TEAATEANSIEKESE F15 % 720 4 2011 -05 - 14 HR
Journal of Clinical Rehabilitative Tissue Engineering Research May 14, 2011 Vol.15, No.20

@zr2

ME AT ERRIMGZ KRR F AL E**

- 1 -2 - & 472
25, LIRS, BRAAS, oW

Construction of vascularization artificial bone in vitro and ectopic osteogenesis in vivo

Guo Ying', Ma Wei-dong?, Chen Xiao-dong', Qu Zhe?

Abstract

BACKGROUND: Vascularization plays an important role in bone formation and remodeling, however, the oxygen and nutrition
are insufficient for large tissue block; therefore, it is necessary to solve the problem of vascularization in tissue engineering field.
OBJECTIVE: To investigate the method of constructing vascularization artificial bone in vitro and ectopic osteogenesis in vivo.
METHODS: Rat bone marrow mesenchymal stem cells (BMSCs) and kidney vascular endothelial cells were isolated and
cultured, and osteogenesis ability of BMSCs in different co-culture models (co-culture with or without direct contact) were
analysed by measuring the quantity of protein and the activity of alkaline phosphatase and osteocalcin. By establishing the
three-dimensional co-culture model of rat BMSCs and kidney vascular endothelial cells, vascularized artificial bone was
constructed, which was implanted into the muscle of rats. The angiopoiesis and osteogenetic ability of the implants were
observed by soft X-ray examination and hematoxylin-eosin staining.

RESULTS AND CONCLUSION: There was good cell compatibility when rat BMSCs and kidney vascular endothelial cells were
co-cultured. The ALP activity and osteocalcin was decreased in the simple culture groups, but increased in the direct and indirect
co-culture groups. Statistical analysis showed that the osteogenetic ability of BMSCs co-cultured group was higher than that of
simple cultured (P < 0.05). The in vivo experiment manifested that the intensity of soft X-ray and the quantity of vascular and new
formed bone in the vascularized artificial bone group were higher than those in the control group (P < 0.05). The osteogenetic
ability of BMSCs can be regulated by cytokines and cell membrane proteins when co-cultured with endothelial cells. Compared
with traditional artificial bone, vascularized artificial bones has lots of advantages, such as accelerating the differentiation and
proliferation of BMSCs, increasing local blood circulation and survive ratio, as well as accelerating osteogenesis and having more
powerful anti-infect ability.
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Figure 2 Immunohistochemistry staining of kidney vascular
endothelial cells (Immunohistochemistry staining,

x100)
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Figure 3 Scanning electron microscopy of bone marrow
mesenchymal stem cells (MSCs) and kidney
vascular endothelial cells (VECs) adhered on the
surface of PLGA scaffold (x1 000)

Bl 3 R 7o 4 AT B L R AR A P E PLGA 32

ZERPRER I A 1 BRI (<1 000)

4 i 58 0L 52 W.BMS Cs 11 S A2 A4 1 A1 2 THI 2l B 712
KRE, g, thable, 2mth 2 LA,

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

ARLFLIB P W] WK 240 A P AR s B VECs 2 R 8}
W TE, 7ESCARATRE PN 2RI 2 5 2 B A AR RS

2.5 RBMSCs#e R §VECs A28 Ak 8] 4 ik o 2 4k
Z %I FHATBMSCsa g #rn  Ki9E5 dfa, #AlEA
JRE B B S B ARG IRERS AT, ILE4,

0.8 b
gg 0.6 a
©
<2 04
0 ©
2w
a3 02 .
£5 [
E % 0 ——
<o _o.| VECS* MSCs+  Indirect  Direct
“"PLGA PLGA contect contect
a: Alkaline phosphatase activity
(22}
2 10 b
2 038
5 06 a
§ 0.4
3 o ]
[
o 0

VECS+ MSCs+
PLGA PLGA

Indirect  Direct
contect  contect

b: Osteocalcin

P < 0.01, vs. single culture; p < 0.05, vs. indirect culture

Figure 4 Effect of kidney vascular endothelial cells (VECs)
on bone marrow mesenchymal stem cells (BMSCs)
differentiation in co-culture system at 5 d
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Figure 5 X-ray images of each specimen at 12 wk after
operation

5 RJE12 A, SRR X H L

3613




@?%QWWW.CRTER.org

I, FMEN T EHSGERE N F O

2.7 FALREARANE B RIS HT

BIEEAE: B INARE—t age i n] DLOK & A R
Frs MPRHAZA ] W AT 44 R E Ak, B, —H
M)z, DR Wk A MR, R 4 A R %
SRR R 8D R DL R 4 M A i, J T /D B
TR, AR R LB, SEI0 A bR A L L A A
AL A T RN, I NPT ILBIZE AN s o R A
AMER KN, EREAINALI4M, WEK6a, b.

iEEeE: MM B, TG R WL 4
FLERYIRY, oy DR BB A B AR AR AT T L
AT AR ILE, /N gk 2, 1R/D WL L4 iz
Weo Do X B O WA E /NG R, B NG E AT
A, EAINRE, B, ZELR, TE/NERE.
SEICAHTE T BT AT, ILEl6e, d.

a2 BAE MR PR AR, TR BT LR 5 44
B E 85 Eh o, K o A B, IR E R
IR NRER, LW E RS Z, BN AL
B 4RI AS KU R BE TR T RG B/ RRY T35,
ANAERIERN, WNK6e, fo BN, M &
HOK, HSEEeA e+ X 41(P < 0.05).

3 Wie

a: Experimental group, 4 wk
post-implantation

v,

d: Control group, 8 wk
post-implantation

c: Experimental group, 8 wk
post-implantation
B 7
] § T o |

v

“

f: Control group, 12 wk
post-implantation

e: Experimental group, 12 wk
post-implantation

red arrows: scaffolds; blue arrows: new blood vseesl;
black arrows: new bone

Figure 6 Osteogenetic ability of each group at different time
points (Hematoxylin-eosin staining, x10)
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