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Preparation of rat thoracic aortic vascular smooth muscle cells by
modified enzyme double digestion
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[ Abstract] Objective This paper reports a modified method for the isolation of rat thoracic aortic vascular smooth
muscle cells based on combined enzyme double digestion. Methods An enzyme mixture containing collagenase 1I,
soybean trypsin inhibitor and elastase was prepared and used to remove the aortic tunica intima and tunica adventitia, and
then the tunica media was subjected to second digestion using the same enzyme mixture and to isolate vascular smooth
muscle cells. Results The isolated VSMCs were cultured in vitro and the growing cells had an elongated spindle-shape,
reached confluence within a week, and displaying a typical " hill-and-valley" pattern. After 1 week, the cells were
passaged. Contractile smooth muscle markers (@-SMA, myosin-II and B-tubulin) were highly expressed in the isolated
cells. More than 90% of the cells significantly expressed alpha smooth muscle actin and myosin-II. Conclusions
Themethod established in this study has advantages of simple and easy to operate, and good reproducibility, with a high
activity and purity of the separated cells. It can ensure to obtain a large amount of contraction-type vascular smooth muscle
cells within a short time.
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VSMC) 25 T &yl e 3 fok ok A 4 10 0 0l 45 750 A8
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BREHITK T e, i IS 22 5,
THACE R RS 3 G0 — 33 2 ] A 77 78 il 15 1%
TIEMELI ) 2 3 AR B BUOR A —, R
WFFE R KR BRI, i A 7 — Bl ) %
B H SR A7 VSMC 4385 1450715, Ll /2 B
A VSMC fF 58 TAES AT BT 2
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B TR A L 1% AR E T S AT, A B )
i o0 E A M T SRR g, T A AR T AR
910 VSMC % T5 M gl R L 4a R A

1 #eFn7E

1.1 #
L1 1 SEERH

FE5EE HBSS AN E5 861 PBS \DMEM-FI12 5
BEREFRFL Y2k B Hyclone; 0. 25% B ik & 21 B 7F 1k
W PT G 2 I3 Ok B Gibeo; — AU 8 L il
(collagenase I1 ) | Ji% & [ /i 4170 il 51 ( soybean trypsin
inhibitor) Fl i K i E ( elastase ) & F Worthington
Biochem ; DMSO F14H i 1+ 45055) & CCK8 735114 H
Sigma FNIL 50 22 s RNA 73 Mk 42 45 Trizol 5] |
1 5737 &5 A1 DNase 1( Thermofisher , 3¢ [#) Fll g
it PCR G ( Bio-Rad , 5 [H) ; FE N 514 T LI E T
BB, A B A R S 0 L 15 G2 23 A i R A 4
DAPI 1 RIPA ( Sigma, 3£ [H ) | 1IE % % IgG ( Santa
Cruz, 2 [H) . «-SMA , myosin-II F1 B-tubulin ¥ RPr
(Abcam, & [E ) M Alexa Fluor 594 FHi9e —Hilly H
(Invitrogen, £ [H) ,

&1 SYF
Tab.1 Sequences of the primers
L FFH TS SIYIEPHN(5 -3")
Genes Gene symbol  Sequence of primer (5’ -3")
\eocands roed GGGCCCAGCATTTTCAACAT
yocardm o TCCCCATTTTTCTCCCCTTTAT
) CGGAAAGCAAGCCTGCATT
Myosin-I Myhl1 CCAGGACTCCCGTACGAAAG
Smoothels . AAGGCCATGATTGAGAAACTA
Pmoothetn omin GCACCAGGGCACAGAAAG

CGGCAGATCATCAGTTAGAAAG

Transgelin(SM22e0) — Tagln o TGAGGCTGAGGATAGGT

SMA ot GTGGGGGACGAAGCGCAGAG
& ca GGCCTTAGGGTTCAGCGGCG
GACTCCGGAACAAACGTGAGGT
ibosomal protein S y
Ribosomal protein S9 Rps9 CTTCATCTTGCCCTCGTCCA

L 1.2 SERfdes

Y TAES (i s 1) s SR tE R R
it (B In M RHMAS T 5 40 M 15 77 46 ( Thermo
Forma, 32 ) ; {5 # W {458 ( Leica DMIL, £ [H) ; 5
BEAH %S (Leica, 32 [#) ; Image Lab ( Bio-Rad, 3¢
[E ) ; Real-time quantitative PCR detecting system
(CFX96, Bio-Rad, 3£ [# ) ; Power Pac Universal ( Bio-
Rad , Brhndk) .
1.1.3 SEEshY)

flBRERY) SPF 225 SD MK B, #AFE 90 ~ 100
g, g A U N R BR e 52 56 3l ) W 58 B [ SCXK
(JihH2013 -15],
1.2 FiE
1.2.1 AR ECH

ST b HiT LA HBSS B fif I i 42 4 7l I 10 W
(ZRUR IS, 1 mg/mLL; JBEEE A 4570, 1 mg/
mL; BRI A, 7. 08 pwL/mL) . Fc il 4F Y g 0 & T
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1.2.7 VSMC Fscs 50 32 I3 K] Y 238 43 Bt

B Trizol 171 43 7 24 /i P2 A VSMC 1K B
ALIRARE To 40, $2UE RNA s RNA & 2 )5 LA
SRl G 45 cDNA (B 5 #4175t PCR [ LA
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FIBRE R MESE RS FL VKA I B 38 - BE . LA RIPA W 24
P2 .P3 P4 U4 To 4 i FIl Hela 40, 53501 i &
2 LB 5 B 2R VR B 5 54T Western Blot 43
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) LR ESS 7V S
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it — AR T BT VSMC 8920 Bl 45 . M 3250
JikAE A A BERAT A T AL 45 min J5, A6 P9 B AT 4%
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2 AU Z2 1> 20 i T 7R k0 i i A AR 2T 4T
AR A ORI T A2 e, B B R 1 PO
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PR ML R, AR AR RAL A I B 2 I, T
SE It A5 A (AS (BT 1D) o BlJR DABE g A

LY AT 10 em FiFRILAH, 29 1 Ji )5 P1 R4
JH PR, Blim T iR 24 100 J7

500pum
—

L 2 SN
T (A) BRI ALSE BT BB 2P 4R 20250 VSMCs; ( B) 48 B3R T 6 FLARAY PO ft VSMCs;
(C) BEFEWIRM) VSMCs; (D) RAMEFE 1 JBJS 1Y VSMCs,
B 1 VSMC (5 MR 5

Note. (A) VSMCs tangled with protein fibers at the end of digestion; (B) Isolated PO VSMCs in 6-well plate;
(C) VSMCs after cultured for two days; (D) VSMCs were cultured for a week in vitro.
Fig.1 Isolation and culture of VSMCs
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Fig.2 Proliferation analysis of the P2VSMCs
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TRIGHE R4 85 1 P2 AR VSMC 40 it v 72 A T 375 i 114
LLAADOES R ML F 8 0 40 A VSMC 1 FEAIE
PR M, PR M T UL o-SMA L3 H 220k
ZT e 55 A0 M A b~ AT ) Skt S A R, ML BT 8
) AN OAZ B S5 T I AT DL 5 JE R myosin-1T 38 ¢
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18 PCR 207 1 T 43 25 109 4 i o 4% 2R 0046 B VSMC
AR BE R () IR TEIE . WL 4A Fios, P IR
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Note. (A) a-SMA; (B) DAPI-stained cell nucli of (A); (C) Merge of A & B; (D) Myosin-II;
(E) DAPI-stained cell nuclei of (D); (F) Merge of D & E.

Fig.3 Immunofluorescence assay of the P2 VSMCs
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Acta2 T Tagin WIFIRKF-H] 3G 757 2 W] 36 46 24 Jfd
HEFE SR AR Y VSMC LR Rk, L 2% BIR
WEEE I B VKR I 7 384 7= 4, e BB AT 380 B — JRely
(E14B) , Ul SEH P38 1 fr Sk

BfJFHL P2 ~ P4 X VSMC . T6 HI HeLa 4 fifd i
FHHPEFT Western blot, % = 70 HT 4 i 1 o-SMA FlI

>
)
1

[ Ire

~3
1

FIFFTmRNARA & /Rps9
Relative mRNA expression/Rps9
S
L

—
L

Smtn Acta2 Myhll

VSMC-P2

Il vsvic-r2

Myocardin

myosin-II RIEAHFRBBEE, WA S ix . PiFh R A
FERT AT B K 4t M P AR A — R ik, AfE S B Y
VSMC R IA /K- 25 5 T T6 Fl HeLa 4 i1, Ui
BT 23 25 1Y) VSMC FEAE . P4 AREHATE SR 2 R34 47 11
Wi VSMC e RIPEIR

B, BT B R VSMC 78 5 35 0 2 o
T ML 4 R0 TR i) 5 Y e BB AR FRATTHOAR T RS
IR P4 AURN P8 AR, BT 43 25 19 VSMC Hh A BE ]
FkER 2, K 6 FTLUTE#HE WL, % P4 X
VSMC, P8 fR4fffirh Myh11 4 RNA 7K F 2 T g,
a-SMA ] RNA FA W FIREIRE /N, & 6 b iR

B
Acta2

Smtn
Myhll
Tagln
Myocardin

Rps9

Tagln

T (A)P2 A8 VSMCs 45 3E K RNA 7K 8952 it PCR 43475 (B) PCR P=H1HY 2% BRI B Tk 45
B4 VSMCs 1) mRNA £k H7
Note. (A)Quantitative PCR analysis of RNA levels of genes in the P2 VSMCs; (B) Results of 2%

agarose gel electrophoresis of the PCR products.

Fig.4 mRNA expression analysis of the VSMCs
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Fig.5 Protein expression analysis of the VSMCs
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Note. (A) contractile gene; (B) the gene of transcription regulatory factors.

Fig.6 Comparison of RNAs expression levels between the P4 and P8 VSMCs
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