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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)� 
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1.4.1  ��[/  181¡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
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hiJ�
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!��� !�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��
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4C)�¶I4-0�H-·¸¹^��º����£µâ�¦�
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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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� 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 
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�(×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) 

 

A B C 

A B C 

A B C 

A B C 

A B C 



 

����. ����	�
���������������� 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

5126 

www.CRTER.org 

3������Discussion�

��������	
������������

�������� !"#$%	�����&'�(

)*+,-./0 ����12"#$%� !34

������56789:�;<�=/>?@A�

��BC

[9-12]

.DEFGHIJ��K���1L�M

NO34@PIQ������

[13-15]

.R9:���

��ST� !UVG"#WX��YLZ[

[16-17]

.\]

FGHIJ��DE1L^_����`aWbZ�

�IQcd

[18-19]

.efgh���iFGHIJ�

�34���jkl(m�nTo. 

pqfgr����iFGHIJ��34��

�jkl(m�nTo�st���uFGHIJ

��v"#NwxUyz

[20-22]

�34{|PIQ����

}Chen~

[23]

������FGHIJ��h��

�G�������v"#�1������v"#��

FGHIJ���aggrecanu�a��`�%��e��

��lv"# �����NDEFGHIJ��K

���1L.Tsuchiya~

[24]

�����u�FGH

IJ��v"#���v"#�^U���qf ��

���¡�����a��`�%��e����FG

HIJ��NO¢����%£u��!¤I�¥_.

l¦§¨©�*+���ªFGHIJ���ª9:�

��l !v"#1«���q¬®�¯¤°®v¬±

²³�34�����.¦§��v"#34����

 ´µ�¶·�S¸o���¹º»�¼��%£½¾�

1¿ÀÁ�ÂÃÄÅ�@Æ��!¤IÇ¥_È�S�

ÉÊË_Ì�a��ÍÎÏ´ÐÑÒ¬ÑÓQ~ÀPqf

 ���"#��ÔV��ª����ªFGHI

J��Õ2Ö1�×Øv"#V�BCÙd

[8]

. 

Ú¨l !=]NO34{PIQ������

�st����Û6Ü Ý789:�;<BC

Þßà

[25-26]

}Komárek~

[27]

~������hâãä

åæ�çmq�è�789:�;<�92.3%é>

?êëBC�Rìíîçm@ï�Wð_����ÛñÐ

bZuòÉ.Knecht~

[28]

×@?�ó¥Ðâãäåæ�Ð

ôó¥����^±õ¹oN���ôó¥çm�

��^±õ¹oNÙA�\âãäåæ�çmoNÙï.

Rôçm����u�ö���Ç¥÷ø@ï.st�

ÞßùNú������|�ûç�çm�|ü�ý¥�

ÔVq�ö��|A�Ç¥}þ�~

[29]

�������

����	

�²³������!¤I
��

²³�r�12��
�����²³.�_�

DE�FGHIJ����q��²³�34�8

¥ �78�������;<��C���;<

BC�d.¦§¨© !12"#$%�_���9:

����1���q�®��u¬®¬¯¤°®¬¥

±�"#2����ó¥�_0 �8¥ ���ì8

¥ �Ü;<��789:�;<.h�����ó

¥çm���.���/ ��.¦§���8¥ 

��µ º»���¹!1~íÏÀ�q���

[30]

.¦§

�ú"�Ôqþ�~

[29]

hFGHIJ��¦����

��\	r�_��u���¦������#S$

A����`a���ó¥í%3_�8¥ �

NOú����@A�çm�h���ö��Ç¥�&

\�'$A�78BC.�(¦§��� !PIQ��

������¥ Ý$A�çm���ùN@A�78

9:�;<. 

l)**+�� !"#$%�9:����F

GHIJ���v"#2«���q¬®¬¯¤°®¬¥

±�+,v"#2�34v"#�����.hf �

��34�����������ó¥çmq�®��

Ë_�8¥ �56789:�;<.����µ

 º»���¹-È��a��./�LÍÎ�mQ��

�a��ÍÎÏ´�0¤ÑÒ¬ÑÓQ.�C���v"

#��78��1�2� `Ï¶·34���ö9:�

��5¥$A.��¹º»�¼��3XÅ���!¤

I1¿|ÀÁ���ö9:�����è��5¥

$A.�a��ÍÎÏ´�ÑÒ¬ÑÓQÀ�q����

6å�.¦§������uFGHIJ�� !v

"#34?PIQ���������ó¥q�®��

3_�8¥ �ú�? Ý78è�$Açm�&\

@A�78?9:�;<. 

9�:;�h���uFGHIJ��¦���

��� !$%��v"#34PIQ�������

�ó¥�í%�_�8¥ Û6±�<ú�$Açm�

ý¥@ü�������=>9:�G5¥A�NS

B789:�;<. 

 

�����������	
��������������

������������� ���!"#$%&$'(����

)*���+,
-./�0*1�

������23456789:;�<34=>7�;78?

@A�234;0BCDA��$E34;�234FG$HI1 

��	
�JK34=>LMGN�O�PQRS1 

����78TUV+,
-./WX����
�YZ78

[\]^_`a178b�cdefgh
/ijk_l�mYZ[

\noP�34�+=pq�rstfuvw178YZxyz{5

6JK�|};~�2����.��s�����$�����1

GN���nij���GNc�elYZ78��78����w

��+q(ARRIVE�+)1 

�����GN����Vb CNKI� ¡G¢£¤¥¦56 3

§¨©1 

�����GNVf�ª>6«H¬u®«H;¯°r±²³

´µ1 

������234�������¶G·�¸�¹º6A»¼

½�1¶G·¾t�¿ÀÁÂ$ÃÄ(ÅÆ:ÇÈÃÄÉ)ÊËtÌr

�ÍÎK�wÏÐÑ$ÒÓ�ÔÕ;MÖ×Ø¨1 



 

����. ����	�
���������������� 

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

5127 

www.CRTER.org 

�����GN���ÙÚ�n��34Û#�ÜÝe�#O�

kÞ1 

�������ßà2áâãäåGN;GN���ÙÚ�n�

�34Û#�ÜÝe�#O�kÞ1æÄlçp=ÓèMkÞqéÝ

êëìíîïðñëO>Tò=Ó3.0óôõ;x°\öñ�÷ø{;

ùèú�ûìíîïü�ým¿G�þij$�����;>�ùè

��ñ��	${
$��$�$��$£�$���Ö�G¢;

~A����ö;ñ3�����ÃÄ�����°vñ�1 

 

4  ����  References 

[1] Komárek J, Vališ P, Repko M, et al. Treatment of deep 

cartilage defects of the knee with autologous chondrocyte 

transplantation: long-term results. Acta Chir Orthop Traumatol 

Cech. 2010;77(4): 291-295. 

[2] Duarte Campos DF, Drescher W, Rath B, et al. Supporting 

Biomaterials for Articular Cartilage Repair. Cartilage. 2012; 

3(3): 205-221. 

[3] Mazor M, Lespessailles E, Coursier R, et al. Mesenchymal 

stem-cell potential in cartilage repair: an update . J Cell Mol 

Med. 2014;18(12): 2340-2350. 

[4] Raghunath J, Salacinski HJ, Sales KM, et al. Advancing 

cartilage tissue engineering: the application of stem cell 

technology. Curr Opin Biotechnol. 2005;16(5):503-509. 

[5] Chen S, Fu P, Cong R, et al. Strategies to minimize 

hypertrophy in cartilage engineering and regeneration . 

Genes Dis. 2015;2(1): 76-95. 

[6] Li H, Sun S, Liu H, et al. Use of a biological reactor and 

platelet-rich plasma for the construction of tissue-engineered 

bone to repair articular cartilage defects. Exp Ther Med. 

2016;12(2): 711-719. 

[7] Kopesky PW, Byun S, Vanderploeg EJ, et al.  Sustained 

delivery of bioactive TGF-β1 from self-assembling peptide 

hydrogels induces chondrogenesis of encapsulated bone 

marrow stromal cells . J Biomed Mater Res A. 2014;102(5): 

1275-1285. 

[8] ��,���,��	.
���������������

�����
��� !"[J]. #$�%&',2010,30(7): 

684-690. 

[9] Ochi M, Uchio Y, Kawasaki K, et al. Transplantation of 

cartilage-like tissue made by tissue engineering in the 

treatment of cartilage defects of the knee. J Bone Joint 

Surg(Br). 2002;84:571-578. 

[10] Liu Y, Chen F, Liu W, et al. Repairing large poreine 

full-thickness defects of artilage using autologous 

chondrocyte engineered cartilage. Tissue Eng. 2002;8(4): 

709-721. 

[11] Zhao M, Chen Z, Liu K, et al. Repair of articular cartilage 

defects in rabbits through tissue-engineered cartilage 

constructed with chitosan hydrogel and chondrocytes . J 

Zhejiang Univ Sci B. 2015;16(11): 914-923. 

[12] Kock L, van Donkelaar CC, Ito K. Tissue engineering of 

functional articular cartilage: the current status . Cell Tissue 

Res. 2012;347(3): 613-627. 

[13] Lv YM, Yu QS. Repair of articular osteochondral defects of 

the knee joint using a composite lamellar scaffold. Bone Joint 

Res. 2015; 4(4):56-64.  

[14] Ma X, Sun Y, Cheng X, et al. Repair of osteochondral defects 

by mosaicplasty and allogeneic BMSCs transplantation . Int J 

Clin Exp Med. 2015;8(4): 6053-6059. 

[15] Yamasaki S, Mera H, Itokazu M, et al. Cartilage Repair With 

Autologous Bone Marrow Mesenchymal Stem Cell 

Transplantation: Review of Preclinical and Clinical Studies. 

Cartilage. 2014;5(4):196-202. 

[16] Marlovits S, HombauerM, Truppe M, et al. Changes in the 

ratio of type-I and type-II collagen expression during 

momolayer culture of human chondrocytes . J Bone Joint 

Surg (Br). 2004;86(5):286-295. 

[17] Brittberg M, Gomoll AH, Canseco JA, et al. Cartilage repair in 

the degenerative ageing knee. Acta Orthop. 2016;87(sup363): 

26-38. 

[18] Fujie H, Nakamura N. Frictional properties of articular 

cartilage-like tissues repaired with a mesenchymal stem 

cell-based tissueengineered construct. Conf Proc IEEE Eng 

Med Biol Soc. 2013:401-404. 

[19] Liu K, Zhou GD, Liu W, et al. The dependence of in vivo 

stable ectopic chondrogenesis by human mesenchymal stem 

cells on chondrogenic differentiation in vitro. Biomaterials. 

2008;29(14):2183-2192. 

[20] He X, Feng B, Huang C, et al. Electrospun 

gelatin/polycaprolactone nanofibrous membranes combined 

with a coculture of bone marrow stromal cells and 

chondrocytes for cartilage engineering. Int J Nanomedicine. 

2015;17(10):2089-2099. 

[21] Zhang L, He A, Yin Z, et al. Regeneration of 

human-ear-shaped cartilage by co-culturing human microtia 

chondrocytes with BMSCs . Biomaterials. 2014;35(18): 

4878-4887.  

[22] Kang N, Liu X, Guan Y, et al. Effects of co-culturing BMSCs 

and auricular chondrocytes on the elastic modulus and 

hypertrophy of tissue engineered cartilage. Biomaterials. 

2012;33(18):4535-4544.  

[23] Chen WH, Lai MT, Wu AT, et al. In vitro stage-specific 

chondrogenesis of mesenchymal stem cells committed to 

chondrocytes . Arthritis Rheum. 2009;60(2):450-459.  

[24] Tsuchiya K, Chen G, Ushida T, et al. The effect of coculture of 

chondrocytes with mesenchymal stem cells on their 

cartilaginous phenotype in vitro. Materials Sci Eng. 2004;(24): 

391-396. 

[25] Ko CY, Ku KL, Yang SR, et al. In vitro and in vivo co-culture of 

chondrocytes and bone marrow stem cells in 

photocrosslinked PCL-PEG-PCL hydrogels enhances 

cartilage formation. J Tissue Eng Regen Med. 2016;10(10): 

E485-E496. 

[26] Liu X, Sun H, Yan D, et al. In vivo ectopic chondrogenesis of 

BMSCs directed by mature chondrocytes. Biomaterials. 

2010;31(36):9406-9414. 

[27] Komárek J, Vališ P, Repko M, et al. Treatment of deep 

cartilage defects of the knee with autologous chondrocyte 

transplantation: long-term results . Acta Chir Orthop 

Traumatol Cech. 2010;77(4): 291-295. 

[28] 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. 

[29] (),*+,,-.,/.�����-
�0�12034�56

789:;�
�<=�� !"[J]. #$�%&',2011, 

31(5): 549-555. 

[30] ��,>?@,ABC.D1�����
�0�120EFG


�<=[J]. #$� H%&',2013,30(3):593-595.  


