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[(HE] 86 kKb pwmadith A5 5 R AR (MAPCs) , 15 3o b WL R £ o010 5 40 0 % 4136 77 0 LR B W7 0.
FH I MAPCs B BT CMERNTTHR, TE :REEIRFTHRXABETEBTOE S BRREAZ 4047 W E
Bk W R IO 4 M0 3t CD45 . GlyA B sk sk 1l 0 8 (MACS) 2 B tH MAPCs; # R BEE LR BN E 2% B A E 4w R
mENEE B A AE R ENARSE 10 pmol « LR E 5-A XM HF G-z EHF 24 h B BZHEBEHEAF R EN A
MHAT A I HEF T B I MAPCs %4 F 0 BLAE B30 A, W at 0 Sh i by B & B L. 4 & : MACS 4 3% %1 & MAPCs
WAE N AR (96,717 %, (96,012, )%, T B E Z F; R CDI5 GlyA™ @HAE AT 98%. » % k1R
MAPCs & 5-aza S 5 . B ERET L ABENH AL, WS HE LT QNFERR 4 B 5, MAPCs 4 & £ 4 2 % .
EEWNBEZHEE LAERGEHEEHER UREQCERZAEN EAAEE (dp/dD) . A B H FROFAEA 4 fux & xt B4
(P<C0.05 % 0. 01) B FBRFRLAP<0.05) ;AN BAGOEEAAML T EL 2R, SR MACSHBH M ELE
A MAPCs B E Scaza B R RS A AEE AR . ROER AMANE TGS MAPCs B4 5 20T # .,
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Differentiated bone marrow-derived multipotent adult progenitor cells in treatment of rabbit cardiac infarction

WANG Xiao-hua', WU Zhong-hai'* , TANG Li-jun® (1. Department of Physiology, Southern Medical University, Guangzhou
510515, China;2. Department of General Surgery, General Hospital, PLA Fuzhou Military Area Command, Fuzhou 350002)
[ABSTRACT] Objective: To study the biological characteristics and the differentiation ability of multipotent adult progenitor
cells (MAPCs) in vitro and to observe the clinical outcome of MAPC differentiated cells in treatment of ischemic heart disease
(IHD) in rabbits, so as to assess the feasibility of transplanting MAPCs in treatment of cardiac infarction. Methods: The bone
marrow mononuclear cells were separated from volunteer bone marrow by gradient density centrifugation. The mononuclear cells
were separated in CD457 and GlyA™ fractions by magnetic cell sorting (MACS). The viability of MAPCs was assessed by
trypan-blue assay and their purity were detected by flow cytometry. After cultured with 5-azacytidine (10 pmol/L) for 24 h,
MAPCs were subjected to transmission electron microscopic observation. The myogenic cells differentiated from MAPCs were
transplanted into the myocardial infarction sites in rabbits and the improvement of their cardiac function was evaluated. Results:
The viability of unpurified MAPCs were (96. 7+1.7) %, which was not significantly different from that of the purified MAPCs
(96.042.4)%. The purity of MACS-sorted CD45 and GlyA ™~ cells was >98%. Thick myofibers were observed by transmis-
sion electron microscopy after induction with 5-aza. Four weeks after transplantation, the left ventricle ejection fraction, the
movement extent of left ventricle, left ventricle systolic wall thickening and dp/d¢ of rabbits were all higher than those of the
control group and cardiac infarction model group (P<C0. 05 or 0. 01), but lower than those of the sham operation group (P<C
0. 05). Conclusion;: The human MAPCs can differentiate into myogenic cells in the presence of 5-aza. The cardiac function of
cardiac infarcted rabbits can be improved by MAPCs transplantation.

[KEY WORDS] multipotent adult progenitor cells from bone marrow; cell differentiation; cell transplantion; myocardial
infarction
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41 B 55 5% FE K e S RGP 4 B (magnetic activated
cell sorting, MACS) 43 5 ¥ iy 54l I, LA 5-aza Xf
HE A7 m g5 = v 4k, IR 15 5 )5 19 MAPCs # 18
T O U BE AR AL L WF 5% HE X0 JE 2 BB T P17 1O

1 MBFFTE

11 A (R A B B8 H I DR 4R (&2
WAC RS 5y 23 HE ) 5 I 33l R 38 75 == K 4R 50
H,2.5~3.0 kg, R 504 XA M A BE 3 9 55 5 b
O FRAE s MAPCs 85 9% 5 [ il (I0FF DMEM, MCDB-
201, JE 8 VR EREE (1 L AR U 1A L b ZEOR A G
HEBABUIR A 2-B R &, W R L A% = BE G S ; Fi-
coll,5-aza(Sigma 22 ) s /NRPL S CD45 . Gly-A i
A 1ML (Gibeo 23 8D s £ 4T B 1gG-FITC,1gG-PE(f#
XN ) 3 CD45, Gly-A cell isolation kit, MACS &
SE 37 . BA R 3 B AL (Miltenyi 23 ) 5 7 2K 40 g X
(Beckman 2% 7)) ; CO. & 44 . K IR 5 .0 Hl (Heraeus
IS HD R 2 8 75 2 WY (Philips 23 F)) s FL T
B P 0 MUBE (Hitachi 24 7)) 5 £ I HLAE S5 50 3R 48 (A
#B8 BL-410)

1.2 ABHMENM@IY KRAER  LIHKW
F By 2 R4 A R B A B B N B E 5~ 20 ml,
EHHREDE WYY 2 500 r/min, 15 min % & B E =
O, FREUE B A & 40 i L1 < 10 m A A il By
MAPCs i 72 51, 37°C L RNE B2, 5% CO. 7 &5 44
HELERE SR 48 h BRI .3 ~4 d WK 1 WK, FF I BE
21 32 30 T B RS I L 0. 25 %6 MR I O Ak B0 W AR
BN T, Ak 22 1 AL ARG 3R O MACS 43 18 A 1
#.

1.3 MACS % % & MAPCs Frifi Buffer 5 &40
J LA Sl 1< 10° ~1X 107 /ml, % 20 pl/ml kb
BN CDAS 4 BIREER . 6 ~12°C M F 15 min, PRI,
B AN R FE B B b, TR S B A
it , 45 B P 41 B, 300 r/min, 10 min, & .0 15
CDA5 ™ 40,1 ml bRk Buffer #f CD45~ A H &, %
20 pl/ml 4B BN A Gly-A i eE 2k, R
IR CD45 LGly-A~ MAPCs 41 jid

1.4 ik JE R & Ay o ) T Fm fm e 4 5 64 A )
141 #BELRBMNE@BEESH  FEHLE 10
A B BT (X 200) 314K 100 A4 3 i f5 B0 40 L
THECHE RIS AR e A M T o5 | 4 E L T MACS 43 ik
HIJE 4 636 ) (40 M A7 0 R . 40 i 3 k. 4n i
B/ ml=4 D KIFH B/ 4 X 10" X T B8, 4

WG = 0.5% #EREL AN / 100 440
i / HPX100%,

142 RARGEENEZrHFAREE Wil
Buffer ¥ % #£ 1, 300 r/min, 10 min, & O I 4
CD45 ,Gly-A~ 41 jfd (MAPCs), 3% L5 5 mA —
PL(1 = 500, CD45~ [ Gly-A ™) 45 300 pl, 1A, E il
SR 30 min., #nE Buffer YEE WK, 3 L, N
1: 5040 500 ply #8830 min, #57fE Buffer ¥t
Ve 2 LN 1% 22 B RS X — L Rk B EAT
SINT . — PR RN TgGa 16 A B X JE

1.5 MAPCs 9K 3# KB GHFF oL
% ZMACS i ¥ i f# MAPCs % % N 1 X
10°/ml, W BE i 22 A2 ARG % . R 2 AR, A 10
pmol « L™ "¥RIE 5-aza HANMILIEE .24 h 5 K
TN 5-aza B H BB R ERE R, BR5
10 d, oAk 4n i , 325 5 i B A A 0 48, W2 A0 i N
ML FE,

1.6 ZHahmorBrEREs LRI N
4 AB R 12 B ARFARA, O NUBFEA AL
MAPCs B, 25 XA, BRI F AR50, HAh
25 4 45 $L 7 6 AR Bl KR R S ST 0 JILRE B A
A, 1S MAPCs B 4 R lUf 5 5 1) MAPCs
Y0 A A 4 A 5 B0 IURE BE fe A2 = T RE L A5
Xof R CZH 1 5 A5 R BRI A % 3R L 0 LA BB AR
RV R 4T MAPCs AR YT AR T R4 H I, A
45 FL MR B0 Bkt R AT H At Ak B

1.7 FRATBERsHeynl g B EEES
O T FAREE AR 4 85 53 5 D 25 41
Bl 72 = 5 I 43 8K A = I BE S Bl R % A I
) = BE BE JEL A IR B ) A M A e KR ) b
FHECR (dp/do).

1.8 it KM SPSS 10.0 Goil M, LK
AR ULzt Ron, W F VR I R S AR A ¢ K
5 .,P<<0.05 N ESFEAG IR L,

2 # R

2.1 AE R EAN B 5 ik e MAPCs 19 3
o R 2E WU T SR AE AR . WA 0 B B R
AAZ A0 A 52 (B BROIR A R TR TR R D L A D
M2, 48 h 5 48 v 2 o Al 5 BT 4t L B8 T ke % 48
KREWEER A E R, B g% 1 A A i, 10 AL 40 Jifg
FEAHH R
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A3 B4 MACS i 1 /i 40 50, 7 35 5
1X10° /ml Wi BE 28 B 7T 4332 11 29 (5 ~10) X 10" /ml
B 9 MAPCs, Wi % 9 MAPCs. ¥ 3% 24 h
P BT D s R 240 L B E S TS 0L 48 h S 4 i
AR RE B 4 8 R S, 20 TR 2SR B R 3 T 4 i 4
T RE A K, SRR Y (H A0 i 4 s L G Al
KAVANL, 2 5 d J5 A 40 5 B ATDE B, F- 3 9~ 14
d B 1 R IR AR 3G 5 AR A i BOR 29 B3k E 1 X

10, B P ALK RT3 L i) MAPCs 2
MR ERE RN E . (B 1A1B)

A

1 MACS fifi 3% Hl B9 MAPCs
FER(A)RE 6 RK(B)EKES
Fig 1 Morphology of multipotent adult progenitor
cells purified from human bone marrow by
magnetic activated cell sorting( X 100)

A: Primary passage; B:The 6th passage

2.2 mEANS R M A EG AR LR MR
W AR Y 50 TR B4 TS MAPCs 19 48 Ml 1% )
CHRFRLAE 35 %) 43 51 ol (96, 741, 7) % F1 (96. 0 &
2.4) Y0, 2 B 4y 3% W S A0 M TS ) oK OF 6 B G ek AR

(P=0.05) , it =X 40 M {CR I 3% 41128 MACS 43 3 3k
By CD45 (Gly-A~ 02l KT 98% .

2.3 # ¥ MAPCs BB A& MUK £ 10
pmol « L'V 5-aza 534557 10 d J5 LB WL %S, 40
JiL P AT DL K = R R L 22 (&1 2)

2 5-aza(10 pmol/L)FF 10d 5
MAPCs i 5f F8 $% Bl
Fig 2 Thick myofibers in MAPCs 10 d after

5-aza(10 pmol/L) induction by transmission

electron microscopy( X35 000)

2.4 HHBREIHAfCHEEMNER BT
RTC 1 BIZh P FE T, O A A 2 Je 28 1 %) IR 4 5K
TR 5k 16.67% ( 2/12) F18.33% ( 1/12);
MAPCs BHIGIT4 R 16.67% ( 2/12), & 46 TG
WEES,

2.4.1 AESHEMNELER ARG 4 A, MAPCs
FEAE A 72 % 5 150 850 22 S A BE S B i L A2 S IR AR
) 2 RE 348 JEL A 2 W W) R O R AR 2 R S ) R
H AT T ARLL (P<C0. 05) 5 1M1 25 1 % I8 20 5 .0 48
BERIZAA L I 25, BiRILE 1,

x1 FAFYOIHERNOIEETL

Tab 1 Cardiac function state in different groups

(z+£s)
LVEF(%) LVFWSD(//mm) LVAT(%)
Group n pre- post- 4 weeks after pre- post- 4 weeks after pre- post- 4 weeks after
operation operation transplantation  operation operation transplantation  operation operation transplantation
Sham 12 64. 8+ 63. 9+ 65,4+ 2,73+ 2.81+ 2.79+ 31.7+ 29.6+ 30. 8+
3.3 4.9 4.8 0.31 0.22 0. 32 3.2 6.4 5.3
MI 10 63. 6+ 39.5+ 40,2+ 2.93+ 0.95+ 1.10+ 29.2+ 9.6+ 10. 8+
6.2 3.9% 4.7* 0.38 0.31% 0.41% 4.3 3.2 4.7
Blank 11 65. 7+ 38.2+ 40. 9+ 2,72+ 0.97+ 1.06+ 28. 8+ 10. 2+ 11. 7+
2.4 5.6 " 5.8% 0.42 0.31 * 0.34 * 4.8 3.9 4,47
MAPCs 10 62. 8+ 38.84+ 51.94+ 2.83+ 0.98+ 1. 88+ 30.9+ 10. 7+ 21. 24+
3.5 6.1% 5,774 0.47 0.13*4& 0.29 *& 3.9 4.5% 2.9 4

* P<0. 05 wvs sham group ,” P<C0. 05 vs MI group. MI: Myocardium infarction
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2.4.2 WEBAFAMER LEOLENERKET
EFAHREp/do) B R WL RER — W E B .
D VSR RE I SR IEAH O, 4 A G 45 A7 16 sh .0 JF
ML B 7 2 K 25 51 R . MAPCs B A4 I F R
A OFER ARV RN ZS X R dp/de 43R 5. 62+
0.53.7.0240.38,2. 98+£0. 57 il 3. 01 0. 43,
MAPCs #4816 97 41 B 5 (5 10 BE AL 8 2 )2 28 1 %
MZH(P<<0. 01 R TR T AR (P<C0. 05); 1M %5 [
X REZ 50 AR RUZ A L TC 25 57

3 4t i

O LAH M P2 36 7 O LA B8 2 — iy AR
GF B 77 05 DR (G ) B W4 Dy BE A A A0 LA
JRLIZ IR TT 28 FO LR 00 Bl & BRI iR . AR OR
T4 R B A O WUAE BE (9 36 7 B A T — o L
MSCs AT LA 434k hy [R) E J23 11 B 4 4t i i HL 7
FEAE N OL T i ] 5 R R A4, O 2 e A Y
TRMEZ —, H2, T MSCs &4 2 Fh 4 i i1
B A FL W 9296 Kl PRIT RO A S AR, Rt 6 4%
— il B A E — I R AR Y 4 MR YR R T
200 RS A R I S A X — A T I R F
5% B PR N ) 2 A R L B 22V A AR A 41 i
(MAPCs) AJ 3 b B ¥ 0 28 3545 L 2 MACS 41 B
HBET CD45.Gly-A FHYE: 40, I 2847 7R 40 85 7% K&
PHERARY . 5 MSCs F ik fptE—3(" . & MSCs 11
—AMERE R AN AT A R S0 DA ELERA S
JV i 1 240 AR ARL %) 53 Ak BE T L A AR I8 S RT i — 2P
534k R 2% T Ty RE 1 18 A A A I B4 4 i

A BIF 5 G o B ORE BB BE B 0H WG RE KR SR G
B MACS Zr ik ik 3 8RR 1< 10° /ml il BE
M AT 1k 2 (5~ 10) X 10Y/ml B %W
MAPCs. 7 S8R & T H A — Ao 9, HE UiE
T LR 5 45 JLE W MACS 43 26 157 J5 09 40 i 1% 1 )6
HH 00 A 5 9 A R O 5 2R R oy R Y A i
LA OREETE 98 % LA b, BEME S R (MACS) 4
Ve B T 20 M Y 32 SRR 40 A A G R
P MACS Microbeads (MACS 3 I #i Bk ) 5 4 5+
PERI BRI L AR 5 38 1 — AN A 58 AR A2 7 P i Ay
VEAT , 43 A FL ) R T 3 R — A BB G .
PERRIC Y 40 BA 7E A B R B bR 10 B 40 i T 3
. MR R IS L U R AR A Y R M AR
20 i 55 T LA P Ok L iR B R A b i B L

JINTE 3R T BB O 3 BT AR I A T R — 25 S g
NS A R, SRR, B R
FAA B R B Al AR

TE CD45 ., Gly A 5 13 Bk A ) 43 1 B B U5
MAPCs il |, FATLL 10 pmol/L W EE Y 5-aza 4b
AN MYl B HERBENELE TS 10 dK
MAPCs #8254 & A 8 2508 1 240 i N A L2
Tk I KRR L2, XU 4 iE S0
MAPCs B FAL B TR, 5-aza A2 i W5 e 1%
TR, T LLRAC M 8 0E 4% 17 2 5 DNA S 8. B
WS AR B AL AT G838 i XF DNA H — 2 Jifg % i
A 2 W L ol 4 ) 0 b A R R R IR 1 B i
BB 4 B 5 PR 25 HH R AR T & AR A R Rl AR R B TR
Fe Ik LA HE A 1 F L AT 6 MAPCs i) L
4 ja 75 ) 43k

HE— 2 TEAl 20 M B A O T BE AR 1E, R B G
KA U SE A IE RS A MAPCs J5 dp/de 8B 1l
U R L U B MAPCs RE 9% W 58 ol 3% .00 AL
FEE 2 W) .0 B g, A AT L AT RE ML HI AL . (D)
MAPCs 434k 1 JUAH B L EL A 4w 0 e i 170
=5 RE 1Y L ) . DT BR A S8 Ji5 IR 0 4L B 5K L B
W CEER, AL, A7 i RS A A B ) A2 = I
AR DI RE I 46 AR (A2 25 W0 4R ) 55 BE g T 56 R A 5 ) e
iz S B S 5 D AR I AL 5 5 (2) MAPCs 4346 O
JUURE 40 3 7] i 32 200 6L A B A T B0 A 0 LA 230
AT A ELAT WS 45 2 i 1) 2 R A B0 R AR AE L
i o oiee ., EZEEZ M T MAPCs, 325 5))
Yy {0 T RE AL A 8 AWK 2 E R R P — O T ap
[P 2 NIV E T O NS R e X (1 N R B e WY
LA P S AR AR GF B RR B 5 55— D5 T 4715 5T 431k 1) 4
L IT R 8 58 4 B AR O 2 W BE S5 IR Ak 1 21 21, B
A 50 A0 R A 8 AR IR L WA N 1 P R T
. IX e ] B RE o — B IR A B R
W,

RIFFELERIESEL T MAPCs £ 5-aza 55 5 7]
1] LG 4 B % Ak L 28 0 5 3100 WLARE B 4 22 =5 i
J5 REE W] S 5 O Ty B L AELIE A7 AE WA i — 20 4
Hoo LN i Ak e 01 A SR B A0 A ek B A
B DA R e i A 2 A7 o Ak 2 e O PR TR YT R AR
FHFIRIT R AT AT 45 ), 30 5 AR &2 | O 40 3
TAE,
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