo

cells between two groups
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B3 FAMEEERNELT 2 A4H Gadd45a BHHIRIE
Fig.3 Expression of Gadd45 protein in two groups identified
by Western blot
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2.2 Fi Gadd45a j& % HTR8/SVneo 4 e 74 42 8 T #) %

SR MITT B €6 325 A 0 240 346 4, R D 0 =X 4 o S 0
AT, 45 B4R Gadd4So FE K TP X 20 it 384 4 (ot e 21
1.012 +0.036, 5256 2H 1.051 + 0.038,¢=—1.314,P=0.259) F1
T2 (ATHRZH 3.297 +0.758, 5255 2 3.460 + 1.303,¢=-0.188, P=
0.860) ¥ T 52 mm (1] 4 A&l 5)

1.5 P=0.259
1

g
S 1.01
=
o
205
=
g

0.04

si-NC si-Gadd45a

4 MTT Bt NEERE & HMMIBHEE N TN
Fig.4 Changes of proliferation potential identified by MTT
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2] 2]
- S =
A~ = o=
S =y
g 4K 214
10 100 10> 10 10* 10 100 10> 10 10*
Annexin-V Annexin-V
64
P=0.860
S 4 |
H
=
g 2
g
0. .
si-NC si-Gadd45a

B 5 BRI TELESEHNMAMATERL
Fig.5 Analysis of apoptotic rates by flow cytometry

2.3 T Gadd45a 49 & A& 7T A4 3 HTR8/SVneo 48 it 6413
%A it #%

Transwell 1% 28 52 56 25 W 8 7R T Gadd45a 5 HTRS/
SVneo {22288 77 B 1IN, 29 052X BRZL Y 1.65 £ (4 IR 41
1.000 + 0.079, SEH2H 1.659 + 0.087,t=—12.564, P=0.000) , 2%
SAGIHFE L (F 6), TRLHEER LR, T Gaddd5a
J& HTR8/SVneo IERRE T3 INZ 1 A% i HEZH 1.000 = 0.036,
SIYSZH 1.928 +0.042,1=—-37.561,P=0.000) , 25 T A Gi it %
P&

24  Gadd45asiRNA 72 SR 32 75 b AR 3 2% £ 91 i 7R 2 2
feLel i A

1624 h B 4B ETE Matrigel [, 47— WA E A4
5 5E 72 h 5 BT T A T A R R - S R 2 Y
45T (4 680 +634) wm AL, Gaddd5a T4 Beab BEE 24 T
HNUEFF NS PEIE RS U TE 2 (8 888 + 1104) wm W SIE N,
ERH G X (1=-5.723,P=0.005) (& 7).,

i
Z
(@}

INfifZ78(%CON)

si—-NC si—Gadd45a
A. Matrigel S iy

(s " 5
etz g,

T3 o
dixy @ 03
R

YAIFER (%CON)

si-NC si-Gadd45a

B. Transwell TFF5 5256

6 T Gadd45 o HIFRIAT MR A EINEFHIEEFTR
Fig.6 Knockdown of Gadd45 o promotes the migration and
invasion of extravillous trophoblast cells

sh-NC sh—-Gadd45a

B 15 000
P=0.005

5 000

HMEMETREREES (um)

sh-NC sh-Gadd45a
B 7 BHRGEEIMEFRENBRHEEINEFTHINE TR
Fig.7 Observation of outgrowth and migration of extravillous
trophoblast cells in placental villous explants model
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2.5 Tk Gadd45a 09 F ik 4%k MMP-9/2 49 & 1 % TIMP-
1/TIMP-2 #) % i&

AT YE GadddSa 7R 1% 77 2 AN ML AR 28 250 #2 v 6T MMPs
DU R EATTAGHM ] 5 TIMP-1 A1 TIMP-2 A58 , >R FH B I it
e A R A A0 B 4 1) MMP=2 T MMP-9 115 4
SREER B R T Gadd45a f§ MMP-2(XJHEZH 1.000 +0.155,
G 2.950 + 0.858,1=—3.873, P=0.018) Fll MMP-9 ( %} HEZH
1.000 + 0.099, S50 2H 2.525 + 0.446 ,1=-5.785, P=0.004) [ 7§
Pda5E (] 8), 1M Western blot £l % B8 LM 1 [ F TIMP-1
(X} BEE 0.653 £ 0.026, XG4 0.312 + 0.027,1=15.506 , P=
0.000) 1 TIMP-2 (X} #RZH 0.782 + 0.034, SZ565:4H 0.218 = 0.020,
1=24.572, P=0.000) 1) 335 S AH R HU A (1 9)

-pro—-MMP9
-MMP9
-MMP2
P=0.018
4 ! N
P=0.004 - i-NC
—~ — si-Gadd45a
g’ T
Q
g2
=
|
ES
MMP-9 MMP-2

B 8 BAREEILREHRESITER
Fig.8 Results of gelatin zymography

1.01 M si-NC
H P<0.01 e
% 0.84 0 si-Gadd45a
®
TIMP-2 e 2 0.6
m
=
P ]
TIMP-1  — = 0.4 .
Hﬁ 0.2 -
B-actin  — — E EI
= 0.0

TIMP-2 TIMP-1

Bl 9 Western blot #ill TIMPs By#EX5RiA &
Fig.9 Relative protein expression of TIMPs by Western blot

3 3 8

TENRILYRIE R | 57 2 A M B AT 5 05
R R ALIZ 13 B2 AR 28 e i B TE B SRR Y, 3
MRZELREZ ZFh o1 BT, b B IR S ]
AE2 T PE i I K Z IR EAEA G2
PR YR LA K AT ARZ 5T A B PE B 20
U7 A 97 200 M R 22 1 7 AP R e 3 ik 2 #5

[E15  Gadd45a 52 1988 4 Fornace Z-75 284k
HE Bt 0 P i 7 PO Ak B v T R B A i |
DNA B 4545 J5 A BRI, 72 5 R nT D7 58 48 ]
S AR LT L S5 A () P 58 A 47 R 2 1
VEIR 235 1R, ZEJR 3 4n p R 30 T e (5 5
AL R EEAE . AR I 5
BRBFSE R Gadd4Sac m] LA i iy 40 i 1 3 7%
FIR 280 I 7 00 55 240 B 5 e 240 B P A ) 2
PESE W AR, i b R A 58 & B Gadd45a 7
PE G #4180 SR 2 s ik, 2 T o7
240 M ) B R A v I P 1 200 2 i [
200 e A AN PT DL /0 B B e 9 4 Gadd45a AT
REZ SR 2 AN AE Y 2A AT R I N2 5 PE
(00, EHTE N AR i TCAHOCHGE

AHFFEFI FH HTR8/SVneo ZH MU X — & I T
NZRIE 5 R 22 W G 35 1 908 A2 57 40 M 3R 147 A
KL T, A HL T B8 AN S R AR $230r F 4
PEFEAN N B N R BT IRZHAE S 2 IR B
T N Gadd45a FERFRE R E X, R a4k
BAEA T siRNA (si—Gadd450 FT si-NC) 5L A
HTR8/SVneo 4], & M Gadd45a T H BEAE mR-
NA FIEE A KT LI REAR SEAE Gadd45a 3Rk
HET{d FH Transwell 3% 5256 Fl Matrigel 1% 28 5256
5T SR B IE 1T 2R Gadd45ac X7 HTR8/SVneo 41 ifd A=
YreE i Re 2, & BT 4R Gadd45a 1R85,
HTR8/SVneo 4 Jifl (1) iF 3% A= 22 58 77 34 W1 b 35 1
7 3 AR A 4 B A A% FLR 22 I BR 1 T AN 2 R R T
PR B Hg s T 240 M 34 5 e ) sk BRAR T A0 R T
AE NG, APE—EIRIE Gadd45a XL IR AT
RERIREVER U T R 2 9 B M IR B SR A |
PAMEIATERE BT E4E I, 9B R JE Ao
SWERINEFEHM, IF M IMERE 72 h 5 si-Gadd45a
21 9B A1 77 A0 L A A X S B A B v o AR A
BRI, PRIEHE— 2 SE T GadddSa 0 90 M2
FRA AR FIR 22 ThRE , NI 2 5 PE W& E K
Ji& I 2P AL R AT A We 7 2 i A B R
AR 9% BN VL 43 A I T MMPs 1199 4 &
HAMHI A TIMPs 19235, A Gadd45a 7] HE A iH
b ) s R T i 1 ) T ke T 4
SRR R ZRRE I . FERRIG & R
T WG FR) H RLGT - E P AT SR T 1 R e A
IR H PR S R — | XA R R KA
MMPs FIHAE SN G F TIMPs Z [8]JE % sh 25
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i, BCRE RN I IEAG A IR, SOnT k6 % 77 41 i i)
WRERFE, 4 B Z AR, T e 2> i
R PR ARG &, TEIRFIR AR Z B, 5
2% I IR S B 2 MMP-2 T MMP-9 75 3% 77 40 i 4=
R IG A IR AR rh R R A R, LT T Bk
AF I P4 4 S5 P 41 4 DXL 7 TIMP—2 A1 TIMP—1 #1161
(A 24 A BF 5% o MMP -2 1 MMP-9 3 ¥ T % |
TIMP-2 Fl TIMP-1 k3 &0t SR 4078 Flfz
ZEHE IBRAG, DT 23 IR B0 45 IR, 146177 52U PE
R,

25 L iR, Gadd45a 5 [H AT BE TR 445 2% 77 41 i
AR AR 28 RE T e 8] T — & ITERT . Gadd45a
FE DR R K T B 346 e T L 39 5 40 O S R AR 28
g1 T B, DTS BROIR i B Dk 6 R, E IS
PE By &4 . IEAER RNAI & FEPRAYTFIIBF e # 8
AW T Gaddd5a T-HENGHEEMA, & 7]
DI R ITER B AN SR AN Gadd4Sa (13 A
Feik , MM 4R 5 HTRS/SVneo 2 ifd Y 1T 5% Fll 1= 22 fiE
77, FEBRYHOR DTERSCRI L &, IR R I
2R, R PE B3RP REAE TR S A5, R
FERHRL A4 TCRE R SEPNAT AE Y R T
S JaE IR AR IZ 8 A
SUGE PE ShBALIG ARE R , A EEPIAYY PE 42
HEE—20 BRI

& % x #
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