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[ FE] HH Hiksob Rkt od 308 m ik A # B e) %o, AR ke o0& 5 ILm b R B &
AW FAAEIITR. FE ABEURZELERG LT TR mieftkob sk § 4 K g P8I i AE 5+ b 5F 7
KA RFEARE FRN o E TR a L& G, #4FR AR N AN o E T 7L m I ILE & & 220 &
RYHEABRBEOREHNE L B A E mRNA #ast &8 R-F, E4 N K & F -F 5 W 6y 7 & 5478,
HRAEFAHBFIER S ERFOR M. FR LHENRRT, REEKA R 05 F 7m0+
BHORFEGTH,FATRLEMEARA LE TR B RAEH —Fw AAR.GREL SRS WIS TR
ViR ERE S AR L E PR mB IR LARRY, AR GREALLSKRARE S, RRLE T
Mimfa MEh E QX BAENFLERL 2, RAKIIEREZEFART aMFHEOLENI TR HR. F4 Kb
BRI B AR R G mRNA &k SRR %R ILm L 2 3 & (P< 0.01), IL3h & & 22a mRNA /& f 5 F
WM A R R R TR AR, A2 EF TR, AR Y HRA S AME O nRNA A X ERALEHA
e R S TR L & (P< 0.05) o 51 o & -FR MM ERE2H 4K, BP T AHA 6904 £ R &1L
ALRER BRTFLEFFMmPAE—FRED L@, CEBENRaNFEaRTRELRYE LG
PRI F e EF, THEALEFRMMEERRXSNAZARE, MMAEEO RuFEAR yEALARETAON
REERA b EFRNmET R —RGER, 2E LK.
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The Phenotype Transformation of Rat’ s Vascular Smooth Muscle Cell During in Vitro

Culture and Its Characterization
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[ ABSTRACT] Aim To investigate the effect of culture of vascular smooth muscle cell (VSMC) in vitro on its phenotype
transformation and to survey the best parameters for characterizing the phenotype. Methods The primary VSMC and the
fourth passage of VSMC in vitro culture were compared by their morphological characteristics under electron microscope, and the &
SM actin expression measured by immunohistochemical staining, the osteopontin (OPN) , SM220a, matrix Gla protein (MGP) mR-
NA transcription levels measured by RT-PCR were all comparatively studied. Results The myofilament was abundant, the
dense patch —a typical structure of contractile phenotype of VSMC welk distributed, while the endoplasmic reticulum, Golgi’ s
complex were less distributed in primary VSMC.  The VSMC in fourth passage, however, showed scattered distribution of myofil-
ament in cytosol, but much more endoplasmic reticulum, Golgi’ s complex, and mitochondria under electron microscope observa-
tion. The immunohistochemical staining showed much strongera- SM actin expression in primary VSMC compared with the fourth
passage (P< 0.05). OPN mRNA level increased very significantly ( P< 0.01) in fourth passage of VSMC compared with pri-
mary ones. The transcription level of SM22a mRNA in fourth passage of VSMC decreased compared with primary VSMC, but the
difference was not significant ( P> 0.05). MGP mRNA transcription levels increased in fourth passage of VSMC ( P< 0. 05) .
Conclusions Four passages of VSMC in vitro can transform the typical contractile phenotype into the typical synthetic phe-
notype, which indicated that the VSMC had the trait of easy dedifferentiation, this may suggest some implication in VSMC re-
search.  Electron microscope observation, & SM actin, OPN showed significant difference between contractile phenotype and syn-
thetic phenotype, which may represent a good marker for distinguishing the two different phenotypes. The SM22a and the matrix
Gla had some difference, but overlaps were also significant between the two different phenotypes.
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I % ~F 35 WL 41 B ( vascular smooth muscle cell,
VSMC) F) 5 5 39 & V2 40 I B 5 1) 3 () 2L
fitth, 7 /=1 M 3l Bk 5k AE i 46 ( atherosclerosis, As) A Il
BTG G B SV 2 B YR, # L F
VSMC 57 358 . 17 VSMC B S48 R Y ) A ik
R AL R AT H . VSMC 7E IR AR R A
KETRE, FELUEH R B IR, B A
ISR, T3R5 B B RAE B AR 2, RIS 4
T, WERR ) VIMC EZE AT g D fg. (HAE I
B B R — R AR K R B RIBECT, VeMC /]
I 25 704k B e AR g BB e I i B R R AL R
B, RGBS ) VSMC U 2 7 H R 3
FEREE, HAE GG A (R B B 20 VA 2 T A 3 o K
LRI T R T 2 0 I R R K
VSMC F38 58 J R R REAL, DL, #iA VSMC A T ]
FRRBLIRAS, X VF 205 & VSMC 5 19 58 1 0 i 55
PR IR B L . fE VOMC IR FEH, 14
ShEEFR VSMC 2 —FpAR® | Z R BT i%. (B8R4
B % VSMC 16 58 # B JUM IS ~F- 18 FULAH 1524 K 8 77
Ferp e AR 2 B B, X AR R VSMC R Y
ARG . R, BRI VSMC Ak A
PR AR, UK AT o 46 A RE BCHE B M A € VSMC
HIRALIRES, X VSMC IR Ft B A EEE . A#T
FAEM B A b, 28 IR & B SR8 vaMC
FR ARG IR R 4 AR VIMC 10T ELAFF 7T, 48 3 44 41
FEAREE IR X VOMC 3R BY BL AL R 5200 S A A A oh 55 57
HIANIR VOMC R B K B SR 7 -

1 MR

L1 #&

SD A R i )1 o 25 87 % BT 4= 65 ivE IR R B .
& & B DEME/F12 F 4k % % £ 1§ B Gibco BKL
/- #]; Biozol & RNA #2 BUR | & 2 RT-PCR # & % &
MeEWEER NS AMAFENMN A EEER
Pk fu R A & SABC e AR ¥ R ERA RN
Bl F e amBE AR RAE,; N E W E
MMNEEFEAEMTIRABFARN, PCRY H3HdE
Invitrogen /A & & . 5141 F 7. F & AL 22a( smooth
muscle 22a, SM22a) ' IF X 5°-AAG CCA GIG AAG
GTG CCT GAG-3", R X 5'-TTG AAG GCC AAT CAC
GIG CIT-3" , ¥ # H X 311 bp; &R v R EL AR E
#l(matrix Gla protein, MGP)"*' IF X_5’-ATC CTG GCT
GCG CTG GCC GTG-3", K X 5’-GAA GTA GCG GIT
GTA GGC GGG3, ¥ 3 kBt 264 bp; B #i & & (Os

teopontin, OPN) IE X5’ -TGG CIT ACG GAC TGA GGT
CA-3", R X.5"-GAC CTC AGA AGA TGA ACT G-3 ¥~
¥ 486 bp; W5 IERE & E X 5°-CTG AAG
GTC AAA GGG AAT GTG-3", K X 5’-GGA CAG AGT
CTT GAT GAT CIC-3", 4 % A £ 194 bp.
1.2 MEFENABEH S BEST

KA SD AR, KE 180~ 220 g, T W 4 4
ToHBMEED K, BABEE, TEEENE A
SMEE E T o B, R ivEA B R B H AL 4 B VSMC.
HUN BN AR ENTAH —mE 86 LR+, 4
K 20 Ha W BE, & A b ekt A R TR AR 4 B eR % 0E
EHERM. 2 EERNEREEHE 1 x10°/L
S RECE R T 75 mL AR, Bl & 20% /N4 i vE
DMEM/F12 Ex£EE# #REXEF 4 REA-
1.3 aflzshEBREERLERD

K Jil SP &%t VSMC #AT g H R F 46, I
BEThEREWERKE 4K VSMC KK E T4
BBl EEAE PBS FH 3K 4% S R FEET;
3%H,0, =B FABE;, LENFEHA; a s &G
B H(1:100) #% & PBS ik, — 08 &; AR BEATIC
HEVEEWE;DAB 6, KA AKEE L, BA,
FHH, HA. a L ZEEEELE RS IAEE
EEEEE N E, BEEHTHNEE, £ 100 FH7
BT R € M HLET R R E 2 5K ( per
centage of positive cells, PP), 2£1+ 4% 5 M LEY, P24
M ENTFARERNE 2 Lo B 1
~4 51 < 30%, 2 4K 30% ~ 69%, 3 4 K
70% ~ 89% ,4 7 H 90% ~ 100% . 1% %0 & & 7% 5
(staining intensity, SI) 1€ 0~ 3 20 2 A & &, 1 4
HECH 2 NFEECR I NBRER, WESH
BEILS. BRWAWE SN PPxSIHE, FHB]S
KR, BHEH R FAE.
1.4 RNA BYREX
1.4.1 JE% fo % -F7F UL RNA 6942 3 ATHEHE
Bk £ A SR, o BEAR T AR 3, Ao R A B R A
K, A Biozol 42 BLE RNA, 77 i 4238 7 & 3 B #E1T
1.4.2 % 4 Ko -F 7% Alsm e RNA $2 5 (Eae
E#ZEE 3MREVSMC bL 2 x 10°/L ## T 50 mL #
FHAF, £ 37C5%C0, AL FEAZ 80% )5,
Jfl Biozol & BUE RNA, 7 & # i Al & W BH 4T .
1.5 WiERBAMYER AN
1.5.1 ##HFAHMDNA  BURNA #AR 1 Mg, 5%
RT Buffer 4 M., 10 mmol/L. ANTP Mixture 2 ML, superRI
0.5 ML, RT-Enhancer 0. 5 M., 50 Hmol/I, Oligo( dT) 181
WL, Rever Tra Ace 1 ML, /1 70 RNA B A Z B4R % 20
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WL, 42 CX R 40 min, 99 CK JE 1 % F B8 5 min, & A&
# cDNA A T PCR R i .
1.5.2 PCR A& B ¢DNA 5 ML, 20 Hmol/L. .
T# 544 1 UL, 2 xTaq PCR MasterMix 12. 5 VL, #p
ddH,0 F & R M ARA K 25 UL, # 4T PCR ¥ # . ¥ 1
£ % SM22a 94°CHE 4 1 min 60 CiE K 1 min
72 ‘CHEf# 2 min; MGP 94 °CZ& £ 1 min 62 C3E X 1
min 72 ‘C#E f# 2 min; OPN 94 CZ& ¥ 1 min 57 ‘Ci&
K 1min~ 72 CE# 1 min. 30 INEHF, &5 72 °CHE
10 min. ZREAKEEHNNSE. PCRY HREEE
BS ML 1. 5% 3% e B B vk 4 AT, 4 A BA
SM22a.MGP.OPN 4% LK E E NS B EE G &%
K% E HE KR & B B F mRNA A8 4 & 38 AT
1.6 BESTHEENEMNEFBINMEEESFRET

BIE® SD ARMEZ fk 1 em, 3% K ZBEE =
REEGE FAEREREHALEREFBENE.
BEAT 100 mL FRMF EEF 4 KB VSMC, A
0.25% FEE G EN, EEEDME THNES 4K
[, B £ R, R i vE 4 b 4k, PBS 2R 4 AR 2 K,
A 10 mL PBS "RATH R I Bk, BEZEB O E F, A
1.5~ 2.0 ki/min & /3 15 min, L&, R &L & B
ZI& MmN 0.5% X =, 4 °C# E 30 min, A 12 ki/min
B0 15Smin, F EE, AREBEREE A 3% K
“EEEREEE, ¥ AET G ARALERE S
=R IR
1.7 SIrFESH

IR « s £F, K ANOVA #4743t %
AT P< 0.05 5 Z57H St E X

2 H#H R

2.1 HIMERIEFRX a BLEHE BRI

BETH AT VEMC 4 K 5 I EE, J5EAC VSMC /9 a L
EARBEASMNEROEE 2, 2EmEER
B, H PP 5 SIRFIIME A 8. 88 12. 635, HEFRER
4RI a PBhEAROEERX FHE(E 1), PP 5
ST FRARIME N 7. 04 E1. 136, 5 R M S E H 234k
EREGERERLEE(P<0.05 K1),

x1. EREF4+RKMEFFNARE  MHEERELHAL

FRERMABSEEEENROLR(x £5, n=5)

JEAR veMC A 4 AR vsmc
PP 3.56 0. 65 3.40£0. 50
ST 2.48%0. 51 2.08 0. 28"
PP 5 ST e 8.88 % 2.63 7.04%1.13°

ay P< 0.05, S5IEACTFEIAELILE.

2.2 OMEREBFRMAFER 220. 8 R vHBER
SRELMENFER mRNA FIEHEN

1EH VSMC W4 KA AR E 5> F SM22a = 3R 15,
HRERARE S T OPN fERIE, MGP &R
ik, AN R A TUAR Y SM22a ik /D, 1] MGP %
I N, OPN ik W2 G m( £ 2 FE 2) .

®2. HIMEREFEE 4 KBRS SM22a. £ v RESRR
EAMBHED mRNA RIXHEM(« L5, n=5)

B JAR VaMC 4 vsme
SM22a 1. 076 0. 065 0. 993 0. 066
MGP 0. 663 20. 050 1. 206 F0. 120°
OPN 0. 106 20. 015 1. 023 £0. 140

ay P<0.05, bA P< 0.01, HJEA vSmC LhE .

1 fFESMERZES 4 KB a A ERRIEHIKLE (% 100)
FERIEACT LA, 195 4 AR LA .

2. RSMERIEEFXIME B AR SM2a. B R v RE
AEHREANEHER mRNA HIE210 M N Marker, 1 )5
LEATHE SM22a, 2 N5 4 AR 40 A SM22a, 3 A JE AR 4T i A & IR AZ B 1A &
FL 405 A RAM PN S LB R = [, 5 VB4R 40 M OPN, 6 45 4
fRA1HE OPN, 7 NJE 4R 4 ML MGP, 8 N 4 1R4IHE MGP.

2.3 {RHMES NI FIBAN AR M SRR

FER B LR E R, RERFAERM VIMC i
PeHr ) = B L2, MIAZ DS, e b 303, Tl L
BB, ARAMEAREE TR RS 4 ARHS, VSMC 41 i A 28
KA CRETHT P9 5 XA e R B S A B 2, W2 B
FWD, AR, B R (B 3)

3 Wi
TEB) Rk o RERE AL R A L R R A [FIF B, VMC
R R4 B 5 5 L H AT B8 2 AN [ i s 22 A 7R
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3. SMEFRIME LB MEBREHNEm AN
JE AL T LA I > 6000) , B A A 41 35 7% £ 58 4 A0 i & S i
L4 B ( % 7500) -

FEX . ERFERIRE RS, 8P VSMC
PR R VB s M E LN, A IRERR SRR
AU VIMC B A 5 = K25 5 s B FR I 0 R
MR EAS AR, XAl ae Bh T vk 40 i
MO AR . T T B HR 3R T T B AR 58 I 21 4R 1, 38
BEHU 2L PR S A A R A, VEMC (13 5 A 4y
AT U ST e L AT BB AR RN, ek b,
B 515 0 B E EAS AL U A5 VSMC. [ 184 5 A 5k
JR 53 . Shanahan 28" ¥ 3RIE, fERTERTREM K E
1) VOMC H, 48 R B 1) — AN B B bR & 4 T SM22a
FEARARNRIE, T BT LA 4EME F VSMC 1, SM22a /&
Fik, WFEF RIS VLM . 1R SR, AE S RERT
RE K, VSMC Af H B [F) ) R B A
VSMC (1) 3R T 3 3 — ANt 101 7, AR ik
MITHE VSMC 43 il 46 3= B0 F0 & ple 32 2, H I b
RART AL VSMC R BY 1 75 A W) e, K it I
RASM R R IAF TR — mE BN . H VSMC
(IR B R s I B A I TEAS S 4500 ThRE A0y %
RRRIELELT 2 A, B2 R EES FIHAR
B ME—ME, e AR R B 7R US4 3R 2R A R AL 1)
VSMC B ERE" . Bk, VOMC R AL E R T
) G S AR S SR R T B S b= Y T N
RAVR R AR EFARFDE BBV R B € 1 5
[iE7P

AR R RATIERE T UL N RER R AR EF
PR HBEANE. BT, SAMNIRGERIME
FRAL VIMC BB A B HES S 5. 8l
BN VRETECE, R E SR VL, A
TR R IR R A RS A L g g b . e
H MR PSR G, DL, (HEVE & A . 5k
PR o ARSI R JFEARAIES 4 AR AR FRIN
VSMC 1545 BA T # 8 U 4a 3R B R0 & ik LI T

BERE. @EENaEIEA. NshiERZE—H#
R E A, BHEEAEREER KRS . A
WEFE A, JRAR VSMC 1 a WL3h 2 [ s 20 4340 2 G
EOHE ATz, SmEMERI, M2 4 RERE
W) VSMC a M3 E B B H R = e e B E AR
HHE, A ERHE. RS BN ERIIL
oA sE A — . @AM22a. SM22a & — > 22 kDa
M4 3 & A, IR IE ¥ & VIMC 1 U 48 1
T Xt SM22a BREG /N BRI T R, R A AR
e R B P, BTE RSP VOMC HEIE FEE
MIFRIE . SM22a [ Bk FEIE AT & L AL BE L R 8,
SM22a A AR AR R T bR S —1 . ARBER
, JFARANES 4 48 VSMC SM22a & I8 HI L2 &, Bl
PRANMEAR KE 77, SM22a ()R IE .  OPN. OPN
P I R R B R 1, 5 T R TR, S A
TH K. (H 5 FE LR kA VSMC 24T 1 58
KA K. HIANARAERRENEED Z
B RHE AT, JRACATES 4 48 VSMC OPN %
SRR BE M £ R, FEA VOMC AL OPN, 1
% 4/CVSMC HEL OPN fIERiL.  MPG. M
RAMFRIE R A RER MR E, MGP =R IE T &
5 As KRBT PSR B A AL A KT . ARHE AL
) JFACAIES 4 48 VSMC MGP (235 75 B3R &
FEIER, 5 4 R VSMC MGP (1R iE 4 N F AR VSMC
I A -

BT, VIMC FEMR AN G 57 2 58 4 AR R 2
ERAEREZL. JFAC VSMC A i B ) i 45 6 A,
HLBE N s L 22 gy AT T T 4 80, 9 AT L F
VSMC i 7 [ 25 ¥ —25 BT, A% B0, & s 43 Wb 1 4
Madg/b, B 3 EE IR B o AR R 4 R
i, ot Bl a WLsh & A e H UL 2 R o 16
7N, VSMC 53 A UL 22 e 4 B 1 BE 2 sk 2, T 48
P P I R R 3 AT A R S B 20 T 1 T S A
% B L3 8E  MGP A OPN %35 Eifl. b
R 2 RAR TR, F I ] R AR AME ARG 77, BT fE VSMC
I R B Ay A R B, R B VIMC & —Fp iR
BHEME, FHIEE G R R IE LS K
YHML. BT 2 E0UES VSMC 0 R B 2~ 5 4R 4%
RRAHHE, [H i, 7645 AR RE B 25 F8 3R B 4 X5 VSMC
TEAS G M) R RIE T R

ASEIOE PRI 5 Fh R A AR BARIRTE RS 4
R VSMC X 5 3 BE B, BT S W% a W3
T H OPN £ P Fl & 24 o H B4R /)N, 1 MGP. SM22a
EWMERPHREREER, HESR K. B,
Fr bt VSMC R BAE %, RATUCA BB AW
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. a s E A OPN AN =MAAE SRR BB
BE T XA R B B ARSI, B Rl BT
W4 R BN & R AL ) SR T AR S s X0 A,
H =506 b AR U AN, RO — RS 58 = BT 52 o

B2, VIMC 52— FR A 5 % 70 AL 40 i, 4 4h
BrgR A5 44X, RIAT M S0 B A ie 4 3R B e A O & Bk
RAL, T RAL L E, = TURE 54T R B AR &
fabr, LSS a Wah & B OPN BIR] 4 2t
Xt HAHATX 5
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