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SLEREL 1.5~2 mm [RGB AT 3 85 7.
1.4 HEFEPCRETE

M FH Taq PCR i3 # (Takara) 173 K41 DNA
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Fig. 1 Analysis of PCR-amplified DNA and restriction
enzyme-digested DNA by agarose gel electrophresis

(a) PCR products of SM22a promoter (541bp). (b) Identification of

plasmid PTSM by EcoR [ (561 bp). (¢) Identification of plasmid PSME

GFP by Sma | (261 bp). M: DNA marker; P : PCR products; 7: Plasmid

PTSM without EcoR 1 ; E: Plasmid PTSM digested by EcoR I ; S:

Plasmid PSME GFP digested by Sma | .
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Fig. 2 Analysis of the transgene integration into genomic
DNA of clone number 1 by PCR

M: DNA marker; C: Control (wild type ESC R1); S: SM22a-EGFP

expressing ESCs.
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Fig. 3 Establishment of EB model

(a) EB at day 6 under transmission light. (b) Immunofluorescent

staining of EB at day 6. Green showed caspase-3, red showed F-actin,
blue showed nuclear. (c) Cellular outgrowth developed from the central
aggregate of plated EB under transmission light.(d) Immunofluorescent

staining of SM-a-actin in cellular outgrowth of EB. Bar, 50 wm.
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Fig. 4 The time course of smooth muscle-specific EGFP

expression driven by the SM22«a promoter in differentiating
ESCs

(a),(c),(e),(g): Cells in outgrowth of EBs under transmission light. (b),

(d),(f),(h): The same cells under fluorescence. Bar, 50 pwm.

24 EBs SMLED FirsRIRIE

T k5 EGEP B 1 41 e & VSMCs,
EMUE 6+17 K EGFP FHYEM EBs. Sl ¢ e 4 il
52 EGFP BHYE 40 g SM a-actin A2 SMMHC %t {4, 1)
JBHTE, F ] SM220-EGFP #: %% ESCs 41 g 4 1
BRI BA P U 0k () 5).

X AN [R5 i) 55 ESCs 43 4k HE 3 () EBs 5K it
RT-PCR 7 #7, BERTHIEL, EGFP A-F-H WUEF
SRR BRI BB N, RIS 2 Py Bz 4n
P SRR S B 1 CD31 A A A R IA AT, 32
JNTE EBs - A B A N B 40 T . A B AR Y
ESCs 736 T2 I EBs R 4¢3 VSMCs 7346 £
AW Al (F 6).



. 346 - EMUFESEYYNIEHE Prog. Biochem. Biophys. 2006; 33 (4)

Fig. 5 Immunohistochemistry corroborated the smooth muscle nature of SM22a-EGFP
expressing EBs

Expression of EGFP in SM22a-EGFP positive cells of day 6+17 ((a),(d): Light; (b),(e): EGFP flurescence)

was confirmed by staining with anti-SM-a-actin, SMMHC, and secondary RHODAMIN-conjugated

antibody ((c),(f), red). (a),(b),(c),were the same cells, so were (d),(e),(f). Bar, 100 pm.
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Fig. 6 Analysis of differentiation markers of VSMC and endothelial cell
(a) RT-PCR performed on total RNA extracted from EBs revealed that expressions of SM22«a and EGFP were
simultaneously seen at late developmental stages.Expression of additional VSMC-selective marker,myocardin was
also detected in the EBs.Endothelial specific CD31 were seen earlier than VSMC-specific EGFP.(b)Co-staining of
endothelial-specific Flk-1(green) and SM-a-actin(red) in cellular outgrowth from wildtype-ESC-derived EB at day
6+17.Bar, 50 pm.
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KHABLR N LA 22 5] VSMCs TS 2 FEE.
KET 5 W a YikRTE, BUE S i T EBs )
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Y TE AN IR RS TR A b R RE 22 A1 T 40 B 1) R

R (&l 9). A FT RS R 1 2 B R v BE A ZE Fig. 7 Photomicrographs show morphological aspects of
il 278 VSMCs the different categories of VSMC cells in plating EBs
’ (a),(b): Spindle-shaped cells. (c),(d): Epithelioid polygonal cells. Bar,
25 wm.
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Fig. 8 Timelapse Phase contrast microscope (PCM) images of Spindle-shaped cells ((a) , arrows) and

epithelioid polygonal cells ((b) , arrows) taken in 4 h with 1 h interval time

The same cells under fluorescence were shown at topright part of images. Bar, 50 pm.
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Frame number
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Frame number
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velocity: (121.52+21.34) wm/h*

Fig. 9 Migration velocities of two different phenotype of cells

Ten cells are observed in each group. The x axe is photoes’ sequence number. The migration velocity is equal to

accumulated distance devided by time(6.5 h). *, Compared with spindle-shaped cells, P<<0.01.

3%

TERFIR RSN TR IR 454, ESCs 4i g v] LA
JE 7] 73 AR SRR ST ) 4 P s 21 2. OG T ESCs (1)
SEMMAG, HRTEE R N ket ki
DR B AN BT AN [A] ) 2 R B 4 i 55 7 Th 45 F
W5,

SM22a J3 8T RIFEAR N VSMCs R 7 HL g
U 5 E E AR A RN, SM22a HTE
VSMCs H3&ih. tAh, S5 a a2, JLshE A4
K 1 (metavineulin) ™ 2 JULEK 85 [ 2 HEM45IA [R] 2
Ab T BT EAR AR, SM22a I B 1P A A,
Sy il CHM IR, Hesold a7 s B 441 bp
1) SM22a Ji3 2 742 LU A B 5L K (1 R A S, X — £

TEASZIG A3 2] T 37— AE s,

Az A B OR, AF EBs B R SM22a Ji 5
TR )3 51 VSMCs 45 71 EGFP ik, #t—2 %
98 e Yt J RT-PCR IE 5K EGFP BH 40 i v] L3R
LA VSMCs R PEAR &9, IE 52X 26 40 g oh
VSMCs, I AN Co LB 856 LA B 26 F 1) 4 Py K
B 5SS 45 R 8 SM22a J3 31 HUE Bl I
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FUUESE.
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Establishment of Clones of SM22a-EGFP Expressing Embryonic Stem
Cells and In vitro Dynamic Tracing of Smooth Muscle Cells Development”

HAN Ya-Ling"™, XU Kai"”, KANG Jian", YAN Cheng-Hui", TIAN Xiao-Xiang", LI Shao-Hua®
("Department of Cardiology, General Hospital of Shenyang, Institute of Cardiovascular Research of PLA, Shenyang 110016,China;
2Department of Pathology and Laboratory Medicine, Robert Wood Johnson Medical School, Piscataway, NJ 08854, USA)

Abstract A murine embryonic stem cell (ESC) line stably expressing the enhanced green fluorescent protein
(EGFP) under the transcriptional control of the smooth-muscle-specific SM22a promoter to further characterize
development of the vascular smooth muscle cells (VSMCs) differentiated from ESCs is established. In
SM22a-EGFP expressing ESC-derived embryoid bodies(EBs), a distinct sublineage of VSMCs could be identified
by EGFP fluorescence. The SM22a promoter was switched on at day 11, and EGFP-positive cells increased
gradually and reached peak at day 30. The specificity of EGFP positive cells was corroborated by RT-PCR analysis
and immunostaining with antibodies against known markers for VSMCs. VSMCs were heterogeneous in their
morphology in plating EBs,and could be divided into two categories: spindle-shaped or epithelioid, polygonal cells.

These results suggest that SM22a-EGFP expression enables the identification of ESC -derived VSMCs by their
fluorescence and morphology.

Key words smooth muscle cell, embryonic stem cell, differentiation, migration
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