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Abstract 

BACKGROUND: Articular cartilage damage caused by traumatic articular cartilage defects and osteoarthritis is a 

common clinical disorder, and its treatment is an issue of concern. Tissue engineering provides a new method for 

articular cartilage repair. But insufficient cartilage cell source is always a thorny issue.  

OBJECTIVE: To explore the feasibility of repairing articular cartilage defects with tissue-engineered cartilage 

constructed by co-culture of chondrocytes and bone marrow mesenchymal stem cells (BMSCs), and evaluate the 

curative efficacy.  

METHODS: Chondrocytes and BMSCs were isolated from swine articular cartilages, expanded in vitro, mixed after the 

first passage, and then co-cultured for another passage. The mixed cells were seeded onto a polyglycolic acid/polylactic 

acid scaffold and, followed by 2 weeks co-culture, then sutured into osteochondral complex. The co-culture 

tissue-engineered cartilage was transplanted into the defect region. The tissue-engineered cartilage constructed with 

single chondrocytes served as control group. Those received no intervention as blank control group. Six months later, 

the gross observation and histological staining were performed, as well as the dying area of collagen type II and level of 

glucosamine polysaccharide were detected.  

RESULTS AND CONCLUSION: In the co-culture group, the tissues were chondroid with smooth and glossy surface, 

and well connected with the surrounding tissues. The control group presented with fiber-like tissues, while the blank 

control group showed no changes. The distribution of cartilaginous extracellular matrice in the co-culture group was more 

homogenous than the others, and there was a good connection between newly born tissues and the surrounding tissues 

as well as subchondral bone. Furthermore, the dying area of collagen type II and level of glucosamine polysaccharide in 

the co-culture group were significantly higher than those in the other groups (P < 0.05). To conclude, the co-culture of 

chondrocytes and BMSCs can improve the quality of tissue-engineered cartilage, which effectively contributes to the 

repair of articular cartilage. 

Subject headings: Chondrocytes; Mesenchymal Stem Cells; Cartilage, Articular; Tissue Engineering 

Funding: the Science and Technology Development Fund of Nanjing Medical University, No. 2013NJMU182 
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1���������Materials and methods  

1.1  ��  n����#���  

1.2  �����  �2014 1¡¢2015 6¡�£¤¥¦

~$§¨©ª«¬¥­®\¥$¯°'� !����#

��� 

1.3  �	


1.3.1  �#  W±²�1¡³�´µ¶·�¸¹W±²h

º»¼89� 

1.3.2  ½¾¿ÀÁ  DMEM/F12hi»(GibcoÂÃ�Ä

Å)�ÆÇÈÉ(GibcoÂÃ�ÄÅ)�ÊËÌÍ(Î¹ÏÐÍÂ

Ã)�Percoll[ÑÒ(SigmaÂÃ�ÄÅ)�Ó±ÔÕÉ(Gibco

ÂÃ, ÄÅ)�Ö× !hiØ(CorningÂÃ�ÄÅ)�25 cm

2

/ 

75 cm

2

hiJ(CorningÂÃ�ÄÅ)�10 cm !hiÙ

(CorningÂÃ�ÄÅ)�15 mL/50 mLÑ°Ú(CorningÂÃ�

ÄÅ)��ÛÜÝÞ(SigmaÂÃ�ÄÅ) �ÛßÞÛà»áÞ

Ûâ#©ãäåæ(çèéêÂÃ)� !hië(ìÅHereus 

BB5060±)�íîvïð��ñòó(OlympusÂÃ�ôk)�

YJ-875±õö1{÷(ø¹ö\ùúû)�DAB½¾ü(£¤ý

ì"#þ¾ÂÃ )�Ó±ÔÕ����� (MAB1330�

CalbiochemÂÃ�ÄÅ)�¬�ø�� (SigmaÂÃ, ÄÅ)�

1�9�¬�»	�
(SigmaÂÃ�ÄÅ)��Þ���(Sigma

ÂÃ�ÄÅ)��áÞ(SigmaÂÃ�ÄÅ)� 

1.4  ��


1.4.1  ��[/  18
1¡³W±²[�����n�s

��;[�¶/��È/���7�@{�����/�

���� !hi12����hi/��� !��L

MNOP !�hi/012��� 

1.4.2  ²���� !
[Ñ¿�R  ��/��hi

/W±²��&�V���� !"�����IPBS#

$%&j'1 mm

3

~W�0.25%ÆÉ37 ()\30 min%�

*çÍ�t�0.2%Ó±ÔÕÉ37 ()\4 h�+,�,Ò   

1 000 r/minÑ°5 min�-. !�/0
12; !3�

4s��95%�Õq !55×10

7

 L
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6a�25 cm

2

hiJ�
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DMEM/F12hi»þj� !CÒ�W°t�DEYñ�

FG41.108 3
Percoll[ÑÒ
Ñ°Ú��Ñ°�HV¯

MIJßÈK
�DL !M�#$%tNOhi»(B�P

[s10%ÊËÌÍ
DMEM/F12)!C�6a�25 cm

2
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J�hi�Q3 dRÒ1r�íîñSvïð=TU !"V
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]^  «1q�� !6a�_`a_
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��

�1)� 

1.4.5  �LMNOP !
]^  rs !Àtu«1q

�LMNOP !�90.07%
 !�kCD29�83.86%
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 !�kCD34�ju�L

MNOP !�G}l�oâ��pq(�

��
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1×10

6

{|6a�75 cm

2
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1.4.7  åæ��  �ÛßÞÛà»áÞÛâ#åæ&j

C}4 mm~W�~�©:10%�ÛÜÝÞ�©:��=�

P���á�)�%úI� 

1.4.8  /012��
_`  -w�hi !��� 

!��� !�G¢4×10

10

 L

-1

�V24DúIåæ�î�Ö

×hiØ�(Q×1D)�QDåæ���t40 µL !CÒ(�

�CÒ��åæ�)�7 !CÒ��åæ���åæ��  

37 ���P[s5%CO

2


hië�î4 h�Q×t2 mL

hiÒ�1 d%tA�hiÒ��ôRÒ�hi2�(�

��

�3)� 

1.4.9  �#��  ¶/W±²�5����������

���� ¡¢��£)�B¤����V����¥¯

�¦�§¨©¨=/0�iª«��¬­��®¯>�°�

54 mm�±�>�° !J²×³��7�´±(�

��

�4A)�

�È/�µ�¦���/��ñH��
/012��(�

��

�

4B)��hi/��ñH��
�hi/012��(�

��

�

4C)�¶I4-0�H-·¸¹^��º����£µâ�¦�

· %�»�V)tu� 

1.5  ������  

1.5.1  ~�¼kTU  V/¶������~�TU7�

�56WX�½ê56/0
K¾¿ÀÁ¿/0Â�¿�

JÃÄG��JTU56�/0
ÀÁ�¿�º/0
Å

âWX� 

1.5.2  /0$TU  ¶/¼kI40 g/L�Û�Æ¹^�Q

D¼kV9Ç�b[�IøÈÉ�ÊË2K��±ÔÕcd

/0\$2K (SP; DABvK )ð=TU�HI

Image-proplus 6.0ÌÍ[Îòó��±ÔÕcd/0\$

2K�b��±ÔÕ2KJP·^�[Î� 

1.5.3  ��Û�B�tu  QDÏkt1 mL)\Ò(B  

1 mmol/L EDTA�300 mg/LÈÐÇÈÉ�2 mmol/L¬�ø

��)|Ñ�65 �)\1 h%t)\ÒÓÒ(B50 mmol/L 

Tris/HCL�20 mmol/L�áÞ)¢5 mLÒÓ)\7u�HV

ÏÔ100 µLt2.5 mLvK¾(B3.04 g/LÕÝÞ�16 mg/L 

1�9¬�»	�
�2.37 g/L NaCL)y|�ÖH15 s��

525 nm×V��K�u^HÃG�5�Þ���4¼ØÔ�

Ùþ¼ØÚ¸�ÛÜ��Û�B�(�K;)� 

1.6  ��	
�  ��sÝ5x

�

±s�Þ�zISPSS 13.0 

�<���Å�'����¶/ßM�}zI�e�:S

[Î�¶/ßMàà�}zIq t��t�áØ4α=0.05� 
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�7C)�HIImage-pro plus 6.0ÌÍ[Îòó�
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2.4  ����������  ¶/��Û�B���1�

:S[ÎvÞ¶/ßMSùYvú�ûü(P < 0.05)�¶/
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� 1  �������	
��
���������� (x

�

±s�n=6) 

Table 1  Comparison of the dying area of collagen type II and level 

of glucosamine polysaccharide among groups  

���������	
��<�
�<����	��������(P < 0.05)� 

 

�� 
�� �
� ���� F� P� 

��� !"#$ 

%&�(%) 

67.17±3.05 78.12±4.49 91.25±2.38 39.041 < 0.05 

'()'*+(mg/g) 9.63±0.69 13.14±0.66 18.23±0.19 3.050 < 0.05 

 



 

����. ����	�
��
�������������� 

ISSN 2095-4344  CN 21-1581/R   CODEN: ZLKHAH 

5125 

www.CRTER.org 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  ��������	
��


�(×400) 

Figure 1  Chondrocytes stained 

with immunohistochemisty of 

collagen type II (×400) 
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Figure 3  Tissue-engineered 

cartilage fixed with tricalcium 

phosphate 
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Figure 2  Identification of bone 

marrow mesenchymal stem cells 

with flow cytometry 
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Figure 4  Swine articular cartilage defect repaired with the tissue-engineered cartilage 
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Figure 5  Gross appearance of the repaired cartilage 
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Figure 6  Hematoxylin-eosin staining of the repaired cartilage (x100) 
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Figure 7  The tissue-engineered cartilage stained immunohistochemically with collagen type II (×100) 
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