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RE: B B3 m UL 5.0 UL M AR IR R S R X B B 1] 58 i T 48 i (bone marrow mesenchymal stem cells,
BMSCs) DAL EEIE R FiE 2R A LR A O L BT H RO WL M R, B RAE R A B P 0 B 0
7 BMSCs, 73 A Xt MRA4H (A ) B IR 2 (B 4) O LA R AR 2H ( C 2) MBI UIRL A7 + O WLER MO B A 4 (D
#) . H RT-RCR.RBEHIMIALF G AN Western blotting £ 7% % J5 BMSCs .0 HLAIMIAR R F FIRIE, &R B,
C.D AXFRRC AR E TR mRNA FIEH , D AXXHER T BAK CH. &Hit FINHS50NAMER
SRR O FH T LA BE 4 b5 = BMSCs AL 0o LR D, A Bt A e PR I FH 421 40 ML, 7 B T A ) S B A8 )
BRI,

KW : YIRS ERER R T A LR ik
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Research on cardiomyogenic differentiation of bone marrow mes-
enchymal stem cells induced by shear stress combined with lysate
of myocardial cells

HUANG Yan, FAN Yu-bo(Key Laboratory for Biomechanics and Mechanobiology of Ministry of Educa-
tion, School of Biological Science and Medical Engineering, Beihang University, Beijing 100191, China)

Abstract. Objective To investigate the effect of shear stress combined with lysate of myocardial cells on cardio-
myogenic differentiation of bone marrow mesenchymal stem cells (BMSCs). Methods Myocardial cells isolated
from neonatal rats were lysed by repeated freezing and defrosting. BMSCs isolated from the marrow of adult rat
tibia and femur were randomly assigned to four groups: Group A was BMSCs cultured in complete medium under
static state as the control; Group B was BMSCs subjected to laminar shear stress with a parallel plate-type de-
vice; Group C was BMSCs induced by lysate of myocardial cells; Group D was BMSCs subjected to shear stress
combined with lysate of myocardial cells. The cardiomyogenic differentiation of BMSCs was analyzed by RT-
PCR, immunocytochemistry and Western blotting. Results Shear stress or/and lysate of myocardial cells treat-
ment induced the expression of cardiomyocyte-related markers at both mRNA and protein levels. A combination
of shear stress and lysate of myocardial cells had a stronger effect on the expression of cardiomyocyte-related
markers than either treatment alone. Conclusions Shear stress combined with lysate of myocardial cells treat-
ment could induce BMSC differentiation into cardiomyocytes, which provided an approach to obtain more commit-
ted differentiated cells for research or for clinic, and as reference for the design of appropriate biological reactor.
Key words: Shear stress; Lysate of myocardial cells; Bone marrow mesenchymal stem cells(BMSCs) ; Cardio-
myocytes; Differentiation
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S PR O B O Lo 5 % o JER R 3 o,
B R R R R St R ENR S, BB TR
F 40 il ( bone marrow mesenchymal stem cells, BM-
SCs) HEA Z M-Ik ie o T BB R UKAY
FACTRIE RS, B I 4R M4 IF 15 B P &
JE B4R MR MG B0 O Sh BE B BRAE R 4B
{BRABAFAES AR BARSE R, BE & LIRS
40 B 1 2 Al 1 R R SE T 40 B R R R T I 0%
M T AL R R B IS R Yk
RERMYHEFER . BMSCs TE/LZY R S BMH (5-
azacytidine ,5-aza ) [R5 T AJ LA 1] .0 JUL4H L 07 [ 3
A (B 5-aza AR4E RV ) 25 B LA AR T
HIGRBLA o ILAEBFFERB X3 T BMSCs [0
JULERH B 5 T 43 Ak SR 106, A P9 ILBR R s 44 400 L
RSB R R A ENEEY, ®E
2150 PO LT MO S Y A S ML B0 LB B , 7T A
B3 BMSCs K350 LA 48 5 M 28 B0 LU 2R
[ T( cardiac troponin T, cTnT) FiZE#:ZE 1 43 ( Con-
nexin 43) , T S32= R REMMIKER b 2B
W BEEEAER . AR EHFFTE
MR IR 45 BMSCs fiiZk 1 Pa BY £ 5 J7 /] LA i
BMSCs & ik 0> HL 40 ffg #H 26 A F GATA4 | 3-MHC
NKx2.5 .MEF2c.cTnT . connexin- 43 .desmin I a-sar-
comeric actinin'''!, AHBFFY B FEHIT VIR 1 5 0>
JULEH e B TR B A %oF BMSCs 2 UL 434k KT 2,
Il PR B BMSCs #% 4B G Y7 /Lo LA 45 14 5% s e 75 e
¥ 4 SRR B AT 538 PR A 00 S, 2 SRR 1 ) 52
Live 8

1 #MR5EGZE

1.1 gt

1.1.1 £%#4% HaE1dF4 BEEERE Sprague-
Dawley K BUW TI6 4B A L LI s 0o
1.1.2 £&X#A DMEM 35 ( Gibeo, & H ) ; per-
coll /3B ¥k ( Pharmacia , Fig#iL ) ; &4 I 1% ( MDgenics ,
RE ) ; PE H B (Sigma, R E ) ; & RNA 32 EURGH]
(Invitrogen, & ) ; RT-PCR 7|4 ( LA T, HH) ;
RT-PCR &5 & ( Promega, 2 [H ) ; I EH KK cTnT
BATEREGUA (Santa Cruz, 36 [ ) ; BRI E ALY BE 17
ICWRbtILEZ TSR (P&, B E) ; DAB
W45 B AW (Sigma, £ F ) ; TR AN (Sigma, £ H) ;

& F % 12057 & (Pierce Technology, 38 B ) ; fk2¢
B (LR, FED .

1.1.3 £2%4%& CO, 35544 (Thermo, £ H) ; 1H
Z BB BB (Olympus, HA) ; 5B LA ( Herm-
le, f81) ; ~70 “CKFH (Thermo, E ) ; P47 PRI
i (A SLH = Hilil) ; 8% 3 %R ( Cole-Parmer, 2 [ )
1R B VR B L AL ( Eppendorf, F8E ) ; $50 K AT WL 23
JEGBE it (Thermo, 36 ) ; PCR 4X ( Eppendorf, 18
H) BRI RE(BEARY, TE) ; B AUR R
Gr(KfE, P E) s E#E L K FOE B4 (Olympus, H
&) A AR A (TR E, B E) s EE Bk
R RS (Bio-Rad , £ H) .

1.2 7%k

1.2.1 BMSCs #94 &377 ¥4 AXRIHEBA
AT G BUR B FIR B , KRR AL DI W,
DMEM S5 52 W i B B8, 200 B 57 218 i v M
ETFBELEH, T 1000 r/min B0 S min, 3 E 1,
HE T DMEM 58 T A ERZEH NP M E %
AT percoll 73 B (1. 073 g/mL) KB .0 & 1,
2 500 r/minZ5 0> 20 min, B = Z R H R B E RE
SEAH M T 55— B0, F DMEM B3R B 0E I 2 IR
JEIMAE 10% IfiL 7 B DMEM, 8R035 504, B
F37 C,& 5% CO, WIEFRMETHIETR. 24 h G EK
B, LS 3 d B 1 IR, Z4H R 90% Hi
LRSS, 0. 25% # s B IH AL 4R, 2 ~4 U4
WA T a2 5 .

1.2.2 Smpi iy sgd BHFE 1 dRE
WAL FE , T B HLO R H AUTF T ok B BT, H
0.25% HYIRE LI BHH L S A m B3E , BA S
10% Ifi. § 1¥) DMEM, & & % b, W& £ K, T
800 r/minZF.0r 3 R, MK S5 min, H FE, BEETH
10% Ifi. 75 () DMEM 3555 2, /P T M, B T
37 C.\5%CO, M¥EF-MH. &1 ~2 h 2R NGEE K
Baemh EEBA S B S, INA & 10% 1L
HH) DMEM, & F 37 °C 5% CO, ¥ FRFEP IR, K
A3 A K BAF g0 LA I AL 1 x 10°/mL
20 M B, T B T - 70 CukEE, 44 ~5h 5
B AL, FHR A O 2 R AT 40 MOS, It &2 3 Ik
J5 H 20 BT 2 000 r/min B0 10 min, ¥ BVE
J10.45 pm BRI UEE &

1.2.3 REF%#HF BMSCs L@t #2 ~4
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£ BMSCs D4 1.5 x10*/em® [ 548 27 BE b T 209%
A b RN BEfS 43O 4 4 X BRZE (A 4H) (59 4)
NEFTEH (B 4H) O LA M B3 B 4H (C ) FBTEI N
H1 + AR A (D ) .

XTHRZH (A ) : £ 10% i 47 1ML 7% /) DMEM
BTSSR, WU AA(BA) n#E 1 Pa
MRS 7, YR 24 h JS7E& 10% R4 MLVE
DMEM 353 B #3555

LM AR A (C H) AR FER P IA
4 f5F BMSCs $i2 1.0 UL A H 2447 R

BIYIN S + O LA MO i B 4 (D ) - Inzk
1 Paf ik sy bl J1 , /EH 24 h JG#E & 4 £5F BMSCs
B O LA B SRR R B SR R R RS R
1.2.4 GATA-4 B-MHC.NKx2.5 F= MEF-2¢c mRNA
# RT-PCR #l 5ix  Hi3% 7 d GO b3k 4 413
F, R FH TRIzol X5 2 BUE RNA, 240 % BE 11k
1T A260 J A280 E R S5, S Hf Promega {7 & 1E
VL3317 RT-PCR, PCR J i 5512 94 C I
P 5 min, P 30 ¥R, JEFR S 94 °C 30 5,58 C
60 5,72 °C .60 s, JEFLEHR A 72 CZEfH 10 min, B
PCR 41 10 wL, % 1. 5% BRARKHEERL B Uk, £ 50
TR, ZRERRE R G B, 51T FIRE 1,

x1 31F5
Tab.1 Primer sequences
A Gt/
GATA4 U514 5'-CTG TCA TCT CAC TAT GGG CA-3
T4 5'-CCA AGT CCG AGC AGG AAT TT-3'
B-MHC  F¥sB1#  5'-TGG CAC CGT GGA CTA CAA TA-3’
FUEI1Y  5'-TAC AGG TGC ATC AGC TCC AG-3’
NKx2.5 L34 5'-CAG TGG AGC TGG ACA AAG CC-3'
TF#E4  5'-TAG CGA CGG TTC TGG AAC CA-3’
MEF2¢  Fi§514  5'-AGC AAG AAT ACG ATG CCA TC-3’
F¥EI1Y  5'-GAA GGG GTG GTG GTA CGG TC-3’
GAPDH 814  5'-ACC ACA GTC CAT GCC AT CAC-3’
T 5'-TCC ACC ACC CTG TTG CTG TA-3

1.2.5 TnT # 4 mpie ek HiE14d
JEEUH B3R 4 85 H, F 4% 25 3% B [ &2 30 min,
0.1% Triton X-100 #bFH 10 min, 1% F M FEFHEH
367 30 min, fA 1: 100 s BEH L FEH KB ¢TnT

HATEREDUA, EIRMFF 120 min, A 13 100 HREH)
PR S FALI SRR 1C B0 bt L R P, =R
JEH 90 min, ¥ DAB ¥4 o € W0H BE S5 T i T 3%
AR, FARKEY 3 min, HFRTIE /3630 s, i
K,EWLE R, T RS T WEIERE.

1.2.6 TnT % % % Western blotting #4735
Fr 14 d U Bk 4 AR RIE B BT, BCA B
WEEH & &, BIK, %R, 5% s 9586 5 i
30 min JA 1: 1 000 # B ILEPL A B, TnT B TL
BEbii,4 CHEE TR, A 1: 1 000 FREH R
HWEAER R C R BTILFE 2w ESUE, EIRBEF
60 min, {2 &I, BBE 1 min, B 30 s, ER
5 min, FHH, IEFREER

1.2.7 %itadr HERERM s Rn, HiH
SR i, P<0.05 AZERAB SR L.

2 #R

2.1 BMSCs &%

WFR A AR 73 B 3G R 4 i LA ML B (¥ BM-
SCs A= W) 2 e 1tk B 28 W EF 4E 40 R, R 35 CD29.
CD44 . CD90. CD105., CD106 #1 CDI166, & 3 ik
CD34,CD45 1 HLA-DR , 5 1R 3 A9 4™ 38 ¥ BB 1 1) 1
B SR R 20 R AR U7 44H L 4 AT R, T L STk
[11],
2.2 fRAMEFO AR ASFHEE

B8 8GR T AN 4B 5.0 IL4E ML 2 3K0E 5
4 WGP IR EEAE K ;24 h B SE 2 NEE B RTE , {8 I
BAMMIREZ) ;3 d JE REEAUMAE TN 8 RIL
45, F AR 20 ~ 120 IR/ min , 76 40 5% BE 40K 9 #8
AR L 224~ 2 DA [R] — 45 e 4 5y, DA 80 IR/ min £
Uo
2.3 BMSCs ZEREH N HEHHESERR

B 411 D 21 BMSCs Jn#k 1 Pa M 3i{ABI ) 11k
FH 24 h 5, 4R AT R 3h B Kl o A, 41 i HES
P TR (E 1) o
2.4 #%EJ5 BMSCs iy RT-PCR £

RiFEFH A 41 BMSCs A FRIXT 55 KK GATA-
4 .B-MHC NKx2.5 il MEF-2¢, i B.C #1 D 41 ¥
ik GATA4, B-MHC. NKx2. 5 Fl MEF-2¢ (P <
0.05) (HEHRKKXRAR, HH GATA4, B-MHC
I NKx2.5 FJRIKEA, B A C HRIX T B EM
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ZH(P>0.05),D KK B 4 C A BHE
(P<0.05), MEF-2¢ {323k B.C 1 D A TG B &M
#ZR7(P>0.05) (LK 2),

B 1 BIYIES1%F BMSCs FEZSRM  (a) BMSCs #a5H55% 24 h, (b)

BMSCs 32 1 Pa IWARBIUIN/EF 24 hJ5 o MAEL HEFARE

J5 1l (FFR 2100 pm)

Fig.1 Morphological changes of BMSCs induced by shear stress
(a)BMSCs were cultured under static conditions for 24 h, (b)

BMSCs were exposed to 1 Pa shear stress for 24 h ( Scale bar.

100 um)

@ GaTasg
B-MHC
Nkx2.5
MEF2¢
GAPDH

()

Relative gene expression/GAPDH

D
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es}
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B2 BYY1Rz 15/ AL 4R B 3Y A7 i X BMSCs GATA-4,B-MHC,
NKx2.5 #1 MEF-2c mRNA RiAHIZ M  (a) RT-PCR B{lg ¥ 525 B
KR, (b) mRNA AH %Y 6% 5 fH (GATA4, B-MHC, NKx2.5 &
MEF-2¢ mRNA/GAPDH mRNA) (B.C.D 415 A 41 Lk4%, « P<0.05;
D415 B.C 414k, #P <0.05)

Fig.2 Effect of shear stress or/and lysate of myocardial cells on
GATA4, B-MHC, NKx2.5 and MEF2c mRNA expression in BM-
SCs (a)Agarose gel electrophoresis of the RT- PCR products u-
sing specific primers for GATA4, p-MHC, NKx. 5, MEF-2c or
GAPDH, (b) GATA-4, B-MHC, NKx2.5 or MEF-2c mRNA expres-
sion levels normalized to GAPDH ( « P<0.05, Group B, C or D
compared with Group A; #P<0.05, Group D compared with
Group B or C)

2.5 #HREBMSCs WEEAMLFREER

RiFFH A AR EZB InT FAYELIAE, T B,
CHiD HpXr W TnT PS4, B D 24 FH 40
Jfu%z B ik C HBABHZ (WK 3) .

B3 BYIEAS/ A ALERERBEX cInT B 5REHHME( %

TR FRE) () XA, (b) BIEIR T4, () Lo UL M 407
WAL, (d) BIYIRL 7 + O LA A SLAR R 2H (B R :200 pum)
Fig.3 Effect of shear stress or/and lysate of myocardial cells on
cTnT protein expression in BMSCs ( Immunocytochemical staining)
(a)BMSCs treated with regular complete medium, (b) BMSCs
treated with shear stress, (¢) BMSCs treated with lysate of myo-
cardial cells, (d) BMSCs treated with shear stress and lysate of
myocardial cells (Scale bar; 200 ym)

2.6 S/ BMSCs i Western blotting %7

RiFESH A 4 BMSCs 33k ¢InT, i B.C #1
D P3R5k TnT, H D 521K B 415 C AR
W2 (P <0.05) (ILIE4)

3 itig

TRSMEFE BB BMSCs BA £/ uigae, B
A RTINS A B, #R3F BMSCs {Rsh
TR A S —HEE AT RS, B
BMSCs [i.CoULZRAE DT L R R R 2 T I, 25
WF5E F2 U B B R Ay 5%/ L JILAH B0 24 A 7T AAR 47
1% S BMSCs 434 WURE AL, 336 AT LA JULAE
¥HEFE T mRNA FI%E 4 0B B EESE o

FEA S op , 5 R R B AR T A 3 0 UL
S B4R TT LA BMSCs 1.0 LA IS 7 1 434k,
VL LR B T SR B 0 — S T Y M B T DA 3]
FERIMLBER, X5 2 A %" KK 4 A,
Li 4 %31, BMSCs 5.0 M E 54 E
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@ et
GAPDH
® 07

¢TnT/GAPDH

B4 BUYIE 18/ #00 (LA B REE R cTnT EEREHE M
(a) Western Blotting 2 [ H 7k %5 3, (b) ¢TnT MI%F Y655 B { ( cTnT/
GAPDH) (B.C.D#15 A 4iIt#k, = P<0.05; D 415 B.C 41 14, #
P<0.05)

Fig.4 Effect of shear stress or/and lysate of myocardial cells on
¢TnT protsin expression in BMSCs (a) Western blotting of cTnT
and GAPDH, (b) cTnT protein expression levels normalized to
GAPDH( = P<0.05, Group B, C or D compared with Group A; #
P<0.05, Group D compared with Group B or C)

BRI ] 404k g0 U 40 g, 92 R S 0 LA S
BHE R BMSCs 7E/E24 LR L B N BA 8, R R AT
RER A A LA AR 1, EEE O
JULZH e S 8L , T AAFI AR 119 BMSCs [0 JILRE 40 B 434k
AEA5Ea . H it BMSCs 5.0 ULZH M 1 B4 32
filtiZF 3RS BMSCs A0 JILIA 40k B9 0058 S5 18

T 40 2 — Xt g b A AR A A0 M, 7 7 T
M VR P AR — A . W1 B R I B
B RL 7 (A 5K B AR R B F) %6 ) 2 R ] LA
RIS TE B R AL A AL o i TR
TBhF A BT VI e IR & B 2R BT R 2
ot B A AR, G0 BT I A B T B R 0 I B
BT S A O LA D B S AL AR . FEA
g, Zeat 1 Pa BB 3 00 JUL 20 e 2 gt o Tk
&1 Fi BMSCs J& , GATA4 , 3-MHC ,NKx2. 5 mRNA
1 oTnT K [ KR K ¥ m T RS 6 7 2o A4
ZUA W B AR I 21K . MEF-2c mRNA (335 Bk
SVERHMAMIEAHA TS EEZER, KA TR
FHFRER LT . BIYI J1 5% BMSCs 431k i
WL MR T AME 2, B S — 2 5. AL 3
WG B —E R, BRI 5SS
AP, AT S S0 5 4 56 B 2 R AR (IR Y

Lk GH o BB W AL R —
HINE AT SR I — A R

ASEUGTESE T B IR 7 5.0 WL M A B Bk
JO7 FA BT ABE #3037 & BMSCs 34020 O ILEE 4R, A7
B A5 KA HE 2 B ) 5 6 =4 S0 A b
745 BMSCs PRy KR il B /& Z 9 J7 11 34k,
BRI AR I PRI AR BE R 5 4, A B T AR RO
BT
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ATRERE TR AT E 55 Bt 1984 4F 12 A 8 B9 e AR IEA ERE E T B AL , HF AT 53R
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