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[ ABSTRACT] Aim  The present study aimed to investigate the bio-function and mechanism of cellular repressor of
ElA-stimulated genes (CREG) protein on the migration of vascular smooth muscle cells (SMCs). Methods Human
wild-type and glycosylation mutant CREG proteins ( named wtCREG or mCREG) were transfected and purified in human
293F cells. Human SMCs with CREG knocked-down expression ( named OB2) were used to evaluate the effects of two
kinds of recombinant CREG protein.  The migration of OB2 cells was evaluated by wound-healing assay. ~ The expression

and activity was detected by Western blot and gelatin zymography.  The differentiational marker proteins of SMCs were i-
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dentified to express by Western blot analysis.  Furthermore, using soluble mannose-6-phosphate/insulin-like growth factor-2
receptor (M6P/IGF2R) fragments and M6P/IGF2R neutralizing antibody, the blocking analysis was finished by detecting the
Results Both wtCREG and mCREG (400 nmol/L) inhibit the migration of OB2 cells.

while, the expression and activity of matrix metalloproteinase-2 (MMP2) and matrix metalloproteinase-9 (MMP9) were iden-

migration of OB2 cells. Mean-

tified to reduce in OB2 cells when treated with recombinant CREG protein. ~ Reversely, the expressions of myocardin,
smooth muscle a-actin (SM @-actin) , myosin heavy chain (MHC) and caldesmin were detected to enhance obviously.  Fur-
ther blocking experiments using soluble MOP/IGF2R fragments and M6P/IGF2R neutralizing antibody suggest that two kinds
Conclusion These data

of recombinant protein are adequate for modulating SMC migration by binding to domains 11-13.

suggest that soluble CREG protein can exert its biological function via binding to cell surface M6P/IGF2R, and thereby pro-

vide novel insights into CREG modulation of SMC phenotypic switching from contractile to migration.
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XoF 240 e AU A Ak 1) R 45 S ELAE 5 R 38K, 33— A fie) ]
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B%., BORSG M E a4 E G 30 pL, 7T+ =%
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0.1% % B #Hr = i 4o, Bl i & 7 (50 mL 28 +150
mL 8 +300 mL W & K) Bt & £ 1 I T F i by
A, & Image-] RESTE AM4E, B30 pl K
G M EWALEE, ANl x BE AT EZY
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70% R4, TR 72 h 4740 0 B 1 | S qb,
Ja B4 J) 4 10% FBS ) DMEM, F i 4 & 41 wi/
mCREG & # DL % 5k LR fm £ OB2 20 fig 7 HI-
TASY 48 3% 520 %, 12 h J& #EAT b % 7 WA Jk g 0
PRI, SDS-PAG W vk , % B %%, LA 2 1 KR 3t
J& , % N\ 2.5% Triton X-100 7 & 100 mL # , 4% K k£
TR 2 LAV SDS 30 min J5, A 1 Kk, BLAE
T KR B B # ON W i B8 % o (50 mmol/L Tris-
HC1,pH 7.5,10 mmol/L CaCl, #1 1 pmol/L ZnCl,)
100 mL ¥ 37°CEH 12 ~16 h, 0.1% % & # % 1
e 2 h, BB R E E WL BB 5 g
1.3.3  Western blot ¥ & 21 % & st 4k 91 3% 70 49 -F
AL AL A LR 1 AT PR IR HITASY %
OB2 40 i, LA B b JR £ 5 A CREG Z& B 24 h J7
OB2 4/ % % & ,SDS-PAGE ®. ik, F# H & &8 £
PVDF & L, A %1 F % AL o-fL 30 & & (anti-smooth
muscle a-actin, Anti-SM «-actin) 370 F 78 ALALER & &
E 4 (anti-smooth muscle myosin heavy chain, Anti-
SM-MHC ) , anti-caldesmin, anti-myocardin . anti-fi-
bronectin ( Anti-FN) | anti-lamine-1 ( Anti-LM-1) | #1
A Jf 4 )& & @ B 2 (anti-matrix metalloproteinase-2 ,
Anti-MMP2)  Anti-MMP9 Fo 4 41 4 4 B & & B 37 4
4 ( anti-tissue inhibitor of metalloproteinase, Anti-
TIMP) 4 20 fi 9 £ & & By R 3k,
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YLt 48 h [ 2B AL By OB2 41 i, [/l B 78 Am 400
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K.,8 h J& B E| 4 L 5 LA CREG & & #7#] OB2
gl Ry % QR N o
1.5 E4H IGF2R K5 5435/ AR BRI SE 38

YIH 48 h Bl % L Hy OB2 41 fg * | [{l Bt 748 e 400
nmol/L #] wt/mCREG # IGF2R (11 ~13) 45 #y3, i
B/NIR,8 h JE BA E G LB WL Z CREG % & 4 #
OB2 2 3T /% BB 09 & AL
1.6 ZitFESH

RPR LR B AN E 8%, FHHEREEIL
BMAFF &R, St E A SPSS 11.0
HaEALE, P<0.05 Y ERITFER, BALRE
REL3 KU L,
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2.1 FEZAA wi/mCREG/myc-His B A E A K RIE
Rai

2.1.1 F4A wt/mCREG/myc-His fk &% & 4 &
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WA R E e IR RIR BRI 293 F 40 MU 2L )
25 Ni-NTA H2EFZ A 416 )5, Centriprep 2500 # 8
& (10000NMWL) ¥ 45 & 600 L, ¥4 )5 1 B4 wr/
mCREG/ myc-His 25 [ 545 e & 1 U6, T
alifbny B AR R 2510 0. 692 ¢/L F10. 984 g/
L, % BCA EE I 5 5 AbRME IR 2R L4, 48 Tmage-
J BAE 4, A wiCREG Al mCREG & 4 40 B /3 )
H92% T 93% , WiFPEE 1 7E 5 e i L g5 R
H 7R R 28 kDa F1 26 kDa 7545 1P 4% BA— ) 4k
HEHFAW(EL),

<+—— 28kDa
<«+—— 26kDa

1. EEERBEXEEAEA wi/mCREG/myc-His & B4
E 1 24 Marker,2 A mCREG % 1,3 i A wiCREG 1,
Figure 1. Identification of human wt/mCREG/myc-His
protein purity by Western blot

2.1.2 AR L e 3 5 28 A 2 wt/mCREG/
myc-His BR&-E @A TAERE M TAREIE
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Figure 2. Analysis of effective working concentration in two

a NP

recombinant CREG group (r =6)

2.2 FEZAAN wi/mCREG/myc-His B A E B N £
AL BeE 7 B R = 1E B

2.2.1 wt/mCREG/myc-His @k &% & * -F 7 WL 2m
o iE A o 3 R 149 5 56 25 SR R, A 400
nmol/L ) wtCREG Fl mCREG 24 h J5, 545 (A% IR
4 HL#, CREG KA /Y OB2 41 iR e 1A B %
FPPH], HITASY TGI8 Ak (K 3) ,

#E—3E 1% F Western blot FlHH BEREE /3 M7 )5 2246
&P, PiFh CREG & H A INfE OB2 4l MMP2 |
MMP9 4 /0, TIMP2 4 838 i1 ; wtCREG % 41 o i
TR 58 T mCREG . #2510 F A I A%
&L, WP CREG & [N, OB2 4l o MMP2
FMMP9 (1435 PRt A 32 2 (& 4) .

2.2.2  wi/mCREG/myc-His &k 4% & 42 3t F /& AL
2m feL AL Western blot 73 H7 2.7~ , ¥ A I
CREG #E 1 12 h J&, OB2 41 i1 43 1k 2 AU i A s
MHC ,SM a-actin , caldesmin I myocardin 33k 3 &
A A R AR Fibronectin Al Lamine-
1 Rk 2 (8 5) , DA S5 SRR AR IR
CREG #E e # A Fh 55 72 10 SMC H 25 43 Ak 3R Y 1]
AR AL

—_

N A O

a

Migration distance( u m)

- WCREG mCREG -- wtCREG mCREG
HITASY 0oB2

aly P<0.05,5 OB2 =5 (4 b4k,

Figure 3. Recombinant wt/mCREG inhibits cultured VSMC migration (n =6)
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Figure 4. The expression and activity of MMP2 and MMP9 was detected by Western blot and MMPs assay
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Figure 5. Recombinant CREG proteins promote cultured SMC differentiation

2.3 YHEEPESE{R M6P/IGF2R M S E4H CREGC EH
K INRE

2.3.1 FA=BARFAE 74 CREG & @ 4F OB2 %0 e
A0 M F R R E M6P/IGF2R J& 54
F CREG WA 2200, FATFREHm A M6pP/
IGF2R HFIHLIA I HE 4 CREG & H /0B SMC £ %)
SERONE ) R AR P S 25 R R, WS N Anti-
IGF2R(8 mg/L)24 h J&, OB2 + wiCREG 41 SMC
TR EH 1.87 pm M= 6.13 um, OB2 +
mCREG 21" SMC i B HE & h 3.56 wm 3N =
5.73 pm, 2R Anti-IGF2R J5H 41 CREG &M

X SMC. 1A% B4 il 240z s 553 (&1 6)

2.3.2 M6P/IGF2R(11 ~13) FaLl; & 20 CREG & & %
OB2 #m it A w94k A DIAESCIOIISR 4 SR 4R
M6P/IGF2R 4HMIAMNELAYEE 11 ~ 13 Ghibysl 7 B, R
2 CREG & HIEEL & TR, AR5 —4
FIFHFEIG 523 W0 %E M6P/IGF2R 45K 8/ Mk H BOR= 7
M CREG 2 X AR RS, 25 R A B,
A M6P/IGF2R (11 ~13) /MK B , wiCREG 25 1
I mCREG #l#] SMC 1% 14 A 93800 #1148 5 ek 53 1]
7)), HE78 MOP/IGF2R (11 ~ 13) 45 k6 4af ] RE J& & 41
CREG £ H HAEA G IR,
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6. Anti-IGF2R FEEf CREG I HI BRI EWF ML (n =6)
aJ§ P<0.05,5 OB2 75 H4 L&,

Figure 6. Anti-IGF2R neutralizing antibody block CREG
regulated migration in OB2 cells (n =6)
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7. M6P/IGF2R Z5#35 /AR BEET CREG Xt SMC iE #8940
FIBL (n=6) ay P<0.01,5 OB2 Zs (41 ILER,

Figure 7. M6P/IGF2R (11-13) domain fragments block
CREG regulated migration of OB2 (n =6)

3 it it

UEAERFIT R B AN A BE ) SMC HA K
FIRPE, AR FRASTR M A BErh SMC 4b T3 AR A
MG SMC 1] & AR R AW | il o3R8 (IR
ARRAY) A8 Jy KO AR (G R B | JF AR AR 1Y
B GER B A L AT I K A M AN SE IR RE T, SMC
FH A3 A B ] 25 O Ak 6 B 0 5 Ak 2 3 koo A i Ak
(atherosclerosis , As) M 28 %2 56 IR 8l Bk /- A ( percuta-
neous transluminal coronary intervention, PCI) BIT AR
J5 PR AE S AR ORI A N R JRI A R AR
MY E SRR, R, % SMC ZRBVEL AR AL ) BF
GERIG I AR B TR AR B — N T 1

KIALIR , AT — H il 1B SR IR RE M ] SMC
WFEI A SO 2, AN EE g b 2 —,
CREG J2 1998 4 Gill 45" R HIEERE A58 1 He-
la ZHMMIFY cDNA SCJ%E Hh e B T 5 B 1) — i e s ()

T, CREG J&—Fh ELA 220 A& FE/R 1Y 43 h BUE
F,H mRNA 76 B A2z Rk HAE L
SR AN (an UV AR T 4 B VR AR5 4 i ) 200
fRFIA M CREG W] B 4% 5 AME 2 iR 2 8 A
E1A SOfFLah YR N 5% sk I+ E2F KGR a4
PEMZS SRR B R 3+ b, A FH & E1A il
E2F XA s . A BFE R 30, E1A fig
SRR A (i ) T s adt B ST AL/ s o 2 A
ik (R Aoy 28, (LR S 5 E2F 2 41 i A
Wi G1 Wi S WL R E N T, wiE s
AL ) 51 4 e 98 5 R 44 % 2 11 B AH O R 11 5 2 il
S 200 B o) B ) B P % A B FH O 4 2 1 34
FH ., B, CREG AIfHiE H E1A 1 E2F 515 89 240 Hy
BB Ao e T S A S A B 3T AR AT
FEAMIAKE 5T T AN R EE 4] CREG 2 X SMC
MRS LA S AR b5, 45 SR B, WA AR B
ZH CREG B34 T SMC 13T 2 F1 43 06 41 g 1 52
JERBE ST, BB CREG HATfEHE SMC i 243 fh 3 8l
) AL R BB A I A ) 2 R, DR Y F2 2 0k
T CREG 2 [B] 2 35 % 41 il A= ) 2% 348, 1 o] 5 1
CREG 73X 4 Jf A5 9y 2 350 ) 0 5 4 T A 20, %of
T SMC HYIEFE RO B 58 )oK DL 438 AW 5% 10 45
KA, CREG % SMC #Ill il iT 7% A 3F 431k 1Y R0
PIARI T CREG & 11 T & 5 A2 72 B b B 1 1
FEBEEEE 1 AT LLBA W58 CREG X SMC 149
SN . XN PUR R 0F5E CREG & A5 T ol
S B VEFHERME T R LA A, 5] CREG BY4:
280N AL, M6P/IGF2R 2R I 7E IE # IR IG R &
A 20 3 5 bt B SR, REWFS
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MR T e 5 Z 0 MeP & [ A HEBE 5L Ak 5 1 45
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S A R K S Tl 2 R WA, {6 20 A 1
R N AEAL XSS ST 7R . MOP/IGF2R 32 1A 1]
REZAMNEME CREG & A A MY B AE sz 4k, ]
it 5 MOP/IGF2R 454 A EW2FThRE' ™ |
i E M6P/IGF2R 5 CREG & H A AH T AE
16 CREG % 4R SMC TR e, A%
T O v R R G5 R BBE T SE 8, 45 SR R, Anti-
M6P/IGF2R 1 IGF2R (11 ~ 13) 4% ¥ 35 BH.hr M6P/
IGF2R 5 CREG A4 &5, 4l CREG & X
OB2 21T #% 6 71 B . 32 B4l 5 A, 40 i
SN R O X SEEE FER] T H 4l CREG X
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IGF2R(11 ~13) &M T, X 53R ATT AT AL
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ZARI SIS R —E, (BXF T A THLH
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