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[Abstract] Objective

HHx as the scaffolds material and human umbilical cord mensenchymal stem cells (hUCMCs) as the seed cells. Methods

To explore the ability for constructing tissue engineering bone in vivo in complex scaffolds with PHB-
hUCM-
SCs were inoculated into PHBHHx scaffolds to induce osteogenesis culture in vivo for two weeks, the the induced group was the
experimental group and those without instilling hUCMCs served as the control group, the nude mouse subcutaneous implantation
was performed. Then taking material at 1,3,5 months after implantation in vivo was performed for conducting HE, collagen | im-
hUCMSCs showed good cellular adsorbability. The size

and form in the experimental group basically maintained the original status,and the osteogenesis specific indicators were positive;

munohistochemical, alkaline phosphatase staining and RT-PCR. Results

but the control group did not keek the original status,its volume was gradually shrunk until complete degradation,and the osteogen-

esis specific indicators were negative. Conclusion

The PHBHHx scaffolds combined with hUCMSCs has the capability of in vivo

heterotopic constructing tissue engineering bone in nude mouse by in vitro osteogenic induction.
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A 38 A DX K B 405 RO R 5 R R B R R B B A BB AE TR K
HE A REHR . A EHALRCEIANEBEE R
Beig Bedi i A A B 7 ik 2 — 0 Sk R S R T A e e
RELMMAE R, AN B 588 T 40 Chuman umbilical
cord mesenchymal stem cells, hUCMSCs) & & F & . A 1k
P LR S JRORE B oy B B SR L AR i T E L AW A e
S T7 TR 48 76 4140 TR L A )T R G N R, 3-
BT ®R-3-% O BRI R B (3-hydroxybutyrate-co-3-
hydroxyhexanoate, PHBHHx) [ HA &AM Jy 2~ M 68 . R 419
A AR 2 P R AT 58 A R A L 7E A 2R TR R IS R R 4 I A 2
Ky, HAT . PHBHHx 7841 20 TR L A5 O WE e 45
MU I 22T AH A B 4120 TR 5 45080 [ P L Ah R
A ASEG DL hUCMSCs g+ 41 i . L PHBHHx g 32 28 %4
BE X hUCMSCs 1 PHBHHx 1 2y 20 23 T 8% B+ 41 i i ml
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1.1 sC5edhy BRI A at e BB A WRHE R A IRA
SPF %% ,4~5 J& .16 ~18 g i il iE 5 : SCXK(5)2009-0007 ,
1.2 #5187 Thermo 3131 % CO, ¥ 354§ (Thermo 2%
"), H &) . Nikon TE-2000 %! 5] & 4 2= 8 ¥ 4% (Nikon A &), H
4),2331 % PCR ¥ 14 /% (Eppendorf 24 #] , f ) , BYY-BC %I
HLPKAY (b 578 —AX#R T ) s DMEM B 33 3% (Gibeo A &), 3%
ED o 6 4 13 G IO 225, 51 3% B8 i e (0350 & (R ot
BUEWA R R S T T S5 A9 20 24k 2 Y 603 7] (R
HEEYHERAED .

1.3 il R SO BRA bR JBE Al DA Bt R B R 2= it ) 2 B
BEEAS Bk A R H EIRAE = @ER L. 2 dkRENE,
I bRA T TR 2 sc s AF 98 . PHBHHx (36 % K22 46 T & BF
Hil IR AL FLAZR R 100~200 pm, FLERER 90 % , FLIA)AH H. 3 3
1.4 SEWHk

1.4.1 hUCMSCs fR4h 5385 55 95 Je S JC T WG 4R T, %1

* BEWE ST RAHOR RS0 H E RS T 7 (201002177 5 15 St A BH2 SOR G R R BT H DB B4 LG 32(2012)002 5 ],
PEF B A7 SR (1971 — ) Rl J2 AT BRI A5 1 o 2 28 Ao i AL B B 2 1A D ) BT 5
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B AR SE K B BT A 1 mm X 1 mm X 1 mm KN, B 5 T
SE 4R 7 3 (IRBE DMEM B 3% 28 50 10 % i 48 I 38O /Y 8% 32
P B 37°C 526 CO, M RNE BE 57 3748 4 555 97, B8 8 10 1 B L 4%
YA A= K ATE S AR M M Al iR KAk 538 900 i 4% 1 ¢ 2
B LG B AR
1.4.2 hUCMSCs [m] B8 4 i35 50t S S e &5 4 AR
hUCMSCs. $ 41 il L 12X 10° /mL 9% BEEz F T 6 fLARk . F 58
SR FRFEIATRI IR R H LR e A P R (10 M
A .1 X 107° mol/L Hi %€ K #4. 50 mg/L 4t 4 % C. 10
mmol/L B-H il 8% B2 84 1% & FF DMEM X5 5% 50O 3F 17 51 40
WS IR 8 e B SR AT R R B 3 R 1 R R
W 14 dJEiEAT 1 Y5 G e 20 24k 2% T 0 0 IR I e
(alkaline phosphatase, ALP) Yt {t,,21 d J5bf7 5 RLr e fn .
1.4.3 hUCMSCs/PHBHHx & & ¥ WM &I AR E T
¥ PHBHHx ¥ 1. 00 em < 0. 50 cm X 0. 05 cm /N, 5
FmENEE MHEEE AR SN, L% 4 £ hUCM-
SCs,#i¢ 2> 107 /mL (149 % B 45 40 il = 0% in 78 PHBHHx I, 2
d J5 B R % 3k S0 I A B A Oy B A5 SV ke R D) ok
T 4n e B 4 9 PHBHHx, hUCMSCs/PHBHHx {4 4 & & k5
75 2 JA A 10 Y0 K A SRR 1 4 SR I 1 S R (5 mL/kg)  TH
TR ETS T E P IF K29 1 om., I 55 586G 43 55 )5 42 0 A
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A B2 T 4 AR A S 56 A Rk R 2 A0 /AR A SR A
FIX AR 12 RE G, AJ5#E R K43 581 5%, W 2%
HEREEMI O @A BN XEAUIEEEL.

1.4.4 FpW4EER FHEARSE 1.3.5 MH MM TIRE 2%
SRFCALER 4 HAR R A AL L 4 ) Ao AT HE T 895 i %0 58
A2 ALP Yoty 08 5% 5% A B I v (RT-PCRO K ) 5
3.5 AN H 52 I A1 R 2 Y R R R e TR RN B 2R B
mRNA [ REHER. 519H LiBAETAD T RERAAE
BB = N K51 W B 43 0 A0 : Bractin YT R
F /N 564 bp, FEEIY 5'-CTG GGA CGA CAT AGG AGA
AAA-3', FiiBI4 5 -AAG GAA GGC TGG AAG AGT GC-
3% | BB R & AP 8= W Kk 371 bp, B 5'-GGC
AAG GTG TTG TGC GAT GAC-3', FiiEs|# 5 -AGA CCA
CGA GGA CCA GAG GGA C-3'; BB & AV W= RN
280 bp, EWiBI4 5'- TGC TGG TGT AGA CCC CAA AAG-
3, FEal® 5'- CAG GGA GTT TCC ATG AAG CCA C-3',
2 % ®

2.1 hUCMSCs JE& M Ko w  JFARE R 6 d A48
He J5 B 20 M T€ M L G BE A= 4G, 12 d A7 A A0 M AR K 1 b L SR
W2 BT HE Sl R AR K R A 4 LG AT IE S
B ZRhKBRIE.

AR ANH T Y e 5 3 21 U2 e €, (X 100) 5 B o Al B 40 M B 1 19 i 4 5 (X 100D 5 Co BB 4 M 6 41 54 45, ( X 100)
1 hUCMSCs BB A RETE

A~C:hUCMSCs/PHBHHx # A# B AF & F 1(A) .3(B) .5(O) A A KAEM ; D~F: hUCMSCs/PHBHHx S2 B 4L M5 A 1(D) . 3(E) .5(F) 4
H AW ; G~H:hUCMSCs/PHBHHx X BRZHAE A 1(G) . 3CHD AN H F &,
2 hUCMSCs/PHBHHx E & ¥ NBE R KXW
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A~C:hUCMSCs/PHBHHx 8283 AT A 1(A) .3(B)4 A HE %6, ( X 100) .5(C) A4 HE 4 ,( X 300) ; D~E. PHBHHx #} IR ALA 1(D).3

(E)4~H HE 46, (X 100D,

& 3 hUCMSCs/PHBHHx £ &%) HE &

A:1AH3B3ANHC5 4 A,

B 4 hUCMSCs/PHBHHx SEH AN 1.3.5 MR | BIRRBEARLFLEE(X100)

2.2 hUCMSCs g mfb X %Exw WMEiES 14 d, 1 BKE
B 4 4k 2 Yo £ 52 BE I 20 A T A4 L A/ S o 2 A o € L 3RR
JRI A TR I S A B A3 06 I 1A, Xof B 20 e 0 528 H 5 ke
T2 ity £, 2 B B G 22 K B 0 AR TR A5 0K L BRI v (B
1B), X B e (o 2 B P s BB i 21 dL P R 2r e (o S B Al
MICEREFEZZEZAK BT a2 e, 8 HEir
JerERSR (B 10) , % B AL AN G0 b 2515 T A, Ye e S PR 1
2.3 hUCMSCs/PHBHHx & & ¥ AR RO SE56 2
i/ X RE A RNEST 1.3.5 M H ZEARERFEAR ., &
iy A5 5 5 7 R ZH A0 M/ SR A AN BB R R SRR L (R B
FNEE MR (R 2A.2B.20) . 52820 1 A H Ukt W7
Ay XA IR 0, 2 T R R AT 44 8, i O B3 N A
i 2 THT A 2T T b RS B L 45 20 M R BR B 55 N A I A W
1 21 23 4, o 20, JEE 99 o o R 3 O, A ol A A Ll A (B
2D.2E.2F) . Xt MR 1 A H i OB W AE A 9 1 BL46 /)N, 36 T 42
TR, A DL AT A 5 5 3 AN i R BB 8 45 /1N K 2 R . X
BB D VRRR R A PRI R 55 N ) I 5 A IR AR AL 2 B TORE
Y% (K 2G.2HD

2.4 HE$f S04l 1 J b g fd i PHBHHx fLEEA: K,

HYPGERIE . B/NR B RS R BN R R
0 A T I 7 A e B R 3 TR P DL A M RS it G A
TR R AR 5 3 A H I 2 B A UR D AR BV
B L AEE R ARS8 LS O T RGARTE A D i R
B 5 A B Z R B AL B R TEERZE BN LR
LG RFEFELMTE I, KEB/NETB I, W k2 &9
ML o 25 TRT A 2 A A T R I 0 A0 M L A Rk 5 4 R A (T 3AL3B,
30, XL 1 4~ H i PHBHHx 1A KM WML
RAEANH, WEH & PHBHHx 38 & ;3 4~ A 8¢ PHBHHx R fify
A R R PRI . TS i PHBHHx 5% 83 (& 3D.3E).
2.5 [ AURIRGeE Al gL e SRl 1 A4 H B2 RS
PECE 4A) .3 A H it 2 BEE (B 4B) .5 A H i 52 5 B2 L 40 i
SNETRA RE RO R YL X (F 40 ;% B ALY (o B,

2.6 GRMEBEERREGYLE SLIRA 1 A H B R B (B 5A),
34 A B S BHAE (B 5B L5 A~ B 55 BH L K 4R Rk (]
5C) ;% A 2 Yo o B

2.7 RT-PCR#&M S 4l 34 A T 5585 & 11 mRNA
371 bp R IK L H A A mRNA & &k X B4
EHMEREKE 6A6B), 54 AR T B 8 5 mRNA 7

s
i
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371 bp il FIK H BT E 1 mRNA 1E 280 bp # il ik 5 X

A1 H5B3ANHC5 A,

B 5 hUCMSCs/PHBHHx LI 1.3.5 4~ AWIERERE S (X 100)
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| BRRES
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— | BRRER
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A~B:hUCMSCs/PHBHHx # A 3 A T BRI B HF 8 9 5 #6355 C.D: hUCMSCs/PHBHHx #5 A 5 4~ H T B R B B 8 A 1 3 A

IR 1S 2 0 A,

& 6 hUCMSCs/PHBHHx E W EE R IE

3 i it

Pl F 40 M 1 FRBUE B 8 TR T 5T 0 56l (RO B
3 hUCMSCs 1975 2 H #3222 B TH 10 2 R 20 20 He i B 3k
i A P 3 8 MSCs (1 L3, (ALK 2 4 7T RE % 7 48 i 41
I o e 2 56 40 i 3 AR A7 R W 4 G B L AR S BG E FH 4 40
U B 9 o A2 38 e Sfe R ) hUCMSCs #4714 41 43 88 35 5%  BF 9% &5
S5 RS ) — B0, 3% 07 vk AR N B 2 B IR b AY B
B i B I M K 2 ) oy AT R 1) MSCs,

AR MR B HA TROELERZ —. MR
Yy B2 ot 400 P ek B 4 7 AR AR K R RE L SR OK M R T
I 20 0 1) 85 B R A K, 2 FL A5 A FE T8 SR W I 8 0B T AN iR
B IE B AR . — % a2 T A O s A st i i B R
FLR LB T 22 IR S R A 3 A X A e 2 TT R AT 8 1 LA
3 LR KV R A0 BT AR S G o SR e B R R
WS B R 7 3k B R A R K L S R R B MR B Al
MEEN L, BRI RE MY . FHGH s, i 5
SB35 IR UL I A R T BE AR HL A0 B B AR A A K IR B A R T
2T i £ 785 B R0 A

hUCMSCs/PHBHHx & & A BRI HB L T .15 54
i/ X BB A RANES T 1.3.5 A EEARERFFEAR,
A A tE , HE Qe @i S 4l 1 A H it W 84 % .3 A
WL 2 U R s IR i R A AT .5 A H I WA 2 )2
HAHL KGR GRS X UL A YRR N 2T 5 A A
BRI B . 1 B R s ke & ALP Yeta il 59

E 4 - B P -5 B P 9 2o i OE 4 EROE TR A 0 AE 1R P Y R B
. UL 3R US4 DL R S5 5 3 58 )5 hUCMSCs Jf:
AR 2 BLE AN A 2% D [R) s R A 5 1 i % S 0 A0 it A 3 B L RT LA
o2 PHBHHx WG M AT AN E AR E LA, XK
41 PHBHH=x W] A fE O/ 15 R A BB 5 45 /N & 58 4 W 1# .
HE %6 1 A~ H ik PHBHHx XA K Z R4, W
MOELER B 53 A1 i PHBHHx 3R 1H A /D 5 1 2 M40 i, T B
BRI A SRR AR Y O M. $28 PHBHHx /E
SCHRE KRR A R U 00 A 0 A 2 M R T Y I

RT-PCR Kl X\ EE 2 W3 TE T LA 25 5%, Hovp T B i
JRAEEAESS 3.5 A H I PR F ik 5 2 FH P, i OPN 3% 5 %3k
A3 A HA RN S AR HEME. aTRE S OPN
R CE T e AR AR R R E B W& RSN R A
PP 5 B — s R AR B, BT BB B L R
AR PYAR SEBRBE PR R A7 A A B

ARSI e F B A TR W SRR SRR L 45 SR 48 R PHBHHx
%A hUCMSCs LA B 15 5 Ja B A 76 8 B o S5 4 e
PP TRRFMEES A 2 TR Rk, H
UM 1 3R FAK LA AR S 15 JPHBHHx {5 £ 78 35 7K 1 25 5 T
AR AR LAJE 1 S5 56 v it — 25 itk
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