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(HE] BE FARFWKRE S-BHE (5-aza) BRoMET/N R B BIR) 755 T 40 2 (MSCs) 1.0 LA A B ML 1Y
A RBYE R MY e R, H 10 ml B8, 1.077 g/ml Fiedl HEBERLESBEERAIMEAK
(MNCs) , 56 2 RAGRAMAT FIMA 3,5,10 pmol/L ¥R FE 5-aza fbF 5T 24 h, SR ELEKEF 4, AR RIER
FHREREED desmin LOPHFFENSER D DHRE, RENREFHAROBBEW T, ER Saafh
ZBRG MSCs BAEK WA, HFIEMEE 5,5 M 10 pmol/L AR R B W E R, BAEREH, BER
A 36% M 31% , KRB EHER ;3 pmol/L 4 LR M AR /D 3 R BE K3t B 4 BB 4y s B & 2 51 A
(3.81£0.40) x 10°,(3.76 + 0.62) x 10°,(3.67 £ 0.80) x 10° % (2.90+ 0.21) x 10°,10 pemol/L 4 3§ 51 3 & WA B )5 18
(P<0.05), SAFERENLAMIIYEKRAEHD, SEALRR desmin K cTnl FiXFH,5 10 pmol/L AHHEEE T
BB 0 5 0N R A LR AR i B . 4518 /DEUSE MSCs 48 5.10 pmol/L 5-aza f62E 3% 2 W] 4346 .0 LB
M, FH 5 pmol/L 5-aza ANAXAT LA F0 LR 40 T EL X 40 M 3 58 3 BE R W /S

(X8R)] BEm ek T 400 O M40 S- R T
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[Abstract] Objective To investigate the potential of differertiation of mesenchymal stem cells (MSCs) derived from swine
bone marrow into cardiomyocyte-like cells after exposure to different concentrations of 5-azacytidine (5-aza) in vitro. Methods
Ten ml of bone marrow was taken from swine, and mononuclear cells (MNCs) were freshly isolated by 1.077 g/ml Ficoll lymphocyte
separating medium using density-gradient centrifugation. The 2nd-generation MSCs were exposed to the medium containing different
concentrations of 5-aza (3,5,10 pmol/L) for 24 h for induction cellular differentiation, then cultured in complete of medium for 4
weeks together with control group. Desmin and myocardium-specific cardiac troponin I ( cTnl) were examined with
immunohischemistry on day 28 and the ultrastructure of induced cells were observed under electron microscope. Results The
MSCs were enlarged, lengthened and closely arranged after chemical inducement. Multinuclear cells and myotube structures were
found more in 5 and 10 pmol/L 5-aza treatment groups than in 3 pmol/L and control groups. (3.81x0.40) x 10°, (3.76+0.62)
x10°, (3.67+0.80) x 10° and (2.90 + 0.21) x 10° cells were harvested from 3, 5, 10 gmol/L 5-aza and control groups
respectively and no spontaneous beat was observed in all groups after 28 days of culture. The proliferation slowed down obviously in
10 pmol/L. group ( P < 0.05). Immunohistochemical eramination revealed positive expression of desmin and ¢Tnl in 5 and
10 pmol/L groups, but no heart-specific protein was found in 3 pmol/L group or in control group. Transmission electron microscopy
showed that the differentiated cells had myofilaments, atrial granule structures and crevice connection between two cells.
Conclusion  Purified MSCs from swine bone mamow can differentiate into cardiac-like muscle cells by 5, 10 pmol/L 5-aza
inducement in vitro and the 5 pumol/L 5-aza has little effect on cell proliferation.
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LRI, DK R B A -8 3 8] 7 5
T4 /8 (bone marrow mesenchymal stem cells, MSCs) {4
52 5-BHBH (5-azacytidine, S-aza)¥5FJ5 A ML N
2oL O JUL 40 B 45 ) K2 v A ERRE A 0 LB 4
Jal -3 A2 0 B B A R R T B I BRI
A, T BARSMEAE 55 5 B A 0 VAR 89T
RERTFARELRNAM, EZERATRHANA
AR LA I A TE R, I R B AR B A R0 &
XA AR A BB LA EE,

1 X&5F*&

1.1 ## NESE . 4~6 AR, IKE 22 ~ 35 kg,
HERRR, %% B BB LR 3P0
1.077 g/ml Ficoll #f B2 40 M 73 BS W (KR A &) )5 1 x
PBS; Aif &; DMEM-F,, ( Dulbecco’s modified Eagle’s
medium-F;, ) 3537 3 (Hyclone) ; i 4 IfL 75 (Hyclone ) ; 5-
aza(Sigma A 7] ) ; — 3 K BPISE desmin B 3T REHTIA
(Sigma A 8], 150 MR ) BN O WU S LS
EH 1( cardiac-specific troponin 1, cTnl) ZREHE
(SantaCruz) ; TRITC #3128 £ 50 /MR TG (L5 1L
YA E]) ; FITC SRIE B RAITE G LAY
YNCID

1.2 F#k

1.2.1 MSCs iy BS B 3tsf &M FRUNYSE
B M, PBS 1§ U, DMEM-F,, 3 32 B v, w54t
¥, BHEN R A ik, % & DMEM-F, # %%, 200 H
TEME 38, 2500 rpm B> 5 min, 3 _EE K AENE,
DMEM-F, 35 FEE R N R AMME W, BB HE
1.077 g/ml#] Ficoll 4} BS¥ L, 1500 rpm #§.L> 30 min,
B AR DL E AR , B YRR, A SE 23 57
. (DMEM-F,, + 10% 4 L ¥ + WHL A 100 U/mL FF
HHE R 100 mg/mL EHER) TR, % 2% 107 /e’ ~
3x 10 /em® R EERP T 25 ml BBLE P, BT
37°C,5%CO, ARFIE B S AE 5%, 72 h B3,
2~3 dHWB—K. 80%REAHT 0.25% KB E S +
0.02%EDTA 1k, 1% 1:2 ~ 1:3 LB REHER,
1.2.2 ZHRHH S BIREESN IS,
10 pmol/13 4, Xt BRI 2% P 58 2 ¥ SR BT 7, B
F 24 LA 3 fL,25 ml 35 MRA— M, 5 SR ARl Y
K4,

1.2.3 fe2ESa BUE 2 R4k i MSCs, X
2% 10Y e’ B M T & 6 mm x 6 mm =5 H 1Y
24 FLEBRIEFEAR T, BAMNA 2 % 10°fem® ~ 3 x 10°/ent®

MR BERERN T 25 ml BB BE SRR . R 414 A1
A 3,5,10 pmol/L ) 5-aza, %5 24 h G H KiFEFH,
PBS {HUERIIK , BUHSE2IG SR E AR SE 1 37 5 X R 414X
RSEEEERE, 8 2~ 3 d B—K, 4 BT RE
ALK HBELEE,

1.2.4 AEDBHEIHZINE FEIRELRAH
8 B B A 2= B T B R e AR 41 U
1.2.5 4R E B 4 FANERRH, %K
BB T TS E B desmin, cTnl BRI EE
Eo AT ECR A PBS RE—$i, IEL RSB
WA BAR A AR R AR B TR,

1.2.6 BHEE M LAMBIMEH WS-
aza B T 4 R A R, 3% L B8 4°CRIEE 2
h,4°CF PBS-REWEZZ nh ¥R B UE 1% RIR )T B 2 W [
Sk R MK, 100% R ER &, LA A
8, ULTRACUTE/S Y] K LY K, B 60 ~ 70 nm, B
R # LS8 10 min, FEBEBRAS 54 5 10 min, Philips
EM-400T/Philips CM120 345 M1%% ,

1.2.7 GEitERE PR & + s 7R, SPSS10.0
GRS, 4 E) L ECR AR XY « K5, P <0.05
hEREBENE,

2 & B

2.1 MSCs #9335F I ESHEAMZAINIEES 24 h B
/B MSCs EREAE K, 36 ~ 48 h P BRE 4~/ FikE, 72 h
Y TR K, 7 ~ 10 d JHRRTVEEERE , A A — K
WK, HEIHAE 3R 1.2 ~ 1.3 Wl e, (54040
FOAE A HE BN S HEIRRE , 394 3 d A 4R 70% ~
80% Rl &, B F 3318 (6.2 £ 0.11) x 10° 4> MSCs,
10 B BEH, IEHAE RS 3 QR K75 (3.8 £ 0.6) x
10° N, SREEHEFR AT 2 10 (R, A RE IR
KAetE, R W B ZME(E 1)

B1 f£Z 1 R MSCs i HE 3t
TR AR K
FRPE, R LA R (< 50)
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22 ARFERRETHER SXHAMN 5-an BT
JEARATIE K B, B PATHES, HEFEE I B
#I WA R ERGEH, LA 5 F1 10 pmol/L
FREALZI, BRH 5N 36% 1 31%,3 pmol/L
FHURI 3N ZRAE, RAPEREN, £HS
S 4 AR B R AZR. SXTHAML
10 pmol/L 414 U3 5E B BE WAS , 4 FE UG 4 3 A AR L
B R/ TXHEA, P <0.05,3 1 5 umol/L 4 53] HR
HHETHEER(E 1,E 2),

R1 HEEHEEREENR

#HF BEREE o’ 4 AR x10°(1)
popiEch 2.41x10° 3.81+0.40
3 pmol/L 4 2.55% 10° 3.76+0.62
5 pmol/L 4] 2.52x10° 3.67+0.80
10 pmol/L 44 2.60x 10° 2.9+0.21°

HSX AR, P<0.05

23 KEHBMER RERGCREAETRSM
10 pmol/L4 1% 5/ 28d 4525 H desmin (£L 238 0%) X
Tl B BH 4 (4R 60,98 0% ) 5 0 B & DL PH 44 40 Hia
(B 3),

24 #EHCELER HXNEAMILEET 5.
10 pmol/ LA )5 28 d, 41 K, B ETE, i

LT

2C

KHNTEM R, AL WL, B 20, 3
AT RO PR 0N , /05040 1] R 048 B354 82 , 10 pumol/L
TG, 3 pamol/L 2 o 37 IR 40 20 B ok D5
A (E 4),

3 i it

HAF BB SEUE 32 BRSO LA LA 2 K At
SMa”, o BA SRR R AR IO DAL R |
FETJR , O WA O LR P A, PR DX 3
VS A IE X RRRALA BN, RAIFEL
JIEE, TR AT LU BA S s hRE Y
LA E s R S AL B e R
BAGTT LWL , B — VI SE AT AT 38 i kO AL
LT ¥ o

B SER R, MSCs BEZME AL LRI A B2 3821
LA UEMAERERTEROE LR, Bk
MSCs 23477 0 L B B AR RO T A R U7
MSCs [ L LA S AL B B S B FE AL 22 B A
HAWIEER, Kb LML FE RN S-aza BH o
S-aza Be— R F ALY, B BRTCY IERME—H
MSCs 34 0 FIAE 41 A A 8 A 2 A 5, 35 HLAG
RARBH T, AT BE- LA i 10 o LS B R 0 3l
RN FHEBESSE, HHE R R AW

2B

2D

H2 ZRARMNBRAFRAETER
2A MERA ISR 3 RS AR /34 ( % 100) ;2B 5 1amol/L 5-aza #5'% 3 JA /G401
HEBIEEF, 73 X (% 100) 5 2C - F AU ML H BLZ AR ( x 200), M DAPL B {5

2D S A ALE RS ( % 200)
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3 5-azaifB/E MSCs REANLER

3A desmin H4 65 fHHE, 21 B9 ( x 200) ;3B cTnl Fefa fHH:, 2265656 ( x 200),3C desmin X cTnl BUbR B % B8

('x 200)
H4 SaaFSERIREAMSCsHBEER

4A AAHIREA G b AL AR GEH , A0 OB OSB3 B, A O M (N) B AR B ( x 28K) ;4B MUK P9 HAE
WULL AR Bl S JBORL( % 35K) o 4C Xt BRAH FL BE A 0 L 22 R0 5y B B %5 ( x 28K)

AL, S SR RO AME™ o 1999 4F , Makino %5
BIRTER S A AR BE (3 pmol/L) 5-aza 5 T/ R
MSCs ZMb k7.0 LA A, 15 35 43 4h 35k R A%, STRRHR
WEHE30% ~35%" . AP, EHERR, /M
¥ MSCs £ ZRER, VR FEIEA KA, R i
B A KIMHE, 5T RA AL, BT 3,5 110 pmol/L
3MARI S-aza WKW S MSCs HEL BB BLAR,
UGHAZ W, TH 5 F 10 pmol/L HYEEE T W 1AL
RGBT MBS B L0 B R
BERERF LIRS H, I EFOIRREANE
Bo M 3 pmol/L HAMUK H B ERGE A, i H
K ELO R EE; 57558, 10 pmol/L ¥ 4 40
Ha S MR AR YR 22 L, A R B, T2 VR B X 4 2 3 5
AR, 5T 4 S UMY 1 o B P B8, 5 A 10
pmol/L¥RE 5 MSCs H5 R L HEWBBLR, 4
H 36% 1 31% IR EHARERE A FE, 7
HArh ik, EMAESE M ARBHEESETRAES
MM EUEYE A 42, Bittira 25 75 K BUZE O BRI
Ja 3 F O LB IR AP E ST 5-aza AL 38 B SR A0 38 K
MSCs, ZBU 5-aza 420 3 f) 40 iDL F 7= A W 2 B LA
AL, DALVRE AR RS oTnl Yoo BAYE, B 10
REWFIER DA R, BT i MSCs 7]
BB ERE A, H 5-aa BRMNYAMBERF O

P RTRITARIE , TETE S K I R B 5 RO LA
BHEE—EER, BEEA O UAMEH W48
FRPE S BB NG RRBF AT, BRI e b 40 e R RBFR L
FEAHR” GFAREIEROUAIME, H T MSCs B8
RTFHEIR, HREA FE R Y 1M MSCs HEAE
FEC LI R, MRS 2 S SR B A i ) I 0 UL 40
oAk, DA 388 S0 40 0 2538 20 S A LY oF 1 35 B AR
P 5 I 4 40 B 06 R 3RS AR B R R VT . AR
LI EERIRIR , 5-aza YR X MSCs AMEBES RO AL
FELARRR" B0 , 3 pamol/L ¥ BE AN T 1600 UL 48 i 43
Ak AR B (10 panol/L) AN BB N5 S B R T
WA AT I B R, — AR 5 R AT A
JRCR, 55 — 5 T AT RERY R A 9 R A 3 5 i
Spmol/L AU RE SR FF— € R 538 , [l Xoh 400 o 486 7
SN/, BRI 5 pmol/LL 1) S-aza J& MSCs [0 LAk
BAE R RIS SWE.
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SRR EL W (DR R SIS (2) 31K
SOREREALAE , S 0o , TSR IR0 3l B A B AL B Bt T FR A
B4l (3) M ELRE B

PHE : REMIEM MR —Fi D I B R LA,
FRTFhBERNE, FHRRER 64 5", FERELRE
HYEMBE QTR T M B, LUR BT R 2 4 MM R, A
W R 5 A E DO RERAS AL E ME R FRAE, R
RIRTRE R RS EIOIRZRIELTE, ¥EO B
WEER LML, SR ERSRE MY R, FREH R
Bt 5 VBB PR MR, TURT VB B LR A 52 R
oM ENE, PR R R TR 0% B AT E X
R, FEMPEE AR BRI R A ARG, T
5374888, BREARLMTAEAS, KEAR—, H#2 8~ 10 om,
XEMPEXX R ESEH. ZEAEEFENFRE
(ALEAMFERHE AAA)EARE, FiE LSRR
PR T AR E. AL EAH TR A b
FSCTEMAEE Y, TT AA B 1 W TR TR A 1, IR
SERRETBRERI R AT T LA A o 2 W SR e o R 4 B
B SRR R ERACN ALER, (TRIRD
Refo RRELLE, TIABRMRPA G RE A AA A, A
Bl 64 % F kB, 4 B S MRS Y 0L R BE D () I Ji 9L
R EFERBR AP W IR L GUE S R AL B F I EEY)
B EARER A D R R R B R L. ABEMT

AU BRI A A B O, A L SR TISEL,
SEBEAFASRELEREHITHREE. RN
WHYFEARKNHR BEVR, ERRAZREK, B4
FREIS T L BARRETE A SR B R A, X R L LR R
MEHEHARE M EBROFE. RESHAL ¥
BAREHEARBMERHES, BREEATRT RS
BB R, LIS 2 A R S, T R B R —
ARG BEI TR . ARG 2, SREREZ BB
AR SR HAEENR 2 6 . BaTY EEE AT
TR BERUTHRANE , MEEBRIEM.
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