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Abstract;  [Objective] To observe the condition of constructing the tissue engineered chondral composite constructing by co-
culturing the chondrocyte which were induced from bone marrow stem cells (BMSCs) and nano-hydroxyapatite/chitosan scaffold
(nano-HA/CS), under a boot-shaped structure after compositing. The effect of the composite on repairing the osteochondral defect of
rabbits” knee were observed. [Methods]The technique of combining the in situ hybridization and freeze-drying was taken to fabricate
nano-HA/CS scaffold. The cylindrical boot-shaped structure were made of polytetrafluoroethylene. The chondrocyte were induced from
BMSCs by cultivating in the chondrogenic differentiation medium. Then they were seeded into the bottom of the nano-HA/CS scaffold

whose top was coverd by the boot-shaped structure. The composite was cultivated in the chondrogenic differentiation medium for 2
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weeks. The structure of nano-HA/CS scaffold and composite was observed by scanning electron microscope. The osteochondral defects
in the epicondyle of femur, which was 4 mm in diameter and 8 mm in depth, were constructed in 30 New Zealand white rabbits. The
rabbits were divided into three groups, experimental group (composite induced with boot-shaped structure grafted into the defect)
control group (composite induced without boot-shaped structure), and blank group (with no implant). Finally the curative effect of
specimens after 4 and 12 weeks were evaluated respectively.  [Result] BMSCs can be induced to chondrocyte after cultivated in the
chondrogenic differentiation medium. The nano-HA/CS scaffold with 92% interstice ratio and 125 pm diameter had a good adhesion
with chondrocyte. In general, cartilage-like tissue were found in experimental group and control group, while fibrous tissue were found
in blank group where the defect was still obvious. The HE staining showed that the cartilage defect was repaired by chondrocyte partly
and the bone defect was repaired by osteoblasts partly in the experimental group. There was a crossing area in the cartilage-bone
interface. Thus the repairing effect and coupling status of cartilage-bone interface in the experimental group was superior to the control

group and blank group obviously. Statistical analysis of gross specimen and chondral histology also showed that the experimental group

was superior to the other two groups.

[Conclusion] BMSCs have the chondrogenic potentiality. Nano-HA/CS scaffold has good

adhesion with chondrocyte. By co-culturing chondrocyte and Nano-HA/CS under a boot-shaped structure can construct the tissue

engineered chondral composite, which was proved to be able to repair osteochondral defect in rabbits.
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the top of the scaffold was separated from
the medium by the boot-shaped structure

i chondrogenic differentiation medivm
B the bottom of the scaflold was
contacted with the mdium
The scaffold was devided into part A and part B. A
was separated by the boot-shaped structure

temporarily for repairing osteochondral defect. B
was for adhension and proliferation of chondrocyte
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The block diagram of the boot-shaped structure

The nano-HA/CS scaffold and the boot-shaped structure
The osteochondral defect

Toluidine blue staining of the BMSCs after induced for 14 d

Fig.5 Scanning electron microscope observation of the nano-HA/

CS scaffold (x 1 000)

Scanning electron microscope observation of the composite

graft(x 3 000)
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Experimental group
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12 weeks

Control group Blank group

B7 KA REAFMEEHFEAERPOKERE

Fig.7 General shape of experimental group, control group and blank group at 2 time points

Experimental group

Control group Blank group

Fig.8 HE staining (x10) of experimental group, control group and blank group at 2 time points
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Table 1 The gross grading after 4 weeks (xxs)
Group Coverage of cartilage Neocartilage color Defect margins Surface Score
Experimental group 3.89 £0.33 2.44 +0.53 3.00 £ 0.70 2.33 £0.50 11.37 + 1.22
Control group 2.20 £ 0.42 1.30 £ 0.48 1.60 £ 0.51 1.30 £ 0.48 6.40 +0.70
Blank group 0.40 £ 0.52 0.20 £ 0.42 0.20 £ 0.42 0.30 £ 0.48 1.10 £ 0.88
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Table 2 The gross grading after 12 weeks (x+£s)
Group Coverage of cartilage Neocartilage color Defect margins Surface Score
Experimental group 3.89 £0.33 2.78 +0.44 3.67 £ 0.50 3.33 £ 0.50 13.67 + 1.00
Control group 3.00 = 0.67 1.90 + 0.57 2.40 £0.97 1.90 + 0.57 9.20 £2.25
Blank group 1.50 £ 0.85 1.20 £ 0.92 1.10 £ 0.74 0.70 = 0.95 3.30+1.70

%3 O’Driscoll HLZETFHER
Table 3 The O’Driscoll histological grading (x+s)

Group 4w 12w

Experimental group  12.40 + 0.89 17.00 £ 1.22
Control group 7.20 + 2.68 9.80 = 0.45
Blank group 1.40 + 0.55 4.80 +1.30

3 9
3.1 #hF4REa

A 2 SR Y AR 20 M T G T A IR Y
BMSCs /4%, % 1R A AHCE AR 23
ARR R [ ol S AR B A4 A A R A R £

B SR 7K A e 2 0 X L i 26 80 14 DR ol | 35
Brb g faien, miHRIE AR Wit TCF-B1 S5l
BMSCs [ 5RHE 40 A5 a1 4346 2 L rT SE (0 ik,
A (R 5K A 5 S R R A I B Ak 52 43 1 2
it 5 i 4 K IR 4B B S B, YR
52T BMSCs 15 5 T A5 B9 20015 40 e T LAAE R 21 40
TR FIFAI 2 —

A2, JoIe & K 513 8 )5 1) BMSCs id J&
BMSCs {&4MA T 5 AT i cs 4, f&4C5 i
FEHILRBFRE , AT AR I G 5 B 1k
HBUEAS | BRI E, E R, 2
PR AP A B ol 240 B AR 220 T R R A A2 B AR 2
JE, BREAR 22 240 TR B 58 AR AN (il FH 8 d
AP AR SRR B Fh 40 M I R T AR A R



286 FILRAE A (B2 R

H33E

TRPERT, U5 AN A SR AR A . Rt
KAL TP =ERZ WP NRD &
BA T HRAIN AL
3.2 XM

¥ F Wk K A1 (hydroxyapatite, HA) B K 49
AL AR W AR E BT BORLR A7 e
PER AR AN A2 38 5 A0 KR ek i g oKk 72
BEBE AL T HA JEERIA R, HA KWK
BLR ARG KA S L R e b
(chitosan, CS)J&—Fh KIRRBHE FAHW 20, )
BRI, AT DL 2B K R B 8K, A S i
it U G SV VR TR T A 4G G 145 19 nano—
HA/CS S B4 FLAR A 125w, FRBEULEE R 4N
LSS5 R R I R D AR, AR NS 4
JAYREAR S JRAS G T R s i) 2

“HHAUFE A YRR ORE SRR e A
i (8 22 FL i R 805 e 5 T ELA T M A W ) B R A Y
PR E AR, @A S I RE R B RS
SR A SR T 40 T B A8 A i AT B A R
B 1 R AH 28 AR SN B B AR T A sk R Fh S
PR 20 R AR
3.3 EGEMETTIE

B B A AR 5 AR ke gl R S
M P BT A i 4 ) (B AP AE i i 5
PRSI | G854 5 e Ak IR 8] A DB PiC 45 A
JRUO ARSI BT RR IR I 2 i S R S e
Bt 5 P T 0 A A A B A AR T o
HON 5 15 R B i, 4 ey A e A v 7E e it
WSRO A, I B RSEA SR G
T HAL I, 75T S5 Sl B R A R Bl B 5
LIRS 1RO 3 BRSNS 2 531 G ey
FERECE T B BRI B, SR A A SR i
ok e P By St 1 < ik Gl A il A G R AE G
JEFIERCE N B AR AT Th Y, R Re L
A PRI, ol &1 PP X0 Bl A8 52 1 52

SIS HPORNE I AR ROK RE IS A RTE], RS
“Bik AT AN R K BE 23 i B A
JERIAS SR AN ] S0 S 50 1) B Ak
AT T2 i SR N AR A A S AT RE Y —
3.4 #H—HRE

AR S R RO A R - R
HRITE B E O B B Y IER]
FHEREATIA T IRANTGE . Eolat H AU TR

TIE RO B OB B B M A R AR,
RO SCARAT RO B T2, L RAT BB L
(ZNSEE LISl INiE= 2 Ca S NS R RN e e
UF S A IR A2 ) S L, 52 B R REAEAT
B RN AR B BN e AR AE

SE WK

[1] Nastaran M, Pauline M. Tissue engineering of human

cartilage and  osteochondral ~ composites  using
recirculation bioreactors [ J]. Biomaterials, 2005, 26
(34): 7012-7024.

[2] Vassilis K, David K. Porosity of 3D biomaterial scaffolds
and osteogenesis [ J]. Biomaterials, 2005, 26 (27):
5474-5491.

[3] Wood JJ, Malek MA, Frassica FJ, et al. Autologous
cultured chondrocytes: adverse events reported to the
United States Food and Drug Administration[J]. J Bone
Joint Surg Am, 2006, 88(3): 503-507.

(4] MRate, £HME, B, 5. AACE8ERE 725 T400
S I IS REAG 52 G R O3 4 J2 200 A 1) S B T Y
(] hEBEEE@SRIAE, 2006, 20(12): 1229-

1234.
[5] Hu Q, LiB, Wang M, et al. Preparation and
characterization of biodegradable chitosan/

hydroxyapatite  nanocomposite rods via in situ
hybridization: a potential material as internal fixztion of
bone fracture[ J ]. Biomaterials, 2004, 25(5):779-785.

[6] Wayne JS, McDowell CL, Shields KJ, et al. In vivo
response of polylactic acid —alginate scaffolds and bone
marrow-derived cells for cartilage tissue engineering[J].
Tissue Eng, 2005, 11(5-6): 953-963.

[7] KuhSU, Zhu Y, LiJ, et al. Can TGF-B1 and thBMP-2
act in synergy to transform bone marrow stem cells to
discogenic-type cells [J]. Acta Neurochir (Wien),
2008, 150(10): 1073-1079.

[8] YangY, YaoQQ, PuXM, etal. Biphasic calcium
phosphate macroporous scaffolds derived from oyster
shells for bone tissue engineering [J]. Chem Engin J,
2011, 173(3) . 837-845.

[9] Knecht S, Erggelet C, Endres M, et al. Mechanical
testing of fixation techniques for scaffold-based tissue-
engineered grafts [J]. Biomed Mater Res B Appl
Biomater, 2007, 83 (1): 50-57.

[10] Hunziker EB, Stihli A. Surgical suturing of articular
cartilage induces osteoarthritis-like changes [J].
Osteoarthriti Cart, 2008, 16(9) . 1067-1073.

(# R A)



