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Regulatory mechanism of transforming growth factor-beta 1 on mechanical properties of tissue engineered heart valve
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[ABSTRACT]  Objective: To observe whether transforming growth factor-beta 1 (TGF-g;) can improve the mechanical
properties of tissue engineered heart valve (TEHV) prepared by TGF-8; and myofibroblasts. Methods: Myofibroblasts were
isolated, cultured., identified, and seeded onto the decellularized aortic valve leaflet. In the experimental group, TEHV were
cultured with DMEM containing 10 ng/ml TGF-8; for 14 days. In the control group, TEHV were cultured with DMEM only for
14 days. The contents of lysyl oxidase (LOX) and hydroxyproline, the expression of LOX and COLL-1 mRNA, and the
mechanical properties of the TEHVs were analyzed in each group. Results: The contents of LOX and hydroxyproline, expression
of LOX and COLL-1 mRNA, Max-load, and Max-stress were significantly higher in the experimental group than those in the
control group (all P<C0. 05). However, the experimental and control group showed comparable values of Max-strain and elastic
modulus. Conclusion: TGEF-8; can increase expression of LOX and COLL-1 mRNA in the seeded cells during TEHV
construction,increasing the production and cross-linking of collagen,and improve the mechanical properties of the TEHV.
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1 MBITTE

L1 4 6~8 kMY SD KR, K5 &
150~200 g (4 B} 47 K 2% [F] 5% B= 2% B 55 50 3l ) v
DL YO M0 6 A A E sk 6 AR BT P B
T s JCILTE A0 BK 59 DMEM., & 85 DMEM ., Jif 4 1fiL
1 (Gibco 4 H]) s TGF-81 . Triton X-100., i & 1 |
EDTA KW IR 1 (RNase [ ) it %A% W5 1% 12 il
I (DNase [ ), II B B AR o S AL W . 1, 5-diamin-
opentane, B-Z #& N M ( p-aminopropionitrile-
fumarate, BAPN) # i { Sigma /A Al; BT A o
SMA | Vimentin ( Pharmingen 23 #) ) ; 36 # 5% )2 i i
& .PCR i #] & (Fermentas 23 #) ) ; Amplex red.
TRIzol™ Reagent(Invitrogen 2 ) ; DEPC, Jt/K &
B AT S TN B BRI B, Tris Bl VK 2R L TR Ak 2
e B REZE MR DNA marker, JR . DU B BR 40 (%
KA ED PR A R A N & (R R ) TR S
FrARHE) s 970CRT 2806 43 6 0 BE AL (11 42 25 AL 4%
WRAR AR ; FEP #L (PCR 1), Power Pac
300 HLPKAY (Bio-Rad) ; Polai — ¥ ¥ 1i 1% £ 48 (4
P A [ 5 B 27 Bt B e B R 5 B 0 SE 3R %D
1.2 RAZTFHIRMR T LM BT T
2R RO BN 32 3l Ik, 0 B 3230 Bk i A N 2 IR
B 2 RANZ R AL G 37, T 37°C (5% CO,
BrFRA TP RS RS IR B R W R B DMEM (% 15 %
G I R 2 100 U/ml BEF % 100 U/ml) 5~
7 d AR RN RN W LA R R AT TR 2~3
P 44T Ll T 2 I LT A A . o AT Y
FEIR B 90 %o BEAT AL AR ES 37, A 2 AR 40 I AT 40 Al 45
FE L5 3 AR LA A FH T i A

1.3 xmpser L Re9H &0 N HBEAE+
EDTA, Triton X-100 fil RNase [ +DNase [ %&b B
B F B IR £ 2 A IR S 4

1.4 TEHV#MEF M 8240105 0 52 285
A 12 Lt CEAL T R U FR 24 3 A 4t i
B 100 p OB BE 5 X104 /ml) 42 1) 25 48 Jifd i nf-
SCH B WEAL T b oK A e R A L LR O 2R R
P LSRG I 10 ng/ml TGEF-B, 1) = #% DMEM K5
FW (% 15% JRA-IE .5 % % 100 U/ml 55 &=

100 U/mD 5 ml, 78 37°C .5 % CO. 1 3% 46 v 1% 22 1%
I8 14 d, B H W, 5 15 H O G I 5 A0 By BK
DMEM #i 5% 24 h fERN S dH . X B BR B R Wb
AW TGF-pi b, A 525041,

1.5 @mpefzizan IWEHEFEEE 2 A
J 42 Bl F TS A B R0 6 LA, I EE 1 h A
BEFRw O H BUCH B L PBS w2 kL1 1(V/V)
JCoK £ BE RN BR [ 2 15 min, 33 5 B0 240 i 90 2% 1k
HITEMABRAL A « SMA & Vimentin 11K, W42
Yea zh 1

1.6 TEHV At n

1.6.1 TEHVH #ABRANEEERLN S0
TR 1 2 S H51 2 E EAL A (ly syl oxidase, LOX) b
WERNZR L 9R )5 8 A T TEHV R 2 H LOX B ik
JE S Wl o R R I L % 40T P AR B LOX Y,
WHEMATEHV (n=4)5 15 H A IS BB 527 700
pl A B 6 (1. 2 mol JR %, 0. 05 mol VU #l i
84,1 U/ml I BB G S AE P H L 10 pmol Amplex
red,10 mmol 1,5-diaminopentane) . 20 i B AR 2
ml BRI IF A4 1 ml B9 2 S5 4%, o 1 %
W DL XN 5 1 S B h A 500 pmol
BAPNIZ i E H, R 54 D.E M 24H % W 1 i A
37°C 5% CO, K F 46 T 15 9% 30 min J5 Bk b, 7R
FHZE A M6 BE A LA & D% 563 nm FLE G % K
587 nm K ZEEAE . F D 43 W10 28 B (E I &
E 20 rhox 7 % WA 2 M8 L AR I AR B of it 2k 5
HH R R A e BE L, BD A PR 4L TEHV Y LOX 1 ¥ JE
{H.

1.6.2 TEHVH# & A® & EANT Wb 24
TEHV (n=14) 3% 55 37 W 5 ¥ 7% Il 2 2 128070 & 100 B 44
ARG DN 552 i 20 R 5 4t

1.7 RT-PCR #&® 4% TRIzol™ & & vt ¥ F 43
FHEATEHV (n=4) 1Y 5. RNA, £ 505650 B
P2 RNA Ve BEFEE R 25K Dago /Do am 7E 1.8
PLb, R0 4 pg FHATEHVHRYE RNA %
B SRl cDNALFEH PCR ALY 8 H S5, H iy 5t
ARS8 514558 . LOX 5'-GCA CCA TTT
CAC CGT ATT-3" #1 5'-AAC CCA TCA TCA
TTG TCT CA-3', F= ¥ K & 421 bp , i K& &
49°C , M 47 36 DMEHA; T B (COLL-1)5'-CCT
GGA AGA GAT GGT GCT-3' fil 5'-CCA TTC
TTG CCA GCA GGA C-3", /=¥ K JF 122 bp.ik k
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WEE 52°C 2Lk AT 35 MEIR s N S 5L H (B-actin) 5'-
TGC TTC TAG GCG GAC TGT TA-3'#15-CGT
CAC ATG GCA TCT CAC GA-3', =¥ K J¥ 314
bp. iR JCR BE 57°C, L FEAT 34 DEH, WA =Y
5 pl AT IHUNE M B e L UK, R T Polai — R M LR &
Gup i B, T B LI (Bandscan5. 0) 20 #1 H 1
LD RPN 2 5 R K B 2t B A 3 DRAR G
i,

1.8 AFaX™ BUKFATEHV (n=4), #F K4
FRBIA 1.5 emX 0.5 em HJE &8 f HJe 578 A
il (0 5 7 A RD AR AR Y HE S rpr R R SR B i /D 4K
HEZR T 340 & F F7 2 MR AN, Je R E S 8 mm, B
PR AL, & T L) 5 mm/min 33 R 98176 3 M- m)
[LRUEDR NS NG R  N TA NV Re aR 1
PER

1.9 %itsa® R SPSS 10. 0 & it 4k 4 k17
BAG MBI, o s Foon AL BB R ¢
K6, P<<0. 05 RN ERAGITFE L,

2 & B

2.1 iR EALF AN 40 R AL g R
AN 2 AEA0)E oo SMA Fl Vimentin 42 (5 3 {4 34 > FH
P (E D,

2.2 TEHVAt#R LOXRfEME T RN y=
655. 9x—35.114,R* =0. 990 1, LK LOX & &
T R4 0. 1354 0. 002) ws (0. 127 4=0. 002)
pg/ml, P<0. 057, 2 il & M2 & & W& T X R4
[(8.30£0.18) vs (6. 00 + 0. 11) pg/mg, P <
0.05],

2.3 RT-PCR#A M RT-PCRA M ™ 4 % I H Uk

B LA 2, K BEE 45 SRR B, 528 4 LOX A1 COLL-1
mRNA #3A[(2.02+0. 10)FI(1. 4940. 00 1 H T
XHRRZH[ (1. 58+0.06)F1(1. 2040. 06) , P<C0. 05 ],
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Fig 1 Immunochemistry of myofibroblasts

A:a-SMA;B; Vimentin staining. Original magnification; X 200
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B 2 RT-PCR ¥ AATEHV LOX #
COLL-1 mRNA 7= ) i & B 8 ik
Fig 2 RT-PCR analysis of LOX and COLL-1
mRNA expression of TEHV in each group
M:Marker;1:1L.OX in the experimental group;2:L.OX in the control group;

3:COLL-1 in the experimental group;4:COLL-1 in the control group

2.4 AFMK JFIHAE R B8 LR A TEHV
1) e R A7 A R B KSR g v TR R (P <0, 05) . T
A KA F i B2 R gt =B X
(P>0.05,% 1),

£ 1 TEHVAZFMHEENKGER

Tab 1 Mechanical properties of TEHV
(n=4,x%5)
Group Max-load F/N Max-stress (X10%) p/Pa Max-strain/ % El;stligsmodulus
p/Pa
Experimental 9.90+0. 31" 2.1440.09" 37.53+1.51 9.2840.13
Control 7.83+0.65 1.7840.07 38.4940.97 9.1040. 90

* P<C0. 05 vs control group

3 4t i

JreA PR BE R TEHV I B 2R Ak, I I 4 H
ECM {4 2 o3, FA i S SR AEAR R L | ok

JE T TEHVRY 2R, T B 5 It 7 R A58 g Jirt
AT S REZ . MARMEARE [ AR i F %
GAHETR B, AE T B it v 3 e A X L A8 L A S
368 2 G I AL B £F 4 A B 9 COLL-1 mRNA 335
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ECM (952 il 22 B2 % it 0] 42 Je B ECM. % Ji 2
H& &, LOX ERIEE UG = MREH 75+ N
Kby (8] B3R 1) O B A, I T AR5 2 TN 0 35 o 2 1 I3t
SR MU R S R R A R L S W AR A S
R AR A BT W A A L T AR G 58 KO B
R 110 S DT 2 ot oo P OO 3 R O R B S
PE N T 2R g2 M e L E A AR 5256 ok
M LOX mRNA FiE A LOX & & [l4% K ik ECM
Ji2 I 25 1SS R R B

25 240 i RS A EL A R 1 45 A P R 2 A A
PESEDL AL S — R ARG i PR N FH A & B9 S48, (H LA
TS50 e B 2% 240 M o B S 2R R @ /9 TEH V., B T
T LA A ECM AN 45 R A, 5 BOR K 32 )
TR S B R L i TEH VG A 2 1E 5 IR K 1)
F12EVEREZIRYY e H y 2E M R AT A AL
k3% 2y B, TGF-B & — s ih ik, 2 Thik
KT, B2 20 M B MG A L DA Bl ECM &
B AR Y, R TGF-g, 3% TEHV B /1 2
PERE T BB L H A= 4 B B A ML

AWFFE &L K 4 TEHVH LOX 1 COLL-1
mRNA 5 & T X 4], X i W TGF-g, #] LAA#
TEHVH LB EF 4 40 i 19 LOX Ml COLL-1 & [ %
IRHESR I TGF-B, 78 3 B K F X LA £F 4 41 it 1
AR S SO N B Y A B N, St 5 40
TEHV# LOX Ml 2 M & & ¥ m T X B4,
LOX & 5 15 01 I B J5 26 11 1 3¢ 196 A% B 385, i 7%
i 20 TR Pt 1 50 B B A A A R, U
LM A S E R BT TEHV B % K 67 far A1 e K
JNE T3 I DR S 56 4 g 2 i B v TN B2, TEHV
() 7124 PEREAS LI

Zi b r ik, fE AR AN TEHV o & b, il 3
TGF-B, % LB £F 4 40 ff i 98 45 76 A, mT DL ol
TEHVH Jy 4= PE6g it F AT 68 A WL 4 . TGF-B, 76
BRI 5 COLL-1 Ml LOX mRNA i35, A
M9 350 B 1 G B RN 28 B R 3 G L B & 5] R

TEHV# J3 % 5 B3 n, B o 2 e R el . B
TGF-8 W TEHV JJ 27 1 B8 /Y i35 4 1, 76 S 1< AR Ak
B F% 8] 50k TEH VAL A K S 19 RO iy, 4 5
HE— 2L WARFF
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