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WE. WRETMA ADAMIS £ 4% RXE 9 (324 thddADAM15) F 7 HeLa % A& & 4k 1 91
WIGIAR ER AR SR T AR e K@ A AT AR MLk R K s AR SRB &
B X B ik M 4% thddADAM15 - HeLa 4k 21 84 38 38 B it 4% 39 A 9 B 89 49 ) 4E B 1Cs 2 51 A 2.44 |
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Z R A W BT 2 4 ok £ Hela %9 10 M it & 3% thddADAMIS, 8 4% Hela 20 i 84 i # 46 /1 T 15, 4m
BB Rk BL S A AR, FAMF R 4 A 5% ;SRB ik & ¥ MAPK i % ¥ 3 %] EGF 7T 2L i 4
thddADAM 49 #) HeLa %8 .38 55 64 2k 5 ;A A 58 2 & I 5 £ M AR A | 9 227% 3] thddADAM15 =} 52
I & 4k Hela ta it & K R 45453 A A Z 6949 #I4E A . 2L E25R & 9 thddADAMI15 =T 47 %)
HeLa %8 iotk R 9164 3% 75 B i #5 | X AR 4] 1E A 5 MAPK 13 5 3@ 3% 58 by Aa % | V8 B 3o & 72 40 fe 5
B m WA A

KR ADAMIS; 54 F ;35 £ B ;MAPK; 2 5 &

FEDES Q71 X#EREDL:A XEHRS:1673—1689(2014)11—1142—06

Recombinant Human Disintegrin Domain of ADAMI1S Inhibits the
Proliferation and Migration of HeLa Cells

HOU Ying, CHU Min, CAI Yanfei, DU Fangfang, WANG Xiaomin, CHEN Yun, JIN Jian"
(School of Pharmaceutical Science, Jiangnan University , Wuxi 214122, China )

Abstract: The anti —proliferation and anti —migration activities of recombinant human disintegrin
domain of ADAM15 (rhddADAM15) were evaluated in vitro and in vivo and the related pathway
was determined in this study. rhddADAM15 inhibited the proliferation and migration of human
cervical cancer Hela cells with the 1Cs of 2.44 and 1.60 wmol/L respectively evaluated by SRB
assay and wound healing assay. Over—expression of disintegrin domain of ADAM15 in Hela cells

by transient transfection induced the migration inhibition and partial S phase arrest. In addition, the
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inhibition effect of proliferation of Hela cells aroused by thddADAM15 was reversed by EGF,which
is the agonist of MAPK signal pathways. Moreover,rhddADAM1S5 inhibited the growth and
metlastasis of Hela cells xenograft in zebrafish. All the results showed that ThddADAM1S5 inhibited
the proliferation and migration of HelLa cells by MAPK signal pathway and the target may exist both

on the cell surface and in the cytoplasm.

Keywords: ADAM15, disintegrin, proliferation , migration , MAPK , zebrafish

BERLBEAMERKEENR (a disintegrin and
metalloproteinase , ADAM), o # FK & MDC
(Metalloproteinase/Disintegrin/Cysteine-rich ) , & —2&
Bl T A L TR A B I 1 AR, A 1990 4Rk
W — D FER I LK P, 24 k3 23 Fh
ADAM FJEHE HAE TS P R B ADAM Kk
HEHZHEAKE . AR5 FI40 R 5 5B
20 it D R T i A LR R RS R BN B A S R
FEAYINREY, TEM AT ADAM KK E A IS
55T SR AE F MR B A MR e . ADAM ZE i 2 A
T, ADAMIS # & 355 22 B e 14 A= FLK Jig 8 1
ARG, 18 22 Fh S AR A= If T 5 i 9 | T 21 i
JiE 45 ADAMIS YRR #R 2 BRI S8, T
ADAMIS (LB G XXM T AR S RE G 0L A
RGD (arginine—glycine—asparti , }i 2 2 — H 2 2 - K 4
LR )P A, B A MR 25 ) 3 1 B0 S A5 F R [
A A B R W PR b 98 12 W B9 A RS W K 25 W it
BRI AL

N ADAMIS 884 5 KRR F il 91 D& ki
BRI B, AR 701 i O 9 805 /R BT A S i 48
B A R AT B 2R 0K R GE 08 0 7 By ik Hh
4N ADAMIS KB A& XKW EH, £ W
rhddADAM15 (recombinant human disintegrin domain
of ADAMI5)", fE# ANE S A Hela MR,
2 T rhdd ADAM15 Xf Hela 3 58 K 3 5% () 51,
IEHIE 5 T rhdd ADAM1S 1 AL 3 K FCAH SC 1
15 5 3 5, Oyt — 25 I X PR A 7 L BIL o 42 1t
FEAi

1 wrres

1.1 RIE#HR

thddADAM 15 . H /5 35 T 46 52 590 2 il 4 N8 3
AN Hela. 14 [ i vh B B 40 4 5 55 77 40 i BT
JH RPMI-1640 E:fili 52 5 /N IE R R 5%

# .M H Gibco 2~ ; WA F1EE . W H 28 = KA H ;5
JEAA Lipo2000; 1 T Invitrogen 23 &) ; 41 i 52 56 1 4%
FhFLAR . A Corning 2> ] ;SRB: 4 [ Sigma 23 ) ;
FKEERKHEF (EGF) ) U0125. 14 [ Cell signaling
7y A ;CM =Dil: 1 H Invitrogen 2 &l ; % U Bt
thddADAM15 (%t . B 1E35 B 76 55 50 2 AR R AT
FRAR T AL B AR D P PR bt WA E A RA
] 5 20 e IR I R LR AR
1.2 LWHX
121 @i QRS 10% /0 4 i 1
1640 R 37 3L U hn 1x10° U/L 1955 %5 Z F1 100 mg/L
FER R BT 37 C 5% CO, s, Maliut
SN A iR s A SR N |
JiL, B AR 4 R T R
1.2.2 SRB &l fesgsa KA w1k s 50, A
B 10%/ MRS G FRERBE R (0.6~0.8)x10° ML,
AL 100 wL 4l T 96 fLAR , 55 9% 24 h J5 , W BR1G 77
I B S R FEHE B thddADAM1S 22 38 )55 1k
% (mitogen—activated protein kinases, MAPKs)
i % B 7 3R K K P (EGF) & MAPK G %
ohoA B A R T R B (extracellular regulated
protein kinases, ERK) I 4l5] U0125 i 4 g 15 57
R E 96 ik, B NAYR &N IRE R E 2
A 3 A RIAL RS 152 S AT AT 245 49 169 L Sk BF P
HE AN A i 8% R i FL oA 2s (R BRFL . gk
Widk 24 h J5, A E&SLEEFRE, WA 100 wL
10% TCA W & 40 min J& , 2 TCA W, # 4l
KPR 2 W, EE AP TR RFLIA 100 L 1
0.4% SRB ¥, T 37 CHF 30 min, 7+ % SRB ¥
W, M 1%lmEERExeaEat, SHAmA
100 pL #4910 mmol/L Tris % & , 10 min J&5 | F i #r
AXAE 570 nm A SIS

HTEMH 2= (A yma—A mzim )+ (A wwa—A wpm)
x100% (1)
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123 XREm et 4 AT,
10% 4 M35 WG TR R E (0.6~0.8)x10° /L,
FL 100 wL, #5051 96 FLAT , Ff 40 i A= 4 2 5 i L
Ji§ 80%~90%} , FIAE L AESLIK A1 2B H R 1 2y
1 mm 4R ,PBS 52420k 2~3 Wk, PRl mgnig,
TN A TR e JEE 4 thdd ADAMLS 1 200 Jifd 855 52 98
£ 0.24 h B4 05 AT IR WS I 10 S 4 i i A 1
o ERIE AKX RHA(2).(3):

AN IE L R MR=(S01=Sa41)+S01x100% (2)

IERAM T ZE=MR 4u-MR 2 (3)
1.2.4 PIL g3kl smpe B4 40T X500 548
D240 i T AR 4l T 6 FLAR, AR AL (3~4)x10° 4, A K
24 h 5 A2 B A 0.1.5.4 wmol/L )
thddADAM 15 4k 255 5% 24 h, 32 L3, PBS %
PR (Y A S WO AN, B PBS YR A P
5, 710%M% 2B E 2 h Bk, PEEBEER, 4
PBS i e JE WAL, A 50 pg/mL ) RNAase, T
37 CH# A 30 min J& , A P T 4 CHEIEY,0.5
h & AU, B A Modfit #4647 4347
1.2.5 A ADAMI15 £ 4% XK 3 A& Hela 292 A 49
Foak Fraa A DR T TE 55 00 5 LR A7 19 50 RL
pGEX-4T-1/ddADAM 15 fE R #iti , IR LT 514 5
FE N ADAMIS £# G R X . L5149 .,5 -
CCGCTCGAGCGGGCCACCATGGCTGCTTTCTGC -
3, Ti#514 5’ - TAAAGCGGCCGCAAATTTACTC
GCCATCCCCT-3", ¥ PCR rF=#4lifk )5 , # H Xhol
K Notl BV, # F pCl-neo #Ak, &L pCl-
neo/ddADAM15 [z #i 28 W 5 46 4F 1E 8 J5 , A
Lipo2000 %% A HeLa AL N, % 34 J5 i 40 AR 12 A5
Hela/AD, %4t 4 6 h J5 , WAL 20 i IF 24 fi IS B 1
5, FIFH$T thddADAM1S ) —$L#E 47 Western blot
S AT LN N ADAMIS £ A R IX U R
[ 2 1K 7KF-
1.2.6 s &4k NegRr G ma AR AR
UM IR AE PR AR AT B /A AR R B FH B 5
0 BF A BUBE By |l RREAR B R A IR B RE 57
Pt ARSI oM BE D gl fh B fa ) BAE L
AR NS A2 e iy AT o B X By ] A
BIPE X B PBS %W

1) WA A A . Hela 4= K 2R AN 90%
DL EJR, S8 55 0, FH PBS PEU& 2~3 3, IMA 1
mL JTE KN 5 weg/ml % FE CM-Dil ¥, ¥ 55

FILE T 4 CUKAA , 15 min 532 CM-Dil 57,
PBS VE ¥ 2~3 i, JF 1k W5 bnac o B 40 B T UK
LR K22 A 48 h I BED fa BT 0.4% — R H
sk 2 A T IR 5, R Sl 0 SR ASCHE 29 800 4 i
UF ) HeLa 40 M7 A BE D) B0 d 48 , DAILAE Ry b
20 7 B0 A PN ) R A AR A

2) thddADAM15 % 24 .HeLa 40 il 7% 42 3| 5 &
RN 24 h I, FEDSOE MR T Pk e 40 i 2B K
RAar, RISl A se iy Bt o fa ) R A &t i
thddADAM 15, PBS ( BF 4 18 ) B B4 2 ) Al ( BH % X
B, 450 ng/fa) b GRS B B By fa iR ) B4 2 10
5o ARBLARI R 48 h e B B T R B JE A0 R R
JH B NIS—Elements D 3.10 55 2% & 1% kb ¥ 45 4 1
T BT . DGR (S) 27 4 ML Y 3 Fl AR 12 T
FUA) Fm Al i i A 2 JE . thddADAMIS X B
R DA TR 200 B 17 358 B A ) R ST R T R
AX R (4)~(5),

TR I o) R = (1=Suaaanams=Sconnt ) X 100% 4)

IR A R = (1-A paaspamis=A e ) X 100% (5)

| 2 st

2.1 rhddADAMI1S5 #]#] HeLa 40 RE1E 58 & T %

SRB %5 2 7% thddADAM15 % Hela 41 Jifd 4%
FEAE B S B0, 061 R B E thddADAMI1S ¥ B (14 T
fe M3 K, 7E 0~8 pmol/L N 2 57 i b | ULIET 1,
BE 2 M1 45, thddADAM 1S #0 ) HeLa 40 g 4% 5 (1)
1Cs) N 2.44 pmol/L, FIHRIJR 878 thddADAM15
XF Hela 20 il (375 8 J7 A B Ak, B 2505
Wit , 845 thddADAMI15 #0176 HeLa 40 i 1T #
1 ICs A 1.60 wmol/L,

1207 —e— il
| m TR

100

80

60 [

%

40 F

20

0 1 s 2 4 6 s 10
rhddADAM 15K % /(pumol/L)
E 1 rhddADAMI15 ##] HeLa 40 Ba 4 58 & i #
Fig. 1 rhddADAMI1S5 inhibited the proliferation and

migration of HeLa cells
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22 ADAMIS B A EXIEHE QT FIi&E
HeLa 40 i B 3E % T 40 A 2 HA

Yk 4 6 hJ5, F|H Western blot 43 #1 HeLa/
AD 401N ADAMIS 2584 3 IX IR 1 BT i R k0K
L EER LK 2, Y 4 h 5, ADAMIS HEASRKX
HWEACARE,6 h GRBK PR, Hib&A1%E
PRI S 6 h VR ARSI A ) 4, RS Hela 40 o J&
W KRS RE I AR A

M2 1 iR, S5IiE% Hela 41M0AH L, HeLa/AD
B I % R A 18.27% +2.15% , 1fi 4 pmol/L
rhddADAM15 YE T Hela 481 )5 ,Hela 48 8 (1Y 1T
FEAM KA 96.37%+2.35% , # il %3z 376 KT Hela/
AD;rhddADAMI15 bR )5  HeLa ZHAE A S ] & &
TH2y 4% ,G2/M & & T B2 3.1% ,G0/G1 T [%
25 1%; 5 rhddADAM15 4bBHJ5 (1) HeLa 40 A2,

IR A= 8 Hela 40 B AH LY , HeLa/AD 40 s th B S
W 43 BEL , BEL 2220 R 5% ,G2/M 3% 5t F R
24 3%, gL ss ORI X A S A TR, G2/M
07w S v, A B e e gk ) %o 0 B R B AT — s R
M)

7 % Hela/AD
6h 4h 6h

| ————

B2 ADAMIS ¥ SEXIBEB T HeLa AN KRIEX
Fig. 2 Expression of the disintegrin domain of ADAMI15

ddADAMI5

in HeLa cells

#z 1 HeLa/AD % HeLa #ii%3T rhddADAMI15 & B EHMAMERRIHEHTL
Table 1 Cell cycle arrest and migration inhibition of Hela/AD or HelLa cells treated with rhddADAM15

X AR 20 56.82+1.76 35.44+1.53 7.74+0.45 0
25 KL 4H 60.02+1.40%* 31.54+0.78%* 8.44+0.62%* 10.61+0.71%**
Hela/AD 54.66+3.78%* 40.45+0.85* 4.89+1.62%% 18.27+£2.15%
rhddADAM15 (4.0 pmol/L) 55.91+1.71 39.47+1.41%* 4.6+0.54%* 96.37+£2.35%*

I :#p<0.05, **p<0.01 vs control ,

2.3 HEXIEERIDFF K B EhF 3 HeLa 40 A #Y 1
A

thddADAM15 #0l HeLa 20 i3 i 3% 51, FH I H
LRI, KT HESE thddADAM1S ] HeLa 40 fifd
HETH AR ARG Al K, %48 T MAPK 3@ i 33 7
EGF J ERK1/2 i@ il %) U0125 %t rhddADAM15
Ib B Hela ZH JfL 3 58 /9 5% w9, 55 5% b it A
thddADAM15 B EE 4 1.0 wmol/L, EGF ¥ 4 0.8
nmol/L,U0125 ¥ & & 10 nmol/L, &% 3 W 3.
thddADAM15 ] 4l il HeLa 40 M /93658 (4 1) ,EGF
A[fE i Hela 40l #9154 58 JF Al 6 7% thddADAMI15 5]
A M I s A (kE 2,3), 7 EGF MERT,
thddADAMI15 X} Hela # Jfd 34 5 Jf 52 A7 10 1 R
HUJE W 55 EGF Xt HeLa 20 M 36 78 /9 2 2EVE F - (FE
3);U0125 [FIAE L AEID H Hela 403G HE (FE 4),
thddADAM15 5 U0125 B¢ H & fff Hela i 3 5 411
Wk (#F 5);EGF Al DL % 00125 & U0125 5
rhddADAM15 B F 5 R i 38 B BRI VE R (KE 6.7),

Bl EGF 47 7£ T ,U0125 K& U0125 5 rhddADAMI15
HEHIIEARE S HeLa 41 B3 55 70 1 , HeLa 21
Ve — e fe L Y3 B At ik

60 F
40
S
® 20t
4B
2
5 0
20¢
Pttt
12 3 4 5 6 7
ERAEKHT - o+ o+ - =+ 4
thddADAMIS + -  + - o+ - 4
Uo12s - - - o+ o+ o+ o+

B 3 rhddADAMI15,EGF, & U0125 3t HeLa 48 i1 1% 38 1)
2
Fig. 3 Effect of rhddADAM15,EGF,and U0125 on the

proliferation of HeLa cells
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2.4 rhddADAMI15 X555 fa K 4 HeLa 40 il & i
REBHEMm

Hela 4IRS AH T BE DR Py J , wf LLIE % &
K, i 4A frs B4 3 d LUJG , Hela 40 i 76 5E 5
R NGB T e B, RICHLLETOLE R, &
1ok B 6 AR S T W) Al &% rhddADAMIS b B S | BE S
iR HeLa 41 i 92 6 B /N, 52 B AR s (8]
4B), Hit4i R B, rhddADAMI15 1 1 5 BE 5 fafk

XJHE, 0 d

PN HelLa 20 Jf 1) 5 S0 B J2 ¢ 5' T FR s 559 422 591 4 4K
#irE, 7F thddADAM1S 5 KAESBER &, B 7.5
pmol/ff {5 5~ ,rhddADAM15 % Hela 41 Jfd 7 BE
Th 01 AR P 3G 58 AR A R SRR 53%+1.49% , % 7 1 1) 5
H 51%+2.83% ; 7E 2 5 w) i e K AEBOE R i, B
490 pmol/fa iy T, vl flixt Hela 4H il 7E 5
I PR P A K B IR A 39%+2.51% , 175 #5410 il %
M 43%+2.90%

60

O Eafl
55} Hl rhddADAM15
S 50
E 45t
= %
M40t T
H
35+
30
1.0 25 50 75 490
pmol/fh
C
S M G )
I rhddADAMI15
55' E3
£ 50p
E 45r
=
®40r
h-d
35¢

30 1.0 25 5075

pmol/fa
D

A, HelLa 4t fitl % A8 B 5 2 f (4 P4 J5 19 00 B 0 & 298 658 5 ;b Hela 4 MBS A B 50 5 i (R 9 2B 4K 3 d S5 9 ] 3, 4t it A5 B b b i
B M FIE S 5B a, W AT PBS E 7 B X B s b, V5 B w0 AE S BH A X BE s e, B R WO 200 PR 19 B 15 £ 5T 7.5 pmol/f 1)
thddADAM15;C, 15 259 24 h J5 4 AL 96T EE I Ge 4520 D, I 259 24 h J5 45 AL 9O AR 42114528 (n=10,%p<0.05) .
B 4 rhddADAMI1S MFIBE S &K AN HeLa MMM ERKEER
Fig. 4 Inhibitory effect of rhddADAMI1S5 on the proliferation and metastasis of HeLa cells in zebrafish xenografts

t A
RS

BB FAE WA AE T A M 2 1 Y E B R AT
AT A5 200 5 4 B A 2 L T %) 285 B X 4 i R
Kk 5 0G5 Ak 5 08 T 7R I i &
Ak R R R E AR EE W, KA E
DL 2o 5 4 410 <) BEL T 5 3% 5 4 i A7 R 5 1 A
AR, TR B G RN T 0E S5 T g,

E A WS &I, rhddADAM15 %F 22 Ff i 958 40
JIEL ) 38 5 1A SR A I RAE T A B )T B B
PO FEARBFFE rhddADAM15 7T D) S 24 i A
B 30U Hela 200 i 7 A4 S0 Ko B AR P 119 38 58 12 e

%, 8RR B AR P s thddADAMILS Zb RS
HelLa 408 S I BH W R 2y 4% ; 1 18 5 Wf 1of 5 e (i
ADAMI5 2 # & R XK (1 7£ Hela 20 i 9 2 %
ik, 19 %] Hela/AD 4 ifl , FoiE #8 fE /7 3 BF 2E B Hella
YA 055 B R R, S HBH T R0 5%, DL IS
WER  thddADAM15 A5 24 S5 8 11 B4t L 9 3658 1Y)
PIVRER [, 349 ] 400 o) 0 G 1 A B8 B8 S S ST B
BRI B AR, A5 r] B8] thddADAMIS
T 200 1 DY B A4 L 3% 1T XA LA R A A
thddADAM15 K45 D)8 (1) — A>T 216 ML 4k
Hur 58 5 FZMEAEHK RCGD FFIM, 40 i £ 77
SR AT R S AN A BEAE A A R
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S A1 3 T 2 AR 1) T2 B M  XoF 40 R 400 i A 5
HUORS R FERH . BERS 5T —RIINE 5@
it R DD S b A B N S R R N 1 - e
SN ORI N R DA RIS R R e S 1 0= N
g A F AR T LR 4 M JE S, 2 A0 A T
B 3B A0 A JE 0 B3 41 43 AEB, Chong %5 % 31,
ADAMI1S5 #3f Sre/Erk 3428, R U 5% N 2 40 it 1) i
25 1 Kb v R 40 i ) SRS, MAPK 5 5 3 [ 7E 1A
AN RE oAk A T DA T RS T R T AR

F 5 RAE e 45 22 Rl i 1) A AR 25 DA 602,
A5 £ B EGE W] L i #% rhddADAMI1S &
thddADAM15 5 ERK 1 i 7] U0125 5| i i) HeLa
AN G FE AN Hl, B rthddADAM1S X} Hela 41 Jifd 3%
B B0 5 MAPK 38 % U1 AH &, mOAR X T
thddADAM15 1) BARAE FHHE 5 &AL SIS A TS 4 3
AR5 R ik — 4 B 58 thddADAM15 2 5 ) 34
QRO o AR R AL T BFSE 5 ), O thddADAMIS By
B PESR A T W5 S A
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