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Abstract

Cartilage has limited self-regenerative capacity. Tissue 
engineering can offer promising solutions for reconstruction 
of missing or damaged cartilage. A major challenge herein 
�L�V�� �W�R�� �G�H�¿�Q�H�� �D�Q�� �D�S�S�U�R�S�U�L�D�W�H�� �F�H�O�O�� �V�R�X�U�F�H�� �W�K�D�W�� �L�V�� �F�D�S�D�E�O�H�� �R�I��
�J�H�Q�H�U�D�W�L�Q�J�� �D�� �V�W�D�E�O�H�� �D�Q�G�� �I�X�Q�F�W�L�R�Q�D�O�� �P�D�W�U�L�[���� �7�K�L�V�� �V�W�X�G�\��
�H�Y�D�O�X�D�W�H�G�� �W�K�H�� �S�H�U�I�R�U�P�D�Q�F�H�� �R�I�� �F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G�� �K�X�P�D�Q��
chondrocytes from ear (EC), nose (NC) and articular joint 
���$�&�������D�V���Z�H�O�O���D�V���E�R�Q�H���P�D�U�U�R�Z���G�H�U�L�Y�H�G���D�Q�G���D�G�L�S�R�V�H���W�L�V�V�X�H��
�G�H�U�L�Y�H�G���P�H�V�H�Q�F�K�\�P�D�O���V�W�H�P���F�H�O�O�V���E�R�W�K in vitro and in vivo. 
All cells (�• �����G�R�Q�R�U�V���S�H�U���V�R�X�U�F�H�����Z�H�U�H���F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G����
encapsulated in alginate and cultured for 5 weeks. 
�6�X�E�V�H�T�X�H�Q�W�O�\���� �F�R�Q�V�W�U�X�F�W�V�� �Z�H�U�H�� �L�P�S�O�D�Q�W�H�G�� �V�X�E�F�X�W�D�Q�H�R�X�V�O�\��
for 8 additional weeks. Before and after implantation, 
glycosaminoglycan (GAG) and collagen content were 
�P�H�D�V�X�U�H�G���X�V�L�Q�J���E�L�R�F�K�H�P�L�F�D�O���D�V�V�D�\�V�����0�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V��
were determined using stress-strain-indentation tests. 
�+�\�S�H�U�W�U�R�S�K�L�F���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���Z�D�V���H�Y�D�O�X�D�W�H�G���Z�L�W�K���T�5�7���3�&�5��
�D�Q�G���V�X�E�V�H�T�X�H�Q�W���H�Q�G�R�F�K�R�Q�G�U�D�O���R�V�V�L�¿�F�D�W�L�R�Q���Z�L�W�K���K�L�V�W�R�O�R�J�\����
ACs had higher chondrogenic potential in vitro than the 
�R�W�K�H�U���F�H�O�O���V�R�X�U�F�H�V�����D�V���D�V�V�H�V�V�H�G���E�\���J�H�Q�H���H�[�S�U�H�V�V�L�R�Q���D�Q�G���*�$�*��
content (p < 0.001). However, after implantation, ACs did 
�Q�R�W���I�X�U�W�K�H�U���L�Q�F�U�H�D�V�H���W�K�H�L�U���P�D�W�U�L�[�����,�Q���F�R�Q�W�U�D�V�W�����(�&�V���D�Q�G���1�&�V��
�F�R�Q�W�L�Q�X�H�G���S�U�R�G�X�F�L�Q�J���P�D�W�U�L�[��in vivo leading to higher GAG 
content (p < 0.001) and elastic modulus. For NC-constructs, 
�P�D�W�U�L�[���G�H�S�R�V�L�W�L�R�Q���Z�D�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���H�O�D�V�W�L�F���P�R�G�X�O�X�V��
(R2 = 0.477, p = �����������������$�O�W�K�R�X�J�K���D�O�O���F�H�O�O�V���±���H�[�F�H�S�W���$�&�V���±��
�H�[�S�U�H�V�V�H�G���P�D�U�N�H�U�V���I�R�U���K�\�S�H�U�W�U�R�S�K�L�F���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q��in vitro, 
�W�K�H�U�H�� �Z�D�V�� �Q�R�� �E�R�Q�H�� �I�R�U�P�H�G��in vivo. Our work shows that 
cartilage formation and functionality depends on the cell 
source used. ACs possess the highest chondrogenic capacity 
in vitro, while ECs and NCs are most potent in vivo, making 
them attractive cell sources for cartilage repair.

Keywords: Chondrogenesis, chondrocytes, mesenchymal 
stem cells, alginate, mechanics.
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Introduction

Cartilage is a highly specialised avascular connective 
tissue located at a variety of anatomical locations such as 
�W�K�H���H�D�U�����Q�R�V�H�����W�U�D�F�K�H�D�����U�L�E�V���D�Q�G���D�U�W�L�F�X�O�D�U���M�R�L�Q�W�V�����,�Q���J�H�Q�H�U�D�O����
�F�D�U�W�L�O�D�J�H���S�U�H�G�R�P�L�Q�D�Q�W�O�\���F�R�Q�V�L�V�W�V���R�I���D�Q���H�[�W�U�D�F�H�O�O�X�O�D�U���P�D�W�U�L�[��
(ECM), which is produced, maintained and remodelled 
�E�\���D���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���Q�X�P�E�H�U���R�I���V�S�H�F�L�D�O�L�V�H�G���F�H�O�O�V������������ %) 
���0�X�L�U�������������������7�K�H���H�[�D�F�W���F�R�P�S�R�V�L�W�L�R�Q���R�I���W�K�H���(�&�0���L�V���P�D�L�Q�O�\��
dependent on the tissue’s function and thus three major 
�V�X�E�W�\�S�H�V���F�D�Q���E�H���G�L�V�W�L�Q�J�X�L�V�K�H�G�����K�\�D�O�L�Q�H�����¿�E�U�R�X�V���D�Q�G���H�O�D�V�W�L�F��
cartilage. It is well known that due to its avascular origin, 
cartilage itself has a limited self-regenerative capacity. As 
�D���U�H�V�X�O�W�����F�D�U�W�L�O�D�J�H���G�H�I�H�F�W�V���F�D�Q���O�H�D�G���W�R���V�H�Y�H�U�H���S�D�L�Q�����G�L�V�D�E�L�O�L�W�\��
and aesthetic impairment. Currently, surgical repair of 
�F�D�U�W�L�O�D�J�H�� �U�H�T�X�L�U�H�V�� �H�L�W�K�H�U�� �D�X�W�R�J�H�Q�H�L�F�� �F�D�U�W�L�O�D�J�H�� �J�U�D�I�W�V�� �R�U��
�D�U�W�L�¿�F�L�D�O���P�D�W�H�U�L�D�O���L�P�S�O�D�Q�W�V�����+�R�Z�H�Y�H�U�����W�K�H�V�H���F�R�Q�Y�H�Q�W�L�R�Q�D�O��
�W�U�H�D�W�P�H�Q�W�V���D�U�H���������� �D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���O�L�P�L�W�H�G���D�Y�D�L�O�D�E�L�O�L�W�\��
�R�I���D�X�W�R�J�H�Q�H�L�F���W�L�V�V�X�H�������������F�D�Q���F�D�X�V�H���G�R�Q�R�U���V�L�W�H���P�R�U�E�L�G�L�W�\����
�D�Q�G���±���L�Q���W�K�H���F�D�V�H���R�I���D�U�W�L�¿�F�L�D�O���L�P�S�O�D�Q�W�V���±�����������D�U�H���S�U�R�Q�H���W�R��
�J�H�Q�H�U�D�W�H���D���I�R�U�H�L�J�Q���E�R�G�\���U�H�D�F�W�L�R�Q��
	 �7�R�� �R�Y�H�U�F�R�P�H�� �W�K�H�V�H�� �S�U�R�E�O�H�P�V���� �W�L�V�V�X�H�� �H�Q�J�L�Q�H�H�U�L�Q�J��
(TE) can offer a promising solution for restoring missing 
or damaged cartilage. TE-approaches have focused on 
the production of functional cartilage that has features 
similar to native tissue. In cartilage TE, small tissue 
�E�L�R�S�V�L�H�V�� �D�U�H�� �K�D�U�Y�H�V�W�H�G���� �W�K�X�V�� �J�H�Q�H�U�D�W�L�Q�J�� �P�L�Q�L�P�D�O�� �G�R�Q�R�U��
�V�L�W�H�� �P�R�U�E�L�G�L�W�\���� �&�H�O�O�V�� �D�U�H�� �L�V�R�O�D�W�H�G�� �I�U�R�P�� �W�K�H�� �E�L�R�S�V�L�H�V��
and stimulated to proliferate in culture providing large 
�T�X�D�Q�W�L�W�L�H�V���R�I���F�H�O�O�V�����7�K�H�V�H���F�H�O�O�V���D�U�H���V�X�E�V�H�T�X�H�Q�W�O�\���V�W�L�P�X�O�D�W�H�G��
to produce cartilage tissue which should structurally and 
�P�R�U�S�K�R�O�R�J�L�F�D�O�O�\���U�H�V�H�P�E�O�H���Q�D�W�L�Y�H���W�L�V�V�X�H�����2�Q�H���R�I���W�K�H���P�D�M�R�U��
�F�K�D�O�O�H�Q�J�H�V���L�Q���F�D�U�W�L�O�D�J�H���7�(���L�V���G�H�¿�Q�L�Q�J���D�Q���D�S�S�U�R�S�U�L�D�W�H���F�H�O�O��
�V�R�X�U�F�H�����7�K�H���P�R�V�W���R�E�Y�L�R�X�V���F�H�O�O���V�R�X�U�F�H���L�V���F�D�U�W�L�O�D�J�H���L�W�V�H�O�I����
�+�\�D�O�L�Q�H�� �D�U�W�L�F�X�O�D�U�� �F�D�U�W�L�O�D�J�H�� �L�V�� �P�R�V�W�� �I�U�H�T�X�H�Q�W�O�\�� �X�V�H�G�� �I�R�U��
�F�D�U�W�L�O�D�J�H�� �7�(���� �D�O�W�K�R�X�J�K�� �V�R�P�H�� �H�[�S�H�U�L�P�H�Q�W�V�� �K�D�Y�H�� �E�H�H�Q��
�S�X�E�O�L�V�K�H�G�� �R�Q�� �W�K�H�� �X�V�H�� �R�I�� �Q�R�Q���D�U�W�L�F�X�O�D�U�� �F�D�U�W�L�O�D�J�H�V�� ���H���J����
nasal, ear and costal cartilage) (Stoddart et al., 2009). 
�1�H�[�W���W�R���F�K�R�Q�G�U�R�F�\�W�H�V�����P�H�V�H�Q�F�K�\�P�D�O���V�W�H�P���F�H�O�O�V�����0�6�&�V����
with their multi-lineage differentiation potential and easy 
�D�Y�D�L�O�D�E�L�O�L�W�\���I�U�R�P���E�R�Q�H���P�D�U�U�R�Z���R�U���D�G�L�S�R�V�H���W�L�V�V�X�H���K�D�Y�H���E�H�H�Q��
demonstrated as an attractive cell source for cartilage TE 
���-�R�K�Q�V�W�R�Q�H��et al.�����������������3�L�W�W�H�Q�J�H�U��et al., 1999).
	 To date, we and others have evaluated the use of 
chondrocytes and MSCs of several anatomical locations 
�I�R�U���W�K�H�L�U���D�S�S�O�L�F�D�E�L�O�L�W�\���L�Q���F�D�U�W�L�O�D�J�H���U�H�J�H�Q�H�U�D�W�L�Y�H���P�H�G�L�F�L�Q�H��
���$�¿�]�D�K��et al., 2007; Asawa et al., 2009; Chung et al., 
2008; Hellingman et al., 2011; Henderson et al., 2007; 
Isogai et al.�����������������-�R�K�Q�V�R�Q��et al.�����������������.�D�¿�H�Q�D�K��et al., 

THE IN VITRO AND IN VIVO CAPACITY OF CULTURE-EXPANDED HUMAN CELLS 
FROM SEVERAL SOURCES ENCAPSULATED IN ALGINATE

TO FORM CARTILAGE
�0���0�����3�O�H�X�P�H�H�N�H�U�V1, L. Nimeskern2, W.L.M. Koevoet1, N. Kops3�����5���0���/�����3�R�X�E�O�R�Q1, K.S. Stok2

�D�Q�G���*���-���9���0�����Y�D�Q���2�V�F�K1,3,*

1�'�H�S�D�U�W�P�H�Q�W���R�I���2�W�R�U�K�L�Q�R�O�D�U�\�Q�J�R�O�R�J�\�����+�H�D�G���D�Q�G���1�H�F�N���6�X�U�J�H�U�\�����(�U�D�V�P�X�V���0�&�����8�Q�L�Y�H�U�V�L�W�\���0�H�G�L�F�D�O���&�H�Q�W�H�U�����5�R�W�W�H�U�G�D�P����
the Netherlands

2�,�Q�V�W�L�W�X�W�H���I�R�U���%�L�R�P�H�F�K�D�Q�L�F�V�����(�7�+���=�X�U�L�F�K�����=�X�U�L�F�K�����6�Z�L�W�]�H�U�O�D�Q�G
3�'�H�S�D�U�W�P�H�Q�W���R�I���2�U�W�K�R�S�D�H�G�L�F�V�����(�U�D�V�P�X�V���0�&�����8�Q�L�Y�H�U�V�L�W�\���0�H�G�L�F�D�O���&�H�Q�W�H�U�����5�R�W�W�H�U�G�D�P�����W�K�H���1�H�W�K�H�U�O�D�Q�G�V
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2002; Karlsson et al., 2007; Kusuhara et al., 2009; Lohan 
et al., 2011; Malicev et al., 2009; Naumann et al., 2004; 
�3�D�Q�R�V�V�L�D�Q��et al., 2001; Sakaguchi et al., 2005; Seda Tigli et 
al., 2009; Tay et al., 2004; van Osch et al., 2004; Vinardell 
et al., 2012; Xu et al., 2004; Yoshimura et al., 2007; Zhang 
and Spector, 2009). However, precise comparison of the 
�S�H�U�I�R�U�P�D�Q�F�H���R�I���F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G���K�X�P�D�Q���F�H�O�O�V���L�V���O�D�F�N�L�Q�J����
�7�K�L�V���N�Q�R�Z�O�H�G�J�H���L�V���L�P�S�R�U�W�D�Q�W���W�R���E�H���D�E�O�H���W�R���V�H�O�H�F�W���D�Q���R�S�W�L�P�D�O��
cell source for each application of cartilage TE. The 
current study was designed to evaluate the performance of 
�F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G���F�H�O�O�V���R�I���V�H�Y�H�U�D�O���V�R�X�U�F�H�V���I�R�U���J�H�Q�H�U�D�W�L�Q�J���D��
�V�W�D�E�O�H���D�Q�G���I�X�Q�F�W�L�R�Q�D�O���(�&�0��in vitro and in vivo. Therefore, 
human chondrocytes from ear, nose and articular joint and 
�0�6�&�V���G�H�U�L�Y�H�G���I�U�R�P���E�R�Q�H���P�D�U�U�R�Z���D�Q�G���D�G�L�S�R�V�H���W�L�V�V�X�H���Z�H�U�H��
�F�R�P�S�D�U�H�G���� �&�D�U�W�L�O�D�J�H�� �P�D�W�U�L�[�� �S�U�R�G�X�F�W�L�R�Q�� �Z�D�V�� �H�Y�D�O�X�D�W�H�G��
�X�V�L�Q�J�� �T�5�7���3�&�5�� �D�Q�G�� �E�L�R�F�K�H�P�L�F�D�O�� �D�V�V�D�\�V�� �G�X�U�L�Q�J��in vitro 
culture. Biochemical assays, histology and mechanical tests 
�Z�H�U�H���X�V�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�L�V�V�X�H���V�W�D�E�L�O�L�W�\���D�Q�G���I�X�Q�F�W�L�R�Q�D�O�L�W�\��
�R�I�� �F�D�U�W�L�O�D�J�H�� �F�R�Q�V�W�U�X�F�W�V�� �D�I�W�H�U�� �V�X�E�V�H�T�X�H�Q�W�� �V�X�E�F�X�W�D�Q�H�R�X�V��
implantation in vivo.

Materials and Methods

Cell sources
Ear (EC: n = 5, median age 69, range 17-75 years) and nasal 
cartilage (NC: n = 8, median age 24, range 18-46 years) 
�Z�H�U�H�� �R�E�W�D�L�Q�H�G�� �I�U�R�P�� �S�D�W�L�H�Q�W�V�� �X�Q�G�H�U�J�R�L�Q�J�� �U�H�F�R�Q�V�W�U�X�F�W�L�Y�H��
�V�X�E�W�R�W�D�O�� �V�H�S�W�R�U�K�L�Q�R�S�O�D�V�W�\���� �)�R�U�� �D�U�W�L�F�X�O�D�U�� �F�D�U�W�L�O�D�J�H�� ���$�&������
�E�R�W�K���K�H�D�O�W�K�\����n = 2, traumatic amputation) and diseased 
knee cartilage (n = 7, osteoarthritis) were harvested. 
Since no clear differences in chondrogenic potential 
�Z�H�U�H���Y�L�V�L�E�O�H���E�H�W�Z�H�H�Q���E�R�W�K���K�H�D�O�W�K�\���D�Q�G���G�L�V�H�D�V�H�G���$�&�����G�D�W�D��
�Q�R�W�� �V�K�R�Z�Q������ �Z�H�� �F�R�P�E�L�Q�H�G�� �W�K�H�P�� �I�R�U�� �I�X�U�W�K�H�U�� �H�[�S�H�U�L�P�H�Q�W�V��
(total n = 9�����P�H�G�L�D�Q���D�J�H�����������U�D�Q�J�H���������������\�H�D�U�V�������7�R���R�E�W�D�L�Q��
adipose-tissue-derived mesenchymal stem cells (aMSC), 
�V�X�E�F�X�W�D�Q�H�R�X�V�� �D�E�G�R�P�L�Q�D�O�� �D�G�L�S�R�V�H�� �W�L�V�V�X�H�� �Z�D�V�� �X�V�H�G�� �I�U�R�P��
�S�D�W�L�H�Q�W�V���X�Q�G�H�U�J�R�L�Q�J���U�H�F�R�Q�V�W�U�X�F�W�L�Y�H���E�U�H�D�V�W���V�X�U�J�H�U�\����n = 7, 
median age 51, range 34-71 years). All these tissue samples 
�Z�H�U�H���R�E�W�D�L�Q�H�G���D�V���Z�D�V�W�H���P�D�W�H�U�L�D�O���D�I�W�H�U���V�X�U�J�H�U�\���Z�L�W�K���D�S�S�U�R�Y�D�O��
of the local medical ethics committee (MEC-2011-371). 
�)�L�Q�D�O�O�\���� �E�R�Q�H�� �P�D�U�U�R�Z���G�H�U�L�Y�H�G�� �P�H�V�H�Q�F�K�\�P�D�O�� �V�W�H�P�� �F�H�O�O�V��
���E�0�6�&�����Z�H�U�H���K�D�U�Y�H�V�W�H�G���I�U�R�P���I�H�P�R�U�D�O���V�K�D�I�W���E�L�R�S�V�L�H�V���G�X�U�L�Q�J��
total hip replacement surgery, after informed consent had 
�E�H�H�Q�� �D�F�T�X�L�U�H�G�� �D�Q�G�� �Z�L�W�K�� �D�S�S�U�R�Y�D�O�� �R�I�� �W�K�H�� �O�R�F�D�O�� �P�H�G�L�F�D�O��
ethics committee (MEC-2004-142) (n = 11, median age 
63, range 39-72 years).

Cell isolation and culture
Expansion
To isolate chondrocytes, macroscopically intact cartilage 
pieces were washed after careful resection of the 
perichondrium (in the case of nasal and ear cartilage). 
Cartilage pieces were diced into small fragments and 
�L�Q�F�X�E�D�W�H�G���I�R�U���� �K���Z�L�W�K���S�U�R�W�H�D�V�H������ �P�J���P�/�����6�L�J�P�D���$�O�G�U�L�F�K����
�6�W�����/�R�X�L�V�����0�2�����8�6�$�������I�R�O�O�R�Z�H�G���E�\���R�Y�H�U�Q�L�J�K�W���L�Q�F�X�E�D�W�L�R�Q��
�Z�L�W�K�� �F�R�O�O�D�J�H�Q�D�V�H�� �%�� ���5�R�F�K�H�� �'�L�D�J�Q�R�V�W�L�F�V���� �0�D�Q�Q�K�H�L�P����
�*�H�U�P�D�Q�\�����L�Q���K�L�J�K���J�O�X�F�R�V�H���������� �J���/�����'�X�O�E�H�F�F�R�¶�V���P�R�G�L�¿�H�G��
�(�D�J�O�H�¶�V�� �P�H�G�L�X�P�� ���+�*���'�0�(�0���� �*�L�E�F�R���� �&�D�U�O�V�E�D�G���� �&�$����
�8�6�$�����Z�L�W�K������ �����I�R�H�W�D�O���F�D�O�I���V�H�U�X�P�����)�&�6�����*�L�E�F�R���������� �—�J��
�P�/���J�H�Q�W�D�P�\�F�L�Q�����*�L�E�F�R�������D�Q�G�������� �—�J���P�/���D�P�S�K�R�W�H�U�L�F�L�Q���%��

���)�X�Q�J�L�]�R�Q�H�����/�L�I�H���7�H�F�K�Q�R�O�R�J�L�H�V�����%�U�H�G�D�����W�K�H���1�H�W�K�H�U�O�D�Q�G�V������
To remove small parts of undigested cartilage, the cell 
�V�X�V�S�H�Q�V�L�R�Q���Z�D�V���¿�O�W�H�U�H�G���W�K�U�R�X�J�K���D���Q�\�O�R�Q�������� �—�P���P�H�V�K�����3�U�L�R�U��
�W�R���F�H�O�O���V�H�H�G�L�Q�J�����F�H�O�O���Y�L�D�E�L�O�L�W�\���Z�D�V���W�H�V�W�H�G���X�V�L�Q�J���W�K�H���W�U�\�S�D�Q��
�E�O�X�H���H�[�F�O�X�V�L�R�Q���W�H�V�W�����D�Q�G���F�H�O�O���Q�X�P�E�H�U���Z�D�V���F�D�O�F�X�O�D�W�H�G���Z�L�W�K���D��
�K�D�H�P�R�F�\�W�R�P�H�W�H�U�����&�K�R�Q�G�U�R�F�\�W�H�V���Z�H�U�H���¿�Q�D�O�O�\���V�H�H�G�H�G���D�W���D�Q��
�L�Q�L�W�L�D�O���G�H�Q�V�L�W�\���R�I���������� �F�H�O�O�V���F�P�����L�Q���µ�V�W�D�Q�G�D�U�G���F�K�R�Q�G�U�R�F�\�W�H��
�H�[�S�D�Q�V�L�R�Q���P�H�G�L�X�P�¶���F�R�Q�W�D�L�Q�L�Q�J���+�*���'�0�(�0���V�X�S�S�O�H�P�H�Q�W�H�G��
�Z�L�W�K�� ���� ���� �)�&�6���� ���� �—�J���P�/�� �J�H�Q�W�D�P�\�F�L�Q���� �D�Q�G�� ������ �—�J���P�/��
�)�X�Q�J�L�]�R�Q�H��
	 Bone-marrow-derived heparinised aspirates were 
�V�H�H�G�H�G���D�W���D���G�H�Q�V�L�W�\���R�I�����������[�����������Q�X�F�O�H�D�W�H�G���F�H�O�O�V���F�P�����D�Q�G��
�F�X�O�W�X�U�H�G���R�Y�H�U�Q�L�J�K�W���L�Q���µ�V�W�D�Q�G�D�U�G���0�6�&���H�[�S�D�Q�V�L�R�Q���P�H�G�L�X�P�¶��
�F�R�Q�W�D�L�Q�L�Q�J�� �O�R�Z�� �J�O�X�F�R�V�H�� �������� �J���/���� �'�X�O�E�H�F�F�R�¶�V�� �P�R�G�L�¿�H�G��
Eagle’s medium (LG-DMEM), supplemented with 10 % 
�)�&�6�������� �—�J���P�/���J�H�Q�W�D�P�\�F�L�Q���������� �—�J���P�/���)�X�Q�J�L�]�R�Q�H������������ �0��
�/���D�V�F�R�U�E�L�F���D�F�L�G�������S�K�R�V�S�K�D�W�H�����6�L�J�P�D���$�O�G�U�L�F�K�������D�Q�G���� �Q�J���P�/��
�E�D�V�L�F���)�L�E�U�R�E�O�D�V�W���*�U�R�Z�W�K���)�D�F�W�R�U���������E�)�*�)�������$�E�'���6�H�U�R�W�H�F����
Kidlington, UK). After 24 h, non-adherent cells and cell 
�G�H�E�U�L�V���Z�H�U�H���Z�D�V�K�H�G���R�X�W���D�Q�G���D�G�K�H�U�H�Q�W���E�0�6�&���Z�H�U�H���I�X�U�W�K�H�U��
�H�[�S�D�Q�G�H�G���X�V�L�Q�J���µ�V�W�D�Q�G�D�U�G���0�6�&���H�[�S�D�Q�V�L�R�Q���P�H�G�L�X�P�¶��
	 �7�R�� �H�[�W�U�D�F�W�� �D�0�6�&�V���� �H�[�F�L�V�H�G�� �K�X�P�D�Q�� �D�G�L�S�R�V�H�� �W�L�V�V�X�H��
was washed with LG-DMEM, minced, and suspended in 
������ �����F�R�O�O�D�J�H�Q�D�V�H���W�\�S�H���,���V�R�O�X�W�L�R�Q�����,�Q�Y�L�W�U�R�J�H�Q�����&�D�U�O�V�E�D�G����
�&�$�����8�6�$�����L�Q���W�K�H���S�U�H�V�H�Q�F�H���R�I���� �����E�R�Y�L�Q�H���V�H�U�X�P���D�O�E�X�P�L�Q��
���%�6�$���� �3�$�$�� �/�D�E�R�U�D�W�R�U�L�H�V�� �*�P�E�K���� �&�|�O�E�H���� �*�H�U�P�D�Q�\���� �L�Q��
�/�*���'�0�(�0�����$�I�W�H�U������ �P�L�Q���R�I�� �H�Q�]�\�P�D�W�L�F���G�L�J�H�V�W�L�R�Q���R�Q���D�Q��
�R�U�E�L�W�D�O�� �V�K�D�N�H�U���� �À�R�D�W�L�Q�J�� �D�G�L�S�R�F�\�W�H�V�� �Z�H�U�H�� �V�H�S�D�U�D�W�H�G�� �I�U�R�P��
�W�K�H���S�U�H�F�L�S�L�W�D�W�L�Q�J���0�6�&���I�U�D�F�W�L�R�Q���E�\���F�H�Q�W�U�L�I�X�J�D�W�L�R�Q�������� �P�L�Q����
�������� �5�3�0������ �Z�D�V�K�H�G�� �Z�L�W�K�� �µ�V�W�D�Q�G�D�U�G�� �0�6�&�� �H�[�S�D�Q�V�L�R�Q��
�P�H�G�L�X�P�¶���� �D�Q�G�� �¿�O�W�H�U�H�G�� �W�K�U�R�X�J�K�� �D�� ������ ���P�� �Q�\�O�R�Q�� �P�H�V�K����
Before cell seeding, the amount of nucleated cells was 
�D�V�V�H�V�V�H�G�� �X�V�L�Q�J�� �P�H�W�K�\�O�H�Q�H�� �E�O�X�H���� �D�Q�G�� �F�H�O�O�� �Q�X�P�E�H�U�� �Z�D�V��
calculated with a haemocytometer. The cell suspension 
�Z�D�V�� �V�H�H�G�H�G�� �D�W�� �D�Q�� �L�Q�L�W�L�D�O�� �G�H�Q�V�L�W�\�� �R�I�� �������������� �F�H�O�O�V���F�P���� �L�Q��
�µ�V�W�D�Q�G�D�U�G���0�6�&���H�[�S�D�Q�V�L�R�Q���P�H�G�L�X�P�¶��
	 All cells were cultured at 37 °C in air containing 5 % 
�F�D�U�E�R�Q���G�L�R�[�L�G�H�����0�H�G�L�X�P���Z�D�V���F�K�D�Q�J�H�G���W�Z�L�F�H���D���Z�H�H�N�����:�K�H�Q��
�F�H�O�O���F�X�O�W�X�U�H�V���U�H�D�F�K�H�G������ �����F�R�Q�À�X�H�Q�F�H�����F�K�R�Q�G�U�R�F�\�W�H�V���D�Q�G��
MSCs were trypsinised using 0.05  % trypsin-EDTA. 
�&�K�R�Q�G�U�R�F�\�W�H�V���Z�H�U�H���V�H�H�G�H�G���D�W���D�������������F�H�O�O�V���F�P�����D�Q�G���0�6�&�V��
�D�W�� �D�� ���������� �F�H�O�O�V���F�P���� �F�H�O�O�� �G�H�Q�V�L�W�\�� �I�R�U�� �I�X�U�W�K�H�U�� �H�[�S�D�Q�V�L�R�Q��
�W�R�� �L�Q�F�U�H�D�V�H�� �F�H�O�O�� �Q�X�P�E�H�U���� �$�O�O�� �W�K�L�U�G���S�D�V�V�D�J�H�� ���3������ �F�H�O�O�V��
�Z�K�L�F�K�� �Z�H�U�H�� �D�S�S�U�R�D�F�K�L�Q�J�� �V�X�E�F�R�Q�À�X�H�Q�F�H�� �Z�H�U�H�� �G�H�W�D�F�K�H�G��
and cultured in a three-dimensional alginate system (as 
�G�H�V�F�U�L�E�H�G���E�H�O�R�Z�����W�R���S�U�R�P�R�W�H���F�K�R�Q�G�U�R�J�H�Q�H�V�L�V��
	 In order to determine the proliferation rate of cultured 
�(�&�V���� �1�&�V���� �$�&�V���� �E�0�6�&�V�� �D�Q�G�� �D�0�6�&�V���� �J�U�R�Z�W�K�� �N�L�Q�H�W�L�F�V��
of three donors from each cell source were evaluated in 
�P�R�Q�R�O�D�\�H�U�� �H�[�S�D�Q�V�L�R�Q�� �X�V�L�Q�J�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �S�R�S�X�O�D�W�L�R�Q��
�G�R�X�E�O�L�Q�J�V�����3�'�����X�Q�W�L�O���V�X�E�F�R�Q�À�X�H�Q�F�\���D�Q�G���W�K�H���W�L�P�H���W�R���U�H�D�F�K��
�S�D�V�V�D�J�H�� �I�R�X�U���� �7�K�H�U�H�I�R�U�H���� �Z�H�� �K�D�Y�H�� �F�D�O�F�X�O�D�W�H�G�� �W�K�H�� �3�'���'��
���3�R�S�X�O�D�W�L�R�Q�� �'�R�X�E�O�L�Q�J�V�� �S�H�U�� �'�D�\���� �E�\�� �X�V�L�Q�J�� �W�K�H�� �I�R�U�P�X�O�D����
�3�'���'��� �����O�Q���1�����1�������O�Q�������������'�����Z�K�H�U�H���1�����Z�D�V���W�K�H���Q�X�P�E�H�U��
�R�I���F�H�O�O�V���D�W���W�K�H���E�H�J�L�Q�Q�L�Q�J���R�I���H�D�F�K���S�D�V�V�D�J�H�����1�����W�K�H���Q�X�P�E�H�U���R�I��
�F�H�O�O�V���D�W���V�X�E�F�R�Q�À�X�H�Q�F�\�����D�Q�G���'���W�K�H���Q�X�P�E�H�U���R�I���G�D�\�V���W�R���U�H�D�F�K��
passage four.

Chondrogenic differentiation
For three-dimensional alginate culture, isolated cells from 
�I�R�X�U���G�R�Q�R�U�V���R�I���H�D�F�K���F�D�U�W�L�O�D�J�H���V�R�X�U�F�H���D�Q�G���V�L�[���G�R�Q�R�U�V���I�U�R�P��
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each of the MSC-sources were suspended at a density 
of 4 �[ 106���F�H�O�O�V���P�/���L�Q���F�O�L�Q�L�F�D�O���J�U�D�G�H�������� % low viscosity 
alginate solution dissolved in 0.9 % NaCl (Batch MG-
���������� �&�H�O�O�0�H�G���� �$�O�]�H�Q�D�X���� �*�H�U�P�D�Q�\������ �$�I�W�H�U�Z�D�U�G�V���� �W�K�H��
�F�H�O�O���D�O�J�L�Q�D�W�H���P�L�[�W�X�U�H���Z�D�V���W�U�D�Q�V�I�H�U�U�H�G���L�Q�W�R���D������ mL sterile 
syringe from which the suspension was slowly passed 
through a 23-gauge needle to produce drops, which fell 
into a 102 mM CaCl2 solution. Following instantaneous 
�J�H�O�D�W�L�R�Q���� �W�K�H�� �E�H�D�G�V�� �Z�H�U�H�� �D�O�O�R�Z�H�G�� �W�R�� �I�X�U�W�K�H�U�� �J�H�O�D�W�H�� �I�R�U�� �D��
period of 10 min in the CaCl2���V�R�O�X�W�L�R�Q�����$�I�W�H�U���E�H�L�Q�J���Z�D�V�K�H�G��
once with 0.9 ���� �1�D�&�O���D�Q�G���+�*���'�0�(�0���� �W�K�H���E�H�D�G�V���Z�H�U�H��
transferred to 24-well plates. Controls were cultured in 
150 ���/���E�H�D�G���µ�F�R�Q�W�U�R�O���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���P�H�G�L�X�P�¶���F�R�Q�W�D�L�Q�L�Q�J��
serum-free HG-DMEM supplemented with ���� �—�J���P�/��
�J�H�Q�W�D�P�\�F�L�Q���������� �—�J���P�/���)�X�Q�J�L�]�R�Q�H������ �P�0���V�R�G�L�X�P���S�\�U�X�Y�D�W�H��
���*�L�E�F�R������ ���� ���J���P�/�� �/���S�U�R�O�L�Q�H�� ���6�L�J�P�D���$�O�G�U�L�F�K������ �L�Q�V�X�O�L�Q��
�W�U�D�Q�V�I�H�U�U�L�Q�� �V�H�O�H�Q�L�X�P�� ���,�7�6������ �%�	�'�� �%�L�R�V�F�L�H�Q�F�H���� �%�H�G�I�R�U�G����
MA, USA); 10-7 �0���G�H�[�D�P�H�W�K�D�V�R�Q�H�����6�L�J�P�D���$�O�G�U�L�F�K�������D�Q�G��
���� ���J���P�/���/���D�V�F�R�U�E�L�F���D�F�L�G�������S�K�R�V�S�K�D�W�H�����,�Q���W�K�H���H�[�S�H�U�L�P�H�Q�W�D�O��
condition (�µ�F�K�R�Q�G�U�R�J�H�Q�L�F�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�� �P�H�G�L�X�P�¶������
10 �Q�J���P�/���W�U�D�Q�V�I�R�U�P�L�Q�J���J�U�R�Z�W�K���I�D�F�W�R�U�����������7�*�)���������5�	�'��
Systems, Minneapolis, MN, USA) was added to induce 
chondrogenesis. Medium was changed twice a week. 
�$�I�W�H�U���W�Z�R���D�Q�G���¿�Y�H���Z�H�H�N�V�����D�O�J�L�Q�D�W�H���E�H�D�G�V���Z�H�U�H���S�U�R�F�H�V�V�H�G��
�I�R�U���E�L�R�F�K�H�P�L�F�D�O���R�U���J�H�Q�H���H�[�S�U�H�V�V�L�R�Q���D�Q�D�O�\�V�L�V���D�V���G�H�V�F�U�L�E�H�G��
�E�H�O�R�Z���� �)�R�U�� �D�O�O��in vitro�� �H�[�S�H�U�L�P�H�Q�W�V���� �I�R�X�U�� �G�R�Q�R�U�V�� �I�R�U�� �W�K�H��
�F�K�R�Q�G�U�R�F�\�W�H���V�R�X�U�F�H�V���D�Q�G���V�L�[���G�R�Q�R�U�V���I�R�U���W�K�H���0�6�&���V�R�X�U�F�H�V��
were used, with at least duplicate samples per analyses for 
each individual donor.
	 To study in vivo���I�X�Q�F�W�L�R�Q�D�O�L�W�\���D�Q�G���V�W�D�E�L�O�L�W�\���R�I���F�D�U�W�L�O�D�J�H��
TE constructs after in vitro���F�H�O�O���F�X�O�W�X�U�H�����O�D�U�J�H�U���À�D�W���F�R�Q�V�W�U�X�F�W�V��
were created from cells of three donors of each cell source 
�D�V�� �S�U�H�Y�L�R�X�V�O�\�� �G�H�V�F�U�L�E�H�G�� ���:�R�Q�J��et al., 2001). In short, 
�D�O�J�L�Q�D�W�H�� �V�X�V�S�H�Q�V�L�R�Q�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �� �[ ����6�� �F�H�O�O�V���P�/�� �Z�H�U�H��
�L�Q�M�H�F�W�H�G���L�Q�W�R���D���F�X�V�W�R�P���G�H�V�L�J�Q�H�G���V�O�D�E���P�R�X�O�G���F�R�Q�V�L�V�W�L�Q�J���R�I��
�W�Z�R�� �F�D�O�F�L�X�P���S�H�U�P�H�D�E�O�H�� �P�H�P�E�U�D�Q�H�V�� ���'�X�U�D�S�R�U�H®�� ������ ���P��
�P�H�P�E�U�D�Q�H���¿�O�W�H�U�V�����0�L�O�O�L�S�R�U�H�����$�P�V�W�H�U�G�D�P�����W�K�H���1�H�W�K�H�U�O�D�Q�G�V����
�U�L�J�L�G�O�\���V�X�S�S�R�U�W�H�G���E�\���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���P�H�V�K�H�V���D�Q�G���V�H�S�D�U�D�W�H�G��

�E�\���D���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���F�D�V�W�L�Q�J���I�U�D�P�H�����3�D�U�W���R�I���W�K�H�V�H���F�R�Q�V�W�U�X�F�W�V��
�Z�H�U�H���K�D�U�Y�H�V�W�H�G���D�I�W�H�U���¿�Y�H���Z�H�H�N�V���R�I���F�H�O�O���F�X�O�W�X�U�H���I�R�U���D�Q�D�O�\�V�L�V��
�D�Q�G�� �D�� �S�D�U�W�� �Z�D�V�� �L�P�S�O�D�Q�W�H�G�� �V�X�E�F�X�W�D�Q�H�R�X�V�O�\�� �R�Q�� �W�K�H�� �G�R�U�V�D�O��
side of athymic mice. For the in vivo���H�[�S�H�U�L�P�H�Q�W�V�����D���W�R�W�D�O��
�R�I���V�L�[���F�R�Q�V�W�U�X�F�W�V���S�H�U���F�H�O�O���V�R�X�U�F�H���Z�H�U�H���X�V�H�G�����Z�L�W�K���G�X�S�O�L�F�D�W�H��
samples for three different donors.

Subcutaneous implantation in vivo
�,�Q�� �W�R�W�D�O���� �V�H�Y�H�Q�W�H�H�Q�� �Q�L�Q�H���Z�H�H�N�� �R�O�G���� �I�H�P�D�O�H�� �1�0�5�,�� �Q�X��
�Q�X�� �P�L�F�H�� ���&�K�D�U�O�H�V�� �5�L�Y�H�U�� �/�D�E�R�U�D�W�R�U�L�H�V���� �:�L�O�P�L�Q�J�W�R�Q����

Primers and probes
GAPDH Forward: ATGGGGAAGGTGAAGGTCG

�5�H�Y�H�U�V�H�����7�$�$�$�$�*�&�$�*�&�&�&�7�*�*�7�*�$�&�&

Fam-CGCCCAATACGACCAAATCCGTTGAC

HPRT1 Forward: TATGGACAGGACTGAACGTCTTG

�5�H�Y�H�U�V�H�����&�$�&�$�&�$�*�$�*�*�*�&�7�$�&�$�$�7�*�7�*

Fam-CGCCCAATACGACCAAATCCGTTGAC

ACAN Forward: TCGAGGACAGCGAGGCC

�5�H�Y�H�U�V�H�����7�&�*�$�*�*�*�7�*�7�$�*�&�*�7�*�7�$�*�$�*�$

Fam-ATGGAACACGATGCCTTTCACCACGA

COL2A1 Forward: GGCAATAGCAGGTTCACGTACA

�5�H�Y�H�U�V�H�����&�*�$�7�$�$�&�$�*�7�&�7�7�*�&�&�&�&�$�&�7�7

Fam-CCGGTATGTTTCGTGCAGCCATCCT

COL10 Forward: CAAGGCACCATCTCCAGGAA

�5�H�Y�H�U�V�H�����$�$�$�*�*�*�7�$�7�7�7�*�7�*�*�&�$�*�&�$�7�$�7�7

Fam-TCCAGCACGCAGAATCCATCTGA

ALP Forward: GACCCTTGACCCCCACAAT

�5�H�Y�H�U�V�H�����*�&�7�&�*�$�&�7�*�&�$�7�*�7�&�&�&�&�7

Fam-TGGACTACCTATTGGGTCTCTTCGAGCCA

MMP13 Forward: AAGGAGCATGGCGACTTCT

�5�H�Y�H�U�V�H�����7�*�*�&�&�&�$�*�*�$�*�*�$�$�$�$�*�&

Fam-CCCTCTGGCCTGCGGCTCA

Table 1�����6�H�T�X�H�Q�F�H�V���R�I���S�U�L�P�H�U�V���D�Q�G���S�U�R�E�H�V���I�R�U���T�5�7���3�&�5��

Scoring categories Score
(1) Uniformity and darkness of the stain

No stain 0

�:�H�D�N���V�W�D�L�Q���R�I���S�R�R�U�O�\���I�R�U�P�H�G���P�D�W�U�L�[ 1

Moderately even stain 2

Even dark stain 3

(2) Distance between cells / amount of matrix accumulated
�+�L�J�K���F�H�O�O���G�H�Q�V�L�W�L�H�V���Z�L�W�K���Q�R���P�D�W�U�L�[���L�Q���E�H�W�Z�H�H�Q�����Q�R���V�S�D�F�L�Q�J���E�H�W�Z�H�H�Q���F�H�O�O�V��0

�+�L�J�K���F�H�O�O���G�H�Q�V�L�W�L�H�V���Z�L�W�K���O�L�W�W�O�H���P�D�W�U�L�[���L�Q���E�H�W�Z�H�H�Q�����F�H�O�O�V���������F�H�O�O���V�L�]�H���D�S�D�U�W��1

�0�R�G�H�U�D�W�H���F�H�O�O���G�H�Q�V�L�W�\���Z�L�W�K���P�D�W�U�L�[�����F�H�O�O�V���D�S�S�U�R�[�L�P�D�W�H�O�\�������F�H�O�O���V�L�]�H���D�S�D�U�W��2

�/�R�Z���F�H�O�O���G�H�Q�V�L�W�\���Z�L�W�K���P�R�G�H�U�D�W�H���G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���F�H�O�O�V�����!�����F�H�O�O�����D�Q�G���D�Q���H�[�W�H�Q�V�L�Y�H���P�D�W�U�L�[3

(3) Cell morphologies represented

�&�R�Q�G�H�Q�V�H�G���Q�H�F�U�R�W�L�F���S�\�F�Q�R�W�L�F���E�R�G�L�H�V 0

�6�S�L�Q�G�O�H���¿�E�U�R�X�V 1

�0�L�[�H�G���V�S�L�Q�G�O�H���¿�E�U�R�X�V���Z�L�W�K���U�R�X�Q�G�H�G���F�K�R�Q�G�U�R�J�H�Q�L�F���P�R�U�S�K�R�O�R�J�\2

�0�D�M�R�U�L�W�\���U�R�X�Q�G�H�G���F�K�R�Q�G�U�R�J�H�Q�L�F 3

MAXIMUM SCORE 9

Table 2. The Bern Score: Histological evaluation of engineered cartilage constructs.
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MA, USA) were used to evaluate the performance of 
constructs cultured with or without TGF����. Mice were 
placed under general anaesthesia using 2.5 �����L�V�R�À�X�U�D�Q�H����
�7�Z�R�� �V�H�S�D�U�D�W�H�� �V�X�E�F�X�W�D�Q�H�R�X�V�� �L�Q�F�L�V�L�R�Q�V�� �R�I�� �D�S�S�U�R�[�L�P�D�W�H�O�\��
10 mm were made along the central line of the spine (one 
at the shoulders and one at the hips), after which four 
�V�H�S�D�U�D�W�H�� �V�X�E�F�X�W�D�Q�H�R�X�V�� �S�R�F�N�H�W�V�� �Z�H�U�H�� �S�U�H�S�D�U�H�G�� �E�\�� �E�O�X�Q�W��
�G�L�V�V�H�F�W�L�R�Q�� �R�I�� �W�K�H�� �V�X�E�F�X�W�D�Q�H�R�X�V�� �W�L�V�V�X�H���� �)�R�U�� �L�P�S�O�D�Q�W�D�W�L�R�Q����
the alginate constructs were randomly assigned to these 
�I�R�X�U���S�R�F�N�H�W�V�����(�L�J�K�W���Z�H�H�N�V���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q����
�D�Q�L�P�D�O�V���Z�H�U�H���V�D�F�U�L�¿�F�H�G���D�Q�G���V�D�P�S�O�H�V���Z�H�U�H���H�[�S�O�D�Q�W�H�G���I�R�U��
�K�L�V�W�R�O�R�J�L�F�D�O���� �E�L�R�P�H�F�K�D�Q�L�F�D�O�� �D�Q�G�� �E�L�R�F�K�H�P�L�F�D�O�� �D�Q�D�O�\�V�H�V����
�$�Q�L�P�D�O�� �H�[�S�H�U�L�P�H�Q�W�V�� �Z�H�U�H�� �F�D�U�U�L�H�G�� �R�X�W�� �Z�L�W�K�� �D�S�S�U�R�Y�D�O�� �R�I��
�W�K�H���O�R�F�D�O���$�Q�L�P�D�O���(�[�S�H�U�L�P�H�Q�W�V���&�R�P�P�L�W�W�H�H���R�I���W�K�H���(�U�D�V�P�X�V��
MC and were approved as outlined in the national Animals 
Act (EMC 2429).

Gene expression analyses
�)�R�U�� �W�R�W�D�O�� �5�1�$�� �L�V�R�O�D�W�L�R�Q���� �D�O�J�L�Q�D�W�H�� �Z�D�V�� �G�L�V�V�R�O�Y�H�G�� �L�Q�� �L�F�H��
cold 55 mM sodium citrate (150 ���/���E�H�D�G�� and 20 mM 
ethylenediaminetetraacetate (EDTA) in 150 mM NaCl and 
centrifuged at 2.5 g for 8 �P�L�Q�����(�D�F�K���S�H�O�O�H�W���Z�D�V���V�X�E�V�H�T�X�H�Q�W�O�\��
suspended in 1 �P�/���5�1�$���%�H�H�Œ�����7�H�O���7�H�V�W�����)�U�L�H�Q�G�V�Z�R�R�G����
�7�;���� �8�6�$������ �5�1�$�� �Z�D�V�� �H�[�W�U�D�F�W�H�G�� �Z�L�W�K�� �F�K�O�R�U�R�I�R�U�P�� �D�Q�G��
�S�X�U�L�I�L�H�G�� �I�U�R�P�� �W�K�H�� �V�X�S�H�U�Q�D�W�D�Q�W�� �X�V�L�Q�J�� �W�K�H�� �5�1�$�H�D�V�\��
Micro Kit (Qiagen, Hilden, Germany) according to the 
�P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���J�X�L�G�H�O�L�Q�H�V���E�\���R�Q���F�R�O�X�P�Q���'�1�$���G�L�J�H�V�W�L�R�Q����
�(�[�W�U�D�F�W�H�G�� �W�R�W�D�O�� �5�1�$�� �Z�D�V�� �T�X�D�Q�W�L�¿�H�G�� �X�V�L�Q�J�� �1�D�Q�R�'�U�R�S® 
ND-1000 Spectrophotometer (NanoDrop Technologies, 
�:�L�O�P�L�Q�J�W�R�Q���� �'�(���� �8�6�$���� �D�W�� ��������������  �Q�P���� �7�R�W�D�O�� �5�1�$�� �R�I��
�H�D�F�K�� �V�D�P�S�O�H�� �Z�D�V�� �U�H�Y�H�U�V�H�� �W�U�D�Q�V�F�U�L�E�H�G�� �L�Q�W�R�� �F�'�1�$�� �X�V�L�Q�J��
�5�H�Y�H�U�W�$�L�G�Œ�� �)�L�U�V�W�� �6�W�U�D�Q�G�� �F�'�1�$�� �6�\�Q�W�K�H�V�L�V�� �.�L�W�� ���0�%�,��
�)�H�U�P�H�Q�W�D�V�����6�W�����/�H�R�Q���5�R�W�����*�H�U�P�D�Q�\����
	 �)�R�U�� �T�X�D�Q�W�L�W�D�W�L�Y�H�� �U�H�D�O���W�L�P�H�� �S�R�O�\�P�H�U�D�V�H�� �F�K�D�L�Q�� �U�H�D�F�W�L�R�Q��
���T�5�7���3�&�5���� �D�Q�D�O�\�V�L�V���� �I�R�U�Z�D�U�G�� �D�Q�G�� �U�H�Y�H�U�V�H�� �S�U�L�P�H�U�V�� �Z�H�U�H��
�G�H�V�L�J�Q�H�G�� �X�V�L�Q�J�� �3�U�L�P�H�U�(�[�S�U�H�V�V�� �������� �V�R�I�W�Z�D�U�H�� ���$�S�S�O�L�H�G��
�%�L�R�V�\�V�W�H�P�V���� �)�R�V�W�H�U�� �&�L�W�\���� �&�$���� �8�6�$���� �W�R�� �P�H�H�W���7�D�T�0�D�Q�� �R�U��
�6�<�%�5���*�U�H�H�Q���U�H�T�X�L�U�H�P�H�Q�W�V�����7�K�H�\���Z�H�U�H���G�H�V�L�J�Q�H�G���W�R���E�L�Q�G��
�V�H�S�D�U�D�W�H���H�[�R�Q�V���W�R���D�Y�R�L�G���F�R���D�P�S�O�L�¿�F�D�W�L�R�Q���R�I���J�H�Q�R�P�L�F���'�1�$����
�*�H�Q�H���V�S�H�F�L�¿�F�L�W�\���R�I���D�O�O���S�U�L�P�H�U�V���Z�D�V���J�X�D�U�D�Q�W�H�H�G���E�\���E�D�V�L�F���O�R�F�D�O��
�D�O�L�J�Q�P�H�Q�W���V�H�D�U�F�K���W�R�R�O�����%�/�$�6�7�1�������D�V���O�L�V�W�H�G���L�Q���7�D�E�O�H���������7�K�H��
following genes were analysed: aggrecan (ACAN), collagen 
type IIA1 (COL2A1), collagen type X (COL10), alkaline 
phosphatase (ALP������ �D�Q�G�� �P�D�W�U�L�[�� �P�H�W�D�O�O�R�S�U�R�W�H�L�Q�D�V�H��������
(MMP13). Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH�������D�Q�G���K�\�S�R�[�D�Q�W�K�L�Q�H���S�K�R�V�S�K�R�U�L�E�R�V�\�O�W�U�D�Q�V�I�H�U�D�V�H������
(HPRT1�����Z�H�U�H���X�V�H�G���D�V���K�R�X�V�H�N�H�H�S�L�Q�J���J�H�Q�H�V�����7�K�H���H�[�S�U�H�V�V�L�R�Q��
of GAPDH and HPRT1���G�L�G���Q�R�W���G�L�I�I�H�U���E�H�W�Z�H�H�Q���F�H�O�O���V�R�X�U�F�H�V��
�D�Q�G���E�R�W�K���Z�H�U�H���X�V�H�G���W�R���F�D�O�F�X�O�D�W�H���W�K�H���E�H�V�W���K�R�X�V�H�N�H�H�S�H�U���L�Q�G�H�[��
���3�I�D�I�À��et al., 2004). Using repeated pair-wise correlation 
�D�Q�D�O�\�V�L�V���� �G�D�W�D�� �Z�H�U�H�� �Q�R�U�P�D�O�L�V�H�G�� �E�\�� �F�D�O�F�X�O�D�W�L�Q�J�� �W�K�H�� �µ�E�H�V�W��
�K�R�X�V�H�N�H�H�S�H�U�� �L�Q�G�H�[�¶�� ���G�D�W�D�� �Q�R�W���V�K�R�Z�Q������ �3�R�O�\�P�H�U�D�V�H�� �F�K�D�L�Q��
�U�H�D�F�W�L�R�Q�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���X�V�L�Q�J���7�D�T�0�D�Q®���8�Q�L�Y�H�U�V�D�O���3�&�5��
�0�D�V�W�H�U�P�L�[�����$�S�S�O�L�H�G���%�L�R�V�\�V�W�H�P�V�����R�U���T�3�&�5���0�D�V�W�H�U�P�L�[���3�O�X�V��
�I�R�U���6�<�%�5���*�U�H�H�Q�����(�X�U�R�J�H�Q�W�H�F�����1�H�G�H�U�O�D�Q�G���%�9�����0�D�D�V�W�U�L�F�K�W����
the Netherlands) according to the manufacturers’ guidelines 
�D�Q�G���X�V�L�Q�J���D�Q���$�%�,�3�5�,�6�0® 7000 with SDS software version 
�������� ���$�S�S�O�L�H�G�� �%�L�R�V�\�V�W�H�P�V���� �1�L�H�X�Z�H�U�N�H�U�N�� �D���G�� �,�-�V�V�H�O���� �W�K�H��
�1�H�W�K�H�U�O�D�Q�G�V�������$�P�S�O�L�¿�F�D�W�L�R�Q���H�I�¿�F�L�H�Q�F�L�H�V���I�R�U���D�O�O���D�V�V�D�\�V���Z�H�U�H��
�E�H�W�Z�H�H�Q�������������� �������5�H�O�D�W�L�Y�H���J�H�Q�H���H�[�S�U�H�V�V�L�R�Q�V���R�I���W�U�L�S�O�L�F�D�W�H��

�V�D�P�S�O�H�V���R�I�� �H�D�F�K���G�R�Q�R�U���Z�H�U�H���F�D�O�F�X�O�D�W�H�G���E�\�� �P�H�D�Q�V���R�I�� �W�K�H��
2���û�&�7 formula.

Biochemical evaluation of the extracellular matrix
Sample preparation
�$�W�� �U�R�R�P�� �W�H�P�S�H�U�D�W�X�U�H���� �D�O�J�L�Q�D�W�H�� �E�H�D�G�V�� �D�Q�G�� �G�L�V�F�V�� �Z�H�U�H��
dissolved in 55 mM sodium citrate and 20 mM EDTA in 
150 mM NaCl. All samples were then digested overnight at 
60 °�&���Z�L�W�K���S�D�S�D�L�Q���E�X�I�I�H�U���W�R���D���¿�Q�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I�������� ���J��
mL papain (0.2 M NaH2�3�24, 0.01 M EDTA, pH 6.0, and 
freshly added 250 ���J���P�/���S�D�S�D�L�Q and 5 mM L-cysteine), 
�D�Q�G���O�D�W�H�U���V�X�E�M�H�F�W�H�G���W�R���E�L�R�F�K�H�P�L�F�D�O���D�Q�D�O�\�V�H�V���W�R���G�H�W�H�U�P�L�Q�H���W�K�H��
�'�1�$�����J�O�\�F�R�V�D�P�L�Q�R�J�O�\�F�D�Q�����D�Q�G���K�\�G�U�R�[�\�S�U�R�O�L�Q�H���F�R�Q�W�H�Q�W�V��

DNA content
The amount of DNA measured in each papain-digested 
�V�D�P�S�O�H�� �Z�D�V�� �G�H�W�H�U�P�L�Q�H�G�� �E�\�� �H�W�K�L�G�L�X�P�� �E�U�R�P�L�G�H�� ���*�L�E�F�R������
using calf thymus DNA (Sigma-Aldrich) as a standard. 
�6�D�P�S�O�H�V���Z�H�U�H���D�Q�D�O�\�V�H�G���Z�L�W�K���D���V�S�H�F�W�U�R�À�X�R�U�R�P�H�W�H�U�����:�D�O�O�D�F��
���������� �9�L�F�W�R�U�� ������ �3�H�U�N�L�Q���(�O�P�H�U���� �:�H�O�O�H�V�O�H�\���� �0�$���� �8�6�$������
�X�V�L�Q�J���D�Q���H�[�W�L�Q�F�W�L�R�Q���¿�O�W�H�U���������� �Q�P�����D�Q�G���D�Q���H�P�L�V�V�L�R�Q���¿�O�W�H�U��
(590 nm).

Glycosaminoglycan content
�6�X�O�S�K�D�W�H�G�� �J�O�\�F�R�V�D�P�L�Q�R�J�O�\�F�D�Q�V�� ���*�$�*�V���� �Z�H�U�H�� �T�X�D�Q�W�L�¿�H�G��
�X�V�L�Q�J�� �W�K�H�� ���������G�L�P�H�W�K�\�O�P�H�W�K�\�O�H�Q�H�� �E�O�X�H�� ���'�0�0�%���� �G�\�H��
�E�L�Q�G�L�Q�J���D�V�V�D�\�����7�R���E�H���V�X�L�W�D�E�O�H���I�R�U���F�H�O�O���F�X�O�W�X�U�H�V���F�R�Q�W�D�L�Q�L�Q�J��
alginate, the DMMB-pH-level was decreased to pH 1.75, 
�D�V�� �G�H�V�F�U�L�E�H�G�� �S�U�H�Y�L�R�X�V�O�\�� ���(�Q�R�E�D�N�K�D�U�H��et al., 1996). The 
metachromatic reaction of DMMB was monitored using 
�D���V�S�H�F�W�U�R�S�K�R�W�R�P�H�W�H�U�����$�E�V�R�U�S�W�L�R�Q���U�D�W�L�R�V���R�I�����������D�Q�G�������� nm 
were used to determine the GAG content with chondroitin 
sulphate C (shark; Sigma-Aldrich) as a standard. For each 
sample, the amount of GAG was corrected for the amount 
of DNA.

Hydroxyproline content
�7�K�H���K�\�G�U�R�[�\�S�U�R�O�L�Q�H���F�R�Q�W�H�Q�W���Z�D�V���T�X�D�Q�W�L�¿�H�G���X�V�L�Q�J���D���P�H�W�K�R�G��
�G�H�V�F�U�L�E�H�G���S�U�H�Y�L�R�X�V�O�\ (Creemers et al., 1997).���%�U�L�H�À�\�����W�K�H��
�S�D�S�D�L�Q���G�L�J�H�V�W�V���Z�H�U�H���K�\�G�U�R�O�\�V�H�G���Z�L�W�K���H�T�X�D�O���Y�R�O�X�P�H�V���R�I������ M 
HCl at 108 °C for 18-20 h. Samples were then dried and re-
dissolved in 150 �—�/���Z�D�W�H�U�����+�\�G�U�R�[�\�S�U�R�O�L�Q�H���F�R�Q�W�H�Q�W�V���Z�H�U�H��
�P�H�D�V�X�U�H�G���X�V�L�Q�J���D���F�R�O�R�U�L�P�H�W�U�L�F���P�H�W�K�R�G�����H�[�W�L�Q�F�W�L�R�Q���������� nm), 
�Z�L�W�K�� �F�K�O�R�U�D�P�L�Q�H���7�� �D�Q�G�� �G�L�P�H�W�K�\�O�D�P�L�Q�R�E�H�Q�]�D�O�G�H�K�\�G�H��
�D�V�� �U�H�D�J�H�Q�W�V�� �D�Q�G�� �K�\�G�U�R�[�\�S�U�R�O�L�Q�H�� ���0�H�U�F�N���� �'�D�U�P�V�W�D�G�W����
Germany) as a standard.

Histological evaluation of the extracellular matrix
�$�I�W�H�U���H�L�J�K�W���Z�H�H�N�V���R�I���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q�����D�O�J�L�Q�D�W�H��
discs were harvested, set in 2  ���� �D�J�D�U�R�V�H���� �¿�[�H�G�� �L�Q�� �� % 
�I�R�U�P�D�O�L�Q�� �L�Q�� �3�%�6�� �D�Q�G�� �H�P�E�H�G�G�H�G�� �L�Q�� �S�D�U�D�I�I�L�Q���� �3�D�U�D�I�I�L�Q��
�H�P�E�H�G�G�H�G�� �V�H�F�W�L�R�Q�V�� ���� ���P���� �Z�H�U�H deparaffinised and 
rehydrated.

Immunohistochemistry for collagen type II, elastin and 
human vimentin
�7�R�� �D�O�O�R�Z�� �W�K�H�� �X�V�H�� �R�I�� �P�R�Q�R�F�O�R�Q�D�O�� �P�R�X�V�H�� �D�Q�W�L�E�R�G�L�H�V��
�R�Q�� �F�R�Q�V�W�U�X�F�W�V�� �Z�K�L�F�K�� �K�D�Y�H�� �E�H�H�Q�� �L�P�S�O�D�Q�W�H�G�� �L�Q�� �D�W�K�\�P�L�F��
�P�L�F�H���� �Z�H�� �X�V�H�G�� �D�� �P�H�W�K�R�G�� �W�R�� �F�R�X�S�O�H�� �W�K�H�� �¿�U�V�W�� �D�Q�G�� �V�H�F�R�Q�G��
�D�Q�W�L�E�R�G�\���E�H�I�R�U�H���D�S�S�O�\�L�Q�J���W�K�H�P���R�Q���W�K�H���V�H�F�W�L�R�Q�V���W�R���S�U�H�Y�H�Q�W��
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�X�Q�Z�D�Q�W�H�G���E�L�Q�G�L�Q�J���R�I���W�K�H���D�Q�W�L���P�R�X�V�H���D�Q�W�L�E�R�G�L�H�V���W�R���P�R�X�V�H��
�L�P�P�X�Q�R�J�O�R�E�X�O�L�Q�V�����+�L�H�U�F�N��et al., 1994). In short, primary 
�D�Q�W�L�E�R�G�L�H�V�� �Z�H�U�H�� �S�U�H���F�R�X�S�O�H�G�� �R�Y�H�U�Q�L�J�K�W�� �Z�L�W�K�� �J�R�D�W�� �D�Q�W�L��
�P�R�X�V�H���E�L�R�W�L�Q���D�W���� °�&�����-�D�F�N�V�R�Q���/�D�E�R�U�D�W�R�U�L�H�V�����%�D�U���+�D�U�E�R�U����
�0�(�����8�6�$�������I�R�O�O�R�Z�H�G���E�\���D���� �K���L�Q�F�X�E�D�W�L�R�Q���L�Q�������� % normal 
mouse serum (CLB, Amsterdam, the Netherlands) in order 
�W�R���F�D�S�W�X�U�H���W�K�H���X�Q�E�R�X�Q�G���V�H�F�R�Q�G���D�Q�W�L�E�R�G�\��
	 �$�Q�W�L�J�H�Q�� �U�H�W�U�L�H�Y�D�O�� �I�R�U�� �W�K�H�� �F�R�O�O�D�J�H�Q�� �W�\�S�H�� �,�,�� �D�Q�W�L�E�R�G�\��
���'�H�Y�H�O�R�S�P�H�Q�W�D�O�� �6�W�X�G�L�H�V�� �+�\�E�U�L�G�R�P�D�� �%�D�Q�N���� �,�R�Z�D�� �&�L�W�\����
�,�$�����8�6�$�����Z�D�V���S�H�U�I�R�U�P�H�G���W�K�U�R�X�J�K���L�Q�F�X�E�D�W�L�R�Q���Z�L�W�K�������� % 
�S�U�R�Q�D�V�H�� ���6�L�J�P�D���$�O�G�U�L�F�K���� �L�Q�� �3�%�6�� �I�R�U�� ���� min at 37  °C, 
continued with a 30 �P�L�Q���L�Q�F�X�E�D�W�L�R�Q���Z�L�W�K���� % hyaluronidase 
���6�L�J�P�D���$�O�G�U�L�F�K���� �L�Q�� �3�%�6�� �D�W�� ����  °C. Antigen retrieval for 
�H�O�D�V�W�L�Q�� ���%�$������ �6�L�J�P�D���$�O�G�U�L�F�K���� �U�H�T�X�L�U�H�G�� �L�Q�F�X�E�D�W�L�R�Q�� �Z�L�W�K��
0.25 �����W�U�\�S�V�L�Q�����6�L�J�P�D���$�O�G�U�L�F�K�����L�Q���3�%�6���I�R�U������ min at 37 °C. 
�1�R�Q���V�S�H�F�L�¿�F���E�L�Q�G�L�Q�J���V�L�W�H�V���Z�H�U�H���E�O�R�F�N�H�G���Z�L�W�K������ % goat 
�V�H�U�X�P�����6�L�J�P�D���$�O�G�U�L�F�K�����L�Q���3�%�6���D�Q�G���V�H�F�W�L�R�Q�V���Z�H�U�H���V�W�D�L�Q�H�G��
�Z�L�W�K���W�K�H���S�U�H���W�U�H�D�W�H�G���S�U�L�P�D�U�\�� �D�Q�W�L�E�R�G�L�H�V���D�J�D�L�Q�V�W���F�R�O�O�D�J�H�Q��
type II (1:100) or elastin (1:1000) for 60 min. Sections 
�Z�H�U�H���W�K�D�Q���L�Q�F�X�E�D�W�H�G���Z�L�W�K���H�Q�]�\�P�H���V�W�U�H�S�W�D�Y�L�G�L�Q���F�R�Q�M�X�J�D�W�H��
���/�D�E�H�O�������������������%�L�R�J�H�Q�H�[�����+�.�����������8�.�����6�D�Q���5�D�P�R�Q�����&�$����
�8�6�$�����L�Q���3�%�6������ �����%�6�$�����I�R�O�O�R�Z�H�G���E�\���L�Q�F�X�E�D�W�L�R�Q���Z�L�W�K���1�H�X��
�)�X�F�K�V�L�Q���V�X�E�V�W�U�D�W�H�����&�K�U�R�P�D�����.�|�Q�J�H�Q�����*�H�U�P�D�Q�\�������3�R�V�L�W�L�Y�H��
�V�W�D�L�Q�L�Q�J���I�R�U���F�R�O�O�D�J�H�Q���,�,���D�Q�G���H�O�D�V�W�L�Q���Z�D�V���F�R�Q�¿�U�P�H�G���Z�L�W�K���W�K�H��
use of native ear cartilage. A mouse monoclonal negative 
�F�R�Q�W�U�R�O���D�Q�W�L�E�R�G�\�����P�,�J�*�������;�������������'�D�N�R�����(�L�Q�G�K�R�Y�H�Q�����W�K�H��
Netherlands) was used as an isotype control.
	 To study whether cells in the alginate constructs 
harvested after in vivo implantation were of human origin, 
�D���P�R�Q�R�F�O�R�Q�D�O���P�R�X�V�H���D�Q�W�L���K�X�P�D�Q���Y�L�P�H�Q�W�L�Q���D�Q�W�L�E�R�G�\���Z�D�V��
�X�V�H�G�� ���$�0�)�������E���� �'�H�Y�H�O�R�S�P�H�Q�W�D�O�� �6�W�X�G�L�H�V�� �+�\�E�U�L�G�R�P�D��
�%�D�Q�N�������D�V���G�H�V�F�U�L�E�H�G���S�U�H�Y�L�R�X�V�O�\�����+�H�O�O�L�Q�J�P�D�Q��et al., 2011). 
�,�Q���V�K�R�U�W�����V�O�L�G�H�V���Z�H�U�H���L�Q�F�X�E�D�W�H�G���L�Q���� �����D�T�X�H�R�X�V���K�\�G�U�R�J�H�Q��
�S�H�U�R�[�L�G�D�V�H�� �V�R�O�X�W�L�R�Q���� �L�Q�� �R�U�G�H�U�� �W�R�� �L�Q�K�L�E�L�W�� �H�Q�G�R�J�H�Q�R�X�V��
�S�H�U�R�[�L�G�D�V�H�� �D�Q�G�� �D�O�O�R�Z�� �I�R�U�� �S�H�U�R�[�L�G�D�V�H���D�Q�W�L�S�H�U�R�[�L�G�D�V�H��
�V�W�D�L�Q�L�Q�J�����$�Q�W�L�J�H�Q���U�H�W�U�L�H�Y�D�O���U�H�T�X�L�U�H�G���L�Q�F�X�E�D�W�L�R�Q���L�Q���5�R�G�H�Q�W��
Decloaker® for 60 min at 95 °�&�����1�R�Q���V�S�H�F�L�¿�F���E�L�Q�G�L�Q�J���V�L�W�H�V��
�Z�H�U�H���E�O�R�F�N�H�G���Z�L�W�K���5�R�G�H�Q�W���%�O�R�F�N���0®���I�R�O�O�R�Z�H�G���E�\���D������ min 
staining with vimentin (1:40, V6630, Sigma-Aldrich). 
�7�K�H�U�H�D�I�W�H�U���� �W�K�H�� �0�0���S�R�O�\�P�H�U���+�5�3®�� �V�H�F�R�Q�G�D�U�\�� �D�Q�W�L�E�R�G�\��
�Z�D�V���X�V�H�G�����I�R�O�O�R�Z�H�G���E�\���L�Q�F�X�E�D�W�L�R�Q���Z�L�W�K�����¶�G�L�D�P�L�Q�R�E�H�Q�]�L�G�L�Q�H��
�F�K�U�R�P�R�J�H�Q�� �V�R�O�X�W�L�R�Q�� ���6�L�J�P�D���$�O�G�U�L�F�K������ �7�L�V�V�X�H�� �V�S�H�F�L�¿�F�L�W�\��
�Z�D�V���F�R�Q�¿�U�P�H�G���E�\���W�K�H���D�E�V�H�Q�F�H���R�I���V�W�D�L�Q�L�Q�J���R�Q���V�H�F�W�L�R�Q�V���R�I��
mouse liver tissue. A mouse monoclonal negative control 
�D�Q�W�L�E�R�G�\���Z�D�V���X�V�H�G���D�V���D�Q���L�V�R�W�\�S�H���F�R�Q�W�U�R�O��

Von Kossa/Thionin/Resorcin-Fuchsin staining
�7�R���H�Y�D�O�X�D�W�H���W�L�V�V�X�H���F�D�O�F�L�¿�F�D�W�L�R�Q�����D���9�R�Q���.�R�V�V�D���V�W�D�L�Q�L�Q�J���Z�D�V��
performed. Slides were immersed in 5 % silver nitrate 
solution (Sigma-Aldrich) for 10 min, rinsed in MiliQ water 
�D�Q�G�� �H�[�S�R�V�H�G�� �W�R�� �O�L�J�K�W�� �I�R�U�� �D�Q�R�W�K�H�U�� ���� min. Sections were 
�F�R�X�Q�W�H�U�V�W�D�L�Q�H�G�� �Z�L�W�K�� �1�X�F�O�H�D�U�� �I�D�V�W�� �U�H�G�� ���0�H�U�F�N���� �5�D�\�Z�D�\����
�1�-�����8�6�$����
	 GAGs were visualised using 0.4 % Thionin (Sigma-
Aldrich) in 0.01 �0���D�T�X�H�R�X�V���V�R�G�L�X�P���D�F�H�W�D�W�H�����S�+ 4.5) for 
5 min at room temperature. To check whether we stained 
GAGs rather than the remaining alginate, sections were 
pre-treated with 20 mM EDTA (Sigma-Aldrich). As EDTA 

�W�U�H�D�W�P�H�Q�W���G�L�G���Q�R�W���F�K�D�Q�J�H���W�K�H���L�Q�W�H�Q�V�L�W�\���D�Q�G���R�U���O�R�F�D�O�L�V�D�W�L�R�Q��
�R�I���W�K�L�R�Q�L�Q���R�Q���R�X�U���V�O�L�G�H�V�����Z�H���F�R�Q�¿�U�P�H�G���W�K�D�W���D�O�J�L�Q�D�W�H���G�L�G���Q�R�W��
interfere with our GAG-staining protocol. The presence, as 
�Z�H�O�O���D�V���W�K�H���D�U�U�D�Q�J�H�P�H�Q�W���R�I���W�K�H���H�O�D�V�W�L�F���¿�E�U�H�V�����Z�D�V���Y�L�V�X�D�O�L�V�H�G��
�X�V�L�Q�J�� �:�H�L�J�H�U�W�¶�V�� �5�H�V�R�U�F�L�Q���)�X�F�K�V�L�Q�� �V�W�D�L�Q�L�Q�J�� ���.�O�L�Q�L�S�D�W�K����
Duiven, the Netherlands).
	 �:�H���X�V�H�G���D���V�H�P�L���T�X�D�Q�W�L�W�D�W�L�Y�H���V�F�R�U�L�Q�J���V�\�V�W�H�P���±���7�K�H���%�H�U�Q��
Score (Grogan et al., 2006) – to evaluate the chondrogenic 
�F�D�S�D�F�L�W�\���R�I���D�O�J�L�Q�D�W�H���H�Q�F�D�S�V�X�O�D�W�H�G���F�H�O�O�V���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V��
�L�P�S�O�D�Q�W�D�W�L�R�Q�� ���7�D�E�O�H�� �������� �,�Q�� �V�K�R�U�W���� �W�K�H�� �V�F�R�U�L�Q�J�� �V�\�V�W�H�P��
�H�Y�D�O�X�D�W�H�V�� �F�D�U�W�L�O�D�J�H�� �I�R�U�P�D�W�L�R�Q�� �E�D�V�H�G�� �R�Q�� �W�K�U�H�H�� �H�O�H�P�H�Q�W�V����
�������� �W�K�H�� �X�Q�L�I�R�U�P�L�W�\�� �D�Q�G���R�U�� �L�Q�W�H�Q�V�L�W�\�� �R�I�� �W�K�H�� �W�K�L�R�Q�L�Q�� �D�Q�G��
�F�R�O�O�D�J�H�Q�� �W�\�S�H�� �,�,�� �V�W�D�L�Q�L�Q�J���� �������� �W�K�H�� �G�L�V�W�D�Q�F�H�� �E�H�W�Z�H�H�Q�� �F�H�O�O�V��
�D�Q�G�� �W�K�H�� �H�[�W�H�Q�W�� �R�I�� �P�D�W�U�L�[�� �S�U�R�G�X�F�H�G���� �D�Q�G�� �������� �W�K�H�� �F�H�O�O�X�O�D�U��
morphology. Each category has scores ranging from 0 to 
�������U�H�V�X�O�W�L�Q�J���L�Q���D���S�R�V�V�L�E�O�H���P�L�Q�L�P�X�P���F�R�O�O�H�F�W�L�Y�H���V�F�R�U�H���R�I������
�D�Q�G���D���P�D�[�L�P�X�P���R�I���������6�D�P�S�O�H�V���W�K�D�W���Z�H�U�H���H�L�W�K�H�U���Q�R�W���Y�L�V�L�E�O�H��
�D�Q�\�P�R�U�H���D�I�W�H�U���H�L�J�K�W���Z�H�H�N�V���R�I���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q��
�R�U���Z�H�U�H���G�L�V�V�R�O�Y�H�G���G�X�U�L�Q�J���I�R�U�P�D�O�L�Q���¿�[�D�W�L�R�Q���Z�H�U�H���V�F�R�U�H�G������

Biomechanical analysis
For mechanical characterisation of engineered cartilage 
constructs after in vitro and in vivo cell culture, we 
used 2.5 mm thick and 5 mm diameter constructs. The 
�V�D�P�S�O�H�V�� �Z�H�U�H�� �S�O�D�F�H�G�� �L�Q�� �D�� �F�O�R�V�H���¿�W�W�L�Q�J�� �‘�� mm stainless 
steel cylindrical wells. Mechanical testing was performed 
with a materials testing machine (Zwick Z005, Ulm, 
�*�H�U�P�D�Q�\���� �H�T�X�L�S�S�H�G�� �Z�L�W�K�� �D�� ����  �1�� �O�R�D�G�� �F�H�O�O���� �D�� �E�X�L�O�W���L�Q��
displacement control, and a cylindrical, plane-ended, 
�V�W�D�L�Q�O�H�V�V�� �V�W�H�H�O�� �L�Q�G�H�Q�W�H�U�� ���‘������ mm). During mechanical 
�W�H�V�W�L�Q�J���W�K�H���V�D�P�S�O�H�V���Z�H�U�H���L�P�P�H�U�V�H�G���L�Q���3�%�6�����6�W�U�H�V�V���V�W�U�D�L�Q��
testing was performed: the samples were compressed to a 
�¿�Q�D�O���K�H�L�J�K�W���R�I�������� mm at a loading rate of 5 mm per min. 
�$�Q���L�Q���K�R�X�V�H���0�D�W�O�D�E® script was used to locate the sample 
surface and measure the sample thickness. The sample 
�V�X�U�I�D�F�H�� �Z�D�V�� �L�G�H�Q�W�L�¿�H�G�� �E�\�� �G�H�W�H�F�W�L�Q�J�� �W�K�H�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J��
slope discontinuity of the force-displacement curve using 
its second derivative. Force-displacement curves were then 
converted to stress-strain curves. Compressive modulus 
at 40 % strain (E40 �������� �G�H�¿�Q�H�G���D�V���W�K�H���G�H�U�L�Y�D�W�L�Y�H���R�I�� �W�K�H��
stress-strain curve at 40 % strain, was determined for every 
sample (n = 98).

Statistical analysis
�$�O�O���G�D�W�D���Z�H�U�H���D�Q�D�O�\�V�H�G���Z�L�W�K���3�$�6�:���6�W�D�W�L�V�W�L�F�V���������������6�3�6�6��
inc. Chicago, IL, USA). The mean and standard deviations 
�D�U�H�� �S�U�H�V�H�Q�W�H�G���� �)�R�U�� �V�W�D�W�L�V�W�L�F�D�O�� �H�Y�D�O�X�D�W�L�R�Q���� �D�� �P�L�[�H�G�� �O�L�Q�H�D�U��
model was used. Cell source, time point and treatment 
���7�*�)���������Z�H�U�H���G�H�¿�Q�H�G���D�V���¿�[�H�G���I�D�F�W�R�U�V���L�Q���W�K�H���P�R�G�H�O�����'�R�Q�R�U��
�D�Q�G���V�D�P�S�O�H���Q�X�P�E�H�U���Z�H�U�H���W�U�H�D�W�H�G���D�V���U�D�Q�G�R�P���I�D�F�W�R�U�V�����9�D�O�X�H�V��
of p < �����������Z�H�U�H���F�R�Q�V�L�G�H�U�H�G���V�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W�����)�R�U��
histological scoring we used the Kruskal-Wallis followed 
�E�\���W�K�H���0�D�Q�Q���:�K�L�W�Q�H�\ �8���W�H�V�W�V���I�R�U���W�K�H�L�U���V�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�L�V��
(p < 0.05). In order to determine whether mechanical 
�S�U�R�S�H�U�W�L�H�V�� �Z�H�U�H�� �H�Q�K�D�Q�F�H�G�� �E�\�� �W�K�H�� �G�H�S�R�V�L�W�L�R�Q�� �R�I�� �P�D�W�U�L�[��
components, a multiple regression analyses was performed 
using GAG and collagen deposition as independent 
�Y�D�U�L�D�E�O�H�V��(p < 0.05).
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Results

Cell expansion
The cell sources showed clear differences in growth 
rate. �1�&�V���S�U�R�O�L�I�H�U�D�W�H�G���V�L�J�Q�L�¿�F�D�Q�W�O�\���I�D�V�W�H�U���W�K�D�Q���(�&�V�����$�&�V��
and aMSCs (p < 0.05). NCs had gone through 8.9 ± 1.7 
�S�R�S�X�O�D�W�L�R�Q���G�R�X�E�O�L�Q�J�V�����3�'�����L�Q���I�R�X�U���S�D�V�V�D�J�H�V���W�D�N�L�Q�J������ ± 5 d, 
ECs had gone through 6.8 ± 1.3 �3�'���L�Q������ ± 6 d and ACs 
through 3.9 ± 1.1 �3�'���L�Q������ ± 13 d. It took 39 ± 8 d for 
�E�0�6�&�V���D�Q�G������ ± 8 d for aMSCs to complete 4 passages 
���7�D�E�O�H��������

Chondrogenic differentiation in vitro
�$�I�W�H�U���F�H�O�O���H�[�S�D�Q�V�L�R�Q�����F�H�O�O�V���Z�H�U�H���H�Q�F�D�S�V�X�O�D�W�H�G���L�Q���F�O�L�Q�L�F�D�O��
�J�U�D�G�H���D�O�J�L�Q�D�W�H���W�R���S�U�R�P�R�W�H���F�K�R�Q�G�U�R�J�H�Q�H�V�L�V�����$�O�J�L�Q�D�W�H���E�H�D�G�V��
�F�X�O�W�X�U�H�G���Z�L�W�K�R�X�W���7�*�)�������K�D�G���P�D�L�Q�W�D�L�Q�H�G���W�K�H�L�U���'�1�$���F�R�Q�W�H�Q�W��
�D�I�W�H�U�������Z�H�H�N�V���R�I���F�X�O�W�X�U�H�����$�G�G�L�W�L�R�Q���R�I���7�*�)�������V�L�J�Q�L�¿�F�D�Q�W�O�\��
�L�Q�F�U�H�D�V�H�G���W�K�H���W�R�W�D�O���D�P�R�X�Q�W���R�I���'�1�$���L�Q���D�O�J�L�Q�D�W�H���E�H�D�G�V���V�H�H�G�H�G��
with ECs and NCs (p < �����������������Z�K�L�F�K���Z�D�V���D�O�V�R���V�L�J�Q�L�¿�F�D�Q�W�O�\��
higher compared to the other cell sources (p < 0.05), 
�L�Q�G�L�F�D�W�L�Q�J�� �W�K�D�W�� �W�K�R�V�H�� �F�H�O�O�V�� �Z�H�U�H�� �D�E�O�H�� �W�R�� �S�U�R�O�L�I�H�U�D�W�H�� �D�I�W�H�U��
encapsulation in alginate. The other cell conditions 
�U�H�P�D�L�Q�H�G���D�W���D���V�W�D�E�O�H���F�H�O�O���F�R�Q�W�H�Q�W�����)�L�J�������$����
	 �&�K�R�Q�G�U�R�F�\�W�H�V���G�L�G���H�[�S�U�H�V�V���O�R�Z���O�H�Y�H�O�V���R�I��COL2A1 and 
ACAN without TGF��������After chondrogenic induction (with 
�7�*�)�����������W�K�H��COL2A1 and ACAN �J�H�Q�H���H�[�S�U�H�V�V�L�R�Q���O�H�Y�H�O�V��
increased in all cell sources used. Both genes were most 
�K�L�J�K�O�\���H�[�S�U�H�V�V�H�G���E�\���$�&�V����p < �����������������I�R�O�O�R�Z�H�G���E�\���E�0�6�&�V��
(Fig. 1B). This was already seen after 2 weeks of culture 
(data not shown), suggesting that chondrogenesis was not 
�R�Q�O�\���H�Q�K�D�Q�F�H�G���E�X�W���D�O�V�R���D�F�F�H�O�H�U�D�W�H�G��
	 �0�D�W�U�L�[���S�U�R�G�X�F�W�L�R�Q���Z�D�V���T�X�D�Q�W�L�¿�H�G���E�\���*�$�*���D�Q�G���F�R�O�O�D�J�H�Q��
�F�R�Q�W�H�Q�W���R�I���D�O�J�L�Q�D�W�H���E�H�D�G�V���G�X�U�L�Q�J��in vitro culture. Without 
�7�*�)�������Y�H�U�\���O�L�W�W�O�H���*�$�*���Z�D�V���I�R�U�P�H�G��in vitro. Addition of 
�7�*�)�������H�Q�K�D�Q�F�H�G���*�$�*���S�U�R�G�X�F�W�L�R�Q���D�Q�G���D�I�W�H�U�������Z�H�H�N�V���R�I��
�F�X�O�W�X�U�H���$�&�V���G�H�S�R�V�L�W�H�G���V�L�J�Q�L�¿�F�D�Q�W�O�\���P�R�U�H���*�$�*�V (p < 0.01). 
When GAG content was adjusted to the amount of DNA, 
�V�L�P�L�O�D�U���E�X�W���P�R�U�H���S�U�R�Q�R�X�Q�F�H�G���G�L�I�I�H�U�H�Q�F�H�V���Z�H�U�H���R�E�V�H�U�Y�H�G��
(ACs produced most GAGs: 60.89 ± 53.04 ���J���*�$�*�� ����
���J DNA; p < 0.001). �*�$�*�� �F�R�Q�W�H�Q�W�� �S�H�U�� �D�O�J�L�Q�D�W�H�� �E�H�D�G��
�L�Q�� �F�R�Q�V�W�U�X�F�W�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �E�0�6�&�V���� �(�&�V���� �1�&�V�� �D�Q�G�� �D�0�6�&�V��
�Z�D�V�� �Q�R�W�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �G�L�I�I�H�U�H�Q�W���� �D�O�W�K�R�X�J�K�� �D�� �O�D�U�J�H�� �G�R�Q�R�U��
�Y�D�U�L�D�W�L�R�Q���Z�D�V���R�E�V�H�U�Y�H�G�����$�O�V�R���Z�L�W�K���O�D�U�J�H���Y�D�U�L�D�W�L�R�Q���E�H�W�Z�H�H�Q��

donors, aMSCs performed worse. The amount of collagen 
�G�H�S�R�V�L�W�H�G���Z�D�V���M�X�V�W���D�E�R�Y�H���E�D�F�N�J�U�R�X�Q�G���I�R�U���D�O�O���F�H�O�O���V�R�X�U�F�H�V��
�D�I�W�H�U�� ���� �Z�H�H�N�V�� �R�I�� �F�K�R�Q�G�U�R�J�H�Q�L�F�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���� �E�H�L�Q�J�� �R�Q��
average 1.53 ± 1.84 ���J�� �F�R�O�O�D�J�H�Q���S�H�U���D�O�J�L�Q�D�W�H���E�H�D�G (Fig. 
1C).

Chondrogenic differentiation in vivo
�7�R���V�W�X�G�\���W�K�H���V�W�D�E�L�O�L�W�\���D�Q�G���T�X�D�O�L�W�\���R�I���7�(���F�D�U�W�L�O�D�J�H��in vivo, 
�D�O�J�L�Q�D�W�H�� �F�R�Q�V�W�U�X�F�W�V�� �Z�H�U�H�� �¿�U�V�W�� �G�L�I�I�H�U�H�Q�W�L�D�W�H�G��in vitro for 
5 weeks �D�Q�G�� �V�X�E�V�H�T�X�H�Q�W�O�\�� �L�P�S�O�D�Q�W�H�G�� �V�X�E�F�X�W�D�Q�H�R�X�V�O�\��
on the dorsal side of athymic mice for an additional 8 
weeks of culture. Constructs seeded with ECs or NCs, 
�S�U�H���F�X�O�W�X�U�H�G�� �Z�L�W�K�� �7�*�)�������� �K�D�G�� �D�� �P�D�F�U�R�V�F�R�S�L�F�D�O�O�\�� �Z�K�L�W�H��
�R�S�D�T�X�H���D�S�S�H�D�U�D�Q�F�H���D�Q�G���Z�H�U�H���U�H�O�D�W�L�Y�H�O�\���V�W�U�R�Q�J���R�Q���K�D�Q�G�O�L�Q�J����
�&�R�Q�Y�H�U�V�H�O�\���� �F�R�Q�V�W�U�X�F�W�V�� �S�U�H���F�X�O�W�X�U�H�G�� �Z�L�W�K�R�X�W�� �7�*�)������ �R�U��
�F�R�Q�V�W�U�X�F�W�V�� �H�Q�F�D�S�V�X�O�D�W�L�Q�J���$�&�V���� �E�0�6�&�V�� �R�U�� �D�0�6�&�V���� �Z�H�U�H��
�I�U�D�J�L�O�H�� �D�Q�G�� �D�O�V�R�� �G�L�G�� �Q�R�W�� �U�H�V�H�P�E�O�H�� �F�D�U�W�L�O�D�J�L�Q�R�X�V�� �W�L�V�V�X�H��
macroscopically (Figs. 2A and 3A).
	 �3�U�L�R�U���W�R���L�P�S�O�D�Q�W�D�W�L�R�Q�����F�R�Q�V�W�U�X�F�W�V���S�U�H���F�X�O�W�X�U�H�G���Z�L�W�K�R�X�W��
�7�*�)������ �S�U�R�G�X�F�H�G�� �Y�H�U�\�� �O�L�W�W�O�H�� �*�$�*��in vitro���� �E�H�L�Q�J�� �R�Q��
average 1.10  ± 1.20 �—�J�� �*�$�*�� �S�H�U�� �F�R�Q�V�W�U�X�F�W���� �$�I�W�H�U��in 
vivo implantation, these constructs greatly increased 
�W�K�H�L�U�� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� �P�D�W�U�L�[�� �F�R�P�S�R�Q�H�Q�W�V���� �D�O�W�K�R�X�J�K�� �W�K�H�\��
�G�L�G�� �Q�R�W�� �U�H�D�F�K�� �O�H�Y�H�O�V�� �Z�K�L�F�K�� �H�T�X�D�O�O�H�G�� �W�K�H�� �P�D�W�U�L�[�� �F�R�Q�W�H�Q�W��
�I�R�X�Q�G���L�Q���F�R�Q�V�W�U�X�F�W�V���F�X�O�W�X�U�H�G���Z�L�W�K���7�*�)���� (Fig. 2B). After 
�V�X�E�F�X�W�D�Q�H�R�X�V�� �L�P�S�O�D�Q�W�D�W�L�R�Q�� �S�U�H�F�H�G�H�G�� �E�\�� �F�K�R�Q�G�U�R�J�H�Q�L�F��
�F�X�O�W�X�U�H�����Z�L�W�K���7�*�)�����������$�&�V�����E�0�6�&�V���D�Q�G���D�0�6�&�V���U�H�W�D�L�Q�H�G��
�W�K�H�L�U���*�$�*���F�R�Q�W�H�Q�W���E�X�W���G�L�G���Q�R�W���I�X�U�W�K�H�U���L�Q�F�U�H�D�V�H���L�W�����,�Q���F�R�Q�W�U�D�V�W����
�(�&�V���D�Q�G���1�&�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���H�Q�K�D�Q�F�H�G���P�D�W�U�L�[���I�R�U�P�D�W�L�R�Q��in 
vivo ���(�&�� �����������I�R�O�G�� �D�Q�G�� �1�&�� �����������I�R�O�G�� ���� �E�R�W�K��p < 0.001) 
leading to a superior GAG deposition after implantation 
�F�R�P�S�D�U�H�G���W�R���W�K�H���R�W�K�H�U���F�H�O�O���V�R�X�U�F�H�V�����E�R�W�K��p < 0.001). These 
�U�H�V�X�O�W�V���Z�H�U�H���I�X�U�W�K�H�U���F�R�Q�¿�U�P�H�G���E�\���7�K�L�R�Q�L�Q���V�W�D�L�Q�L�Q�J�����G�D�W�D��
not shown). Total collagen deposition was hugely increased 
�D�I�W�H�U���L�P�S�O�D�Q�W�D�W�L�R�Q���D�Q�G���Q�R���V�L�J�Q�L�¿�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V���F�R�X�O�G���E�H��
�G�H�W�H�F�W�H�G���E�H�W�Z�H�H�Q���W�K�H���G�L�I�I�H�U�H�Q�W���F�H�O�O���V�R�X�U�F�H�V�����)�L�J�������%����
	 �&�R�Q�V�W�U�X�F�W�V���F�R�Q�W�D�L�Q�L�Q�J���$�&�V�����E�0�6�&�V���R�U���D�0�6�&�V���H�[�K�L�E�L�W�H�G��
�D���Y�H�U�\���Z�H�D�N���V�W�D�L�Q�L�Q�J���I�R�U���F�D�U�W�L�O�D�J�H���V�S�H�F�L�¿�F���F�R�O�O�D�J�H�Q���W�\�S�H���,�,��
(Fig. 3C), which was in contrast to the overall production 
of collagens (Fig. 3B), thus indicating that other collagens 
were also produced (e.g. collagen type I or type III). The 
�F�D�U�W�L�O�D�J�H�� �P�D�W�U�L�[�� �R�I�� �F�R�Q�V�W�U�X�F�W�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �(�&�V�� �D�Q�G�� �1�&�V��
showed a strong staining for collagen type II, although 

PD/D �6�W�D�W�L�V�W�L�F�D�O�O�\���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W���I�U�R�P
EC 0.18 ± 0.04 NC (p = 0.015) ; AC (p = 0.008)
NC 0.32 ± 0.07 EC (p = 0.015) ; AC (p < 0.001) ; aMSC (p = 0.013)
AC 0.10 ± 0.05 EC (p = 0.008) ; NC (p < �������������������E�0�6�&����p = 0.001)

bMSC 0.25 ± 0.09 AC (p = 0.001)
aMSC 0.16 ± 0.04 NC (p = 0.013)

Table 3�����3�R�S�X�O�D�W�L�R�Q���G�R�X�E�O�L�Q�J���W�L�P�H���R�I���G�L�I�I�H�U�H�Q�W���F�H�O�O���W�\�S�H�V���R�Y�H�U���I�R�X�U���S�D�V�V�D�J�H�V��

NCs proliferated faster than ECs, ACs and aMSCs. The proliferation rate of 
�E�0�6�&�V���G�L�G���Q�R�W���G�L�I�I�H�U���I�U�R�P���D�0�6�&�V�����'�D�W�D���D�U�H���V�K�R�Z�Q���D�V���P�H�D�Q���“ �6�'�����3�'���' = 
�S�R�S�X�O�D�W�L�R�Q���G�R�X�E�O�L�Q�J�V���S�H�U���G�D�\�� ���3�'���' = ���O�Q���1�����1�������O�Q�������������'������ �(�& = ear 
chondrocytes (n = 3 donors); NC = nasal chondrocytes (n = 3 donors); 
AC = articular chondrocytes (n = �����G�R�Q�R�U�V�������E�0�6�& � ���E�R�Q�H���P�D�U�U�R�Z���G�H�U�L�Y�H�G��
mesenchymal stem cells (n = 3 donors); aMSC = adipose tissue-derived 
mesenchymal stem cells (n = 3 donors).
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Fig. 1�����&�D�U�W�L�O�D�J�H���P�D�W�U�L�[���I�R�U�P�D�W�L�R�Q���E�\���V�H�Y�H�U�D�O���F�H�O�O���W�\�S�H�V��in vitro. To promote chondrogenesis, cells were encapsulated 
�L�Q���D�O�J�L�Q�D�W�H���E�H�D�G�V���D�Q�G���F�X�O�W�X�U�H�G���Z�L�W�K�R�X�W����dotted) or with (black�����7�*�)�������I�R�U�������Z�H�H�N�V������A) Cell content. DNA content was 
�G�H�W�H�U�P�L�Q�H�G���E�H�I�R�U�H���F�X�O�W�X�U�H�����G�R�W�W�H�G���O�L�Q�H�������E�H�L�Q�J���R�Q���D�Y�H�U�D�J�H���������� ± 0.183 ���J���'�1�$���S�H�U���D�O�J�L�Q�D�W�H���E�H�D�G�����D�Q�G���D�I�W�H�U�������Z�H�H�N�V��
�R�I���F�X�O�W�X�U�H�����7�K�H���D�P�R�X�Q�W���R�I���'�1�$���Z�D�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���K�L�J�K�H�U���L�Q���F�R�Q�V�W�U�X�F�W�V���F�R�Q�W�D�L�Q�L�Q�J���(�&�V���R�U���1�&�V����(B�����*�H�Q�H���H�[�S�U�H�V�V�L�R�Q��
analyses. �5�H�O�D�W�L�Y�H���J�H�Q�H���H�[�S�U�H�V�V�L�R�Q���O�H�Y�H�O�V���R�I��COL2A1 and ACAN���Z�H�U�H���F�R�U�U�H�F�W�H�G���I�R�U���W�K�H���E�H�V�W���K�R�X�V�H�N�H�H�S�H�U���L�Q�G�H�[�����$�O�O���F�H�O�O��
�V�R�X�U�F�H�V���H�[�S�U�H�V�V�H�G��ACAN and COL2A1 after chondrogenic induction. (C) Biochemical analyses. Biochemical evaluation 
�R�I���W�K�H���J�O�\�F�R�V�D�P�L�Q�R�J�O�\�F�D�Q�����*�$�*�����D�Q�G���F�R�O�O�D�J�H�Q���F�R�Q�W�H�Q�W���D�I�W�H�U���F�K�R�Q�G�U�R�J�H�Q�L�F���L�Q�G�X�F�W�L�R�Q���L�Q���D�O�J�L�Q�D�W�H���E�H�D�G�V�����$�&�V���G�H�S�R�V�L�W�H�G��
most GAGs. Collagen production was low in vitro. Data are shown as mean ± �6�'�����)�R�U���V�W�D�W�L�V�W�L�F�D�O���H�Y�D�O�X�D�W�L�R�Q�����D���P�L�[�H�G��
model was used. *, ** or *** indicates p-values less than 0.05, 0.01 or 0.001, respectively, compared to the control 
�F�R�Q�G�L�W�L�R�Q�����D�V�W�H�U�L�V�N���L�V���V�K�R�Z�Q���L�Q���W�K�H���E�D�U�����R�U���F�R�P�S�D�U�H�G���W�R���W�K�H���R�W�K�H�U���F�H�O�O���V�R�X�U�F�H�V�����D�V�W�H�U�L�V�N���L�V���V�K�R�Z�Q���D�E�R�Y�H���W�K�H���E�D�U�������(�& = 
ear chondrocytes (n = 4 donors); NC = nasal chondrocytes (n = 4 donors); AC = articular chondrocytes (n = 4 donors); 
�E�0�6�& � ���E�R�Q�H���P�D�U�U�R�Z���G�H�U�L�Y�H�G���P�H�V�H�Q�F�K�\�P�D�O���V�W�H�P���F�H�O�O�V����n = 6 donors); aMSC = adipose tissue-derived mesenchymal 
stem cells (n = 6 donors). �3�H�U���G�R�Q�R�U�������������V�D�P�S�O�H�V���Z�H�U�H���X�V�H�G���I�R�U���D�Q�D�O�\�V�H�V��
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�G�L�V�V�L�P�L�O�D�U�� �G�L�V�W�U�L�E�X�W�L�R�Q�V�� �R�I�� �F�R�O�O�D�J�H�Q�� �W�\�S�H���,�,�� �¿�E�U�H�V�� �Z�L�W�K�L�Q��
�W�K�H���F�D�U�W�L�O�D�J�H���P�D�W�U�L�F�H�V���Z�H�U�H���D�S�S�D�U�H�Q�W�����7�K�H���V�H�P�L���T�X�D�Q�W�L�W�D�W�L�Y�H��
histological scores of constructs containing ECs or NCs 
�Z�H�U�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���E�H�W�W�H�U���W�K�D�Q���W�K�H���V�F�R�U�H�V���R�I���W�K�H���R�W�K�H�U���F�H�O�O��
sources (Fig. 3C).
	 The presence of elastin was determined to evaluate 
differentiation into elastic cartilage. There was no 
�H�O�D�V�W�L�Q���G�H�W�H�F�W�D�E�O�H���L�Q���D�Q�\���R�I���W�K�H���F�R�Q�V�W�U�X�F�W�V���Z�L�W�K���D�Q���H�O�D�V�W�L�Q��
immunostaining after 5 weeks of in vitro cell culture (data 
�Q�R�W���V�K�R�Z�Q�������$�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q�����H�O�D�V�W�L�Q���Z�D�V��
only present in alginate constructs containing ECs, and 
predominantly found in constructs which were pre-cultured 
�Z�L�W�K���7�*�)���������0�R�V�W���H�O�D�V�W�L�Q���Z�D�V���O�R�F�D�W�H�G���D�U�R�X�Q�G���W�K�H���F�H�O�O�����)�L�J����
3D).
	 To ensure that these cartilage constructs were of 
�K�X�P�D�Q���R�U�L�J�L�Q�����D���K�X�P�D�Q���V�S�H�F�L�¿�F���Y�L�P�H�Q�W�L�Q���V�W�D�L�Q���Z�D�V���X�V�H�G��
�R�Q�� �K�L�V�W�R�O�R�J�L�F�D�O�� �V�H�F�W�L�R�Q�V���� �,�W�� �F�R�Q�¿�U�P�H�G�� �W�K�D�W�� �W�K�H�� �F�D�U�W�L�O�D�J�H��
constructs were indeed of human origin (Fig. 3E), while 
�W�K�H���V�X�U�U�R�X�Q�G�L�Q�J���¿�E�U�R�X�V���W�L�V�V�X�H���Z�D�V���Q�R�W�����G�D�W�D���Q�R�W���V�K�R�Z�Q����

Cartilage stability
Hypertrophic differentiation is an unwanted phenomenon 
in cartilage regeneration, resulting in cartilage that can 

�U�H�P�R�G�H�O�� �L�Q�W�R�� �E�R�Q�H�� �Z�K�H�Q�� �L�P�S�O�D�Q�W�H�G��in vivo. To evaluate 
hypertrophy in vitro���� �Z�H�� �K�D�Y�H�� �V�W�X�G�L�H�G�� �J�H�Q�H�� �H�[�S�U�H�V�V�L�R�Q��
of a panel of three hypertrophic markers during 5 weeks 
of cell culture (i.e. COL10, ALP and MMP13; Fig. 4A). 
Cultured with TGF����, COL10���H�[�S�U�H�V�V�L�R�Q���Z�D�V���K�L�J�K�H�V�W���L�Q��
NCs (p < �������������D�Q�G���E�0�6�&�V����p < 0.001), and was minimally 
�H�[�S�U�H�V�V�H�G�� �E�\���$�&�V����MMP13 �Z�D�V�� �H�[�S�U�H�V�V�H�G�� �E�\�� �D�O�O�� �F�H�O�O�V��
�D�Q�G�� �V�L�J�Q�L�¿�F�D�Q�W�O�\�� �K�L�J�K�H�V�W�� �L�Q�� �1�&�V����ALP�� �Z�D�V�� �V�L�J�Q�L�¿�F�D�Q�W�O�\��
�K�L�J�K�H�U���L�Q���F�R�Q�V�W�U�X�F�W�V���Z�L�W�K���E�0�6�&�V���F�R�P�S�D�U�H�G���W�R���W�K�H���R�W�K�H�U��
cell sources (p < ���������������,�Q���D�G�G�L�W�L�R�Q�����F�R�Q�V�W�U�X�F�W�V���Z�L�W�K���E�0�6�&�V��
�D�O�U�H�D�G�\���H�[�S�U�H�V�V�H�G���K�L�J�K��COL10 and ALP after 2 weeks of 
culture, indicating early hypertrophic differentiation (data 
not shown).
	 �$�O�W�K�R�X�J�K���E�0�6�&�V���H�[�S�U�H�V�V�H�G���D�O�O���K�\�S�H�U�W�U�R�S�K�L�F���P�D�U�N�H�U�V��
in vitro�����W�K�H�\���G�L�G���Q�R�W���P�L�Q�H�U�D�O�L�V�H���R�U���I�R�U�P���E�R�Q�H���D�I�W�H�U�������Z�H�H�N�V��
�R�I�� �V�X�E�F�X�W�D�Q�H�R�X�V�� �L�P�S�O�D�Q�W�D�W�L�R�Q�����$�O�V�R���� �Q�R�� �V�L�J�Q�V�� �R�I�� �W�L�V�V�X�H��
�F�D�O�F�L�¿�F�D�W�L�R�Q���R�U���E�R�Q�H���I�R�U�P�D�W�L�R�Q���Z�H�U�H���R�E�V�H�U�Y�H�G���L�Q���F�R�Q�V�W�U�X�F�W�V��
containing aMSCs. In contrast, 100 �����������������R�I���W�K�H���F�H�O�O���I�U�H�H��
�F�R�Q�V�W�U�X�F�W�V���D�Q�G�����X�Q�H�[�S�H�F�W�H�G�O�\������������ �������������������R�I���F�R�Q�V�W�U�X�F�W�V��
encapsulating ACs did calcify in vivo�����$�O�V�R�����F�D�O�F�L�¿�F�D�W�L�R�Q��
was more often seen in constructs pre-cultured in control 
�P�H�G�L�X�P�����Z�L�W�K�R�X�W���7�*�)���������F�R�P�S�D�U�H�G���W�R���F�R�Q�V�W�U�X�F�W�V���F�X�O�W�X�U�H�G��
�L�Q���F�K�R�Q�G�U�R�J�H�Q�L�F���P�H�G�L�X�P�����Z�L�W�K���7�*�)�����������)�L�J�������%����

Fig. 2�����&�D�U�W�L�O�D�J�H���P�D�W�U�L�[���I�R�U�P�D�W�L�R�Q���E�\���V�H�Y�H�U�D�O���F�H�O�O���W�\�S�H�V��in vivo. �3�U�L�R�U���W�R���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q�����F�R�Q�V�W�U�X�F�W�V���Z�H�U�H��
cultured in vitro �I�R�U�������Z�H�H�N�V���L�Q���W�K�H���D�E�V�H�Q�F�H���R�I���7�*�)����������A) Macroscopic view of engineered cartilage constructs after 
�����Z�H�H�N�V���R�I���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q������B) Biochemical analyses. Biochemical evaluation of the glycosaminoglycan 
���*�$�*���� �D�Q�G�� �F�R�O�O�D�J�H�Q�� �F�R�Q�W�H�Q�W���D�I�W�H�U�� �V�X�E�F�X�W�D�Q�H�R�X�V�� �L�P�S�O�D�Q�W�D�W�L�R�Q�� �R�Q�� �W�K�H�� �G�R�U�V�D�O�� �V�L�G�H�� �R�I�� �D�W�K�\�P�L�F�� �P�L�F�H���� �(�&�V�� �D�Q�G�� �1�&�V��
deposited most GAGs in vivo. Collagen production was increased in vivo�����E�X�W���G�L�G���Q�R�W���G�L�I�I�H�U���E�H�W�Z�H�H�Q���W�K�H���F�H�O�O���V�R�X�U�F�H�V����
�7�K�H���J�U�H�\���E�D�U�V���U�H�S�U�H�V�H�Q�W���W�K�H��in vivo���E�L�R�F�K�H�P�L�F�D�O���G�D�W�D���R�I���F�R�Q�V�W�U�X�F�W�V���F�X�O�W�X�U�H�G��in vitro for 5 weeks in the presence of 
�7�*�)���������)�L�J��������������C) Immunohistochemical analyses of collagen type II. ECs and NCs demonstrated a collagen type 
�,�,���U�L�F�K���P�D�W�U�L�[���L�Q���D�O�P�R�V�W���D�O�O���F�D�U�W�L�O�D�J�H���F�R�Q�V�W�U�X�F�W�V�����%�L�R�F�K�H�P�L�F�D�O���G�D�W�D���D�U�H���V�K�R�Z�Q���D�V���P�H�D�Q���“ SD. For statistical evaluation, 
�D���P�L�[�H�G���P�R�G�H�O���Z�D�V���X�V�H�G�����
�����
�
���R�U���
�
�
���L�Q�G�L�F�D�W�H�V��p-value less than 0.05, 0.01 or 0.001, respectively, compared to the 
other cell sources. EC = ear chondrocytes (n = 3 donors); NC = nasal chondrocytes (n = 3 donors); AC = articular 
chondrocytes (n = �����G�R�Q�R�U�V�������E�0�6�& � ���E�R�Q�H���P�D�U�U�R�Z���G�H�U�L�Y�H�G���P�H�V�H�Q�F�K�\�P�D�O���V�W�H�P���F�H�O�O�V����n = 3 donors); aMSC = adipose 
tissue-derived mesenchymal stem cells (n = 3 donors). �3�H�U���G�R�Q�R�U���������V�D�P�S�O�H�V���Z�H�U�H���X�V�H�G���I�R�U���D�Q�D�O�\�V�H�V��
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Fig. 3�����&�D�U�W�L�O�D�J�H���P�D�W�U�L�[���I�R�U�P�D�W�L�R�Q���E�\���V�H�Y�H�U�D�O���F�H�O�O���W�\�S�H�V��in vivo�����3�U�L�R�U���W�R���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q�����F�R�Q�V�W�U�X�F�W�V���Z�H�U�H��
cultured in vitro �I�R�U�������Z�H�H�N�V���L�Q���W�K�H���S�U�H�V�H�Q�F�H���R�I���7�*�)����������A) Macroscopic view of engineered cartilage constructs after 8 
�Z�H�H�N�V���R�I���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q������B) Biochemical analyses. Biochemical evaluation of the glycosaminoglycan (GAG) 
�D�Q�G���F�R�O�O�D�J�H�Q���F�R�Q�W�H�Q�W���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q���R�Q���W�K�H���G�R�U�V�D�O���V�L�G�H���R�I���D�W�K�\�P�L�F���P�L�F�H�����(�&�V���D�Q�G���1�&�V���G�H�S�R�V�L�W�H�G���P�R�V�W��
GAGs in vivo. Collagen production was increased in vivo�����E�X�W���G�L�G���Q�R�W���G�L�I�I�H�U���E�H�W�Z�H�H�Q���W�K�H���F�H�O�O���V�R�X�U�F�H�V������C) Collagen type 
II. �(�&�V���D�Q�G���1�&�V���G�H�P�R�Q�V�W�U�D�W�H�G���D���F�R�O�O�D�J�H�Q���W�\�S�H���,�,���U�L�F�K���P�D�W�U�L�[���L�Q���D�O�P�R�V�W���D�O�O���F�D�U�W�L�O�D�J�H���F�R�Q�V�W�U�X�F�W�V�����O�H�D�G�L�Q�J���W�R���V�L�J�Q�L�¿�F�D�Q�W�O�\��
�E�H�W�W�H�U���V�H�P�L���T�X�D�Q�W�L�W�D�W�L�Y�H���%�H�U�Q�¶�V���V�F�R�U�H�V���W�K�D�Q���W�K�H���R�W�K�H�U���F�H�O�O���V�R�X�U�F�H�V������D) Elastin. Elastin was not formed in vitro. After 
�V�X�E�F�X�W�D�Q�H�R�X�V�� �L�P�S�O�D�Q�W�D�W�L�R�Q���� �R�Q�O�\�� �F�R�Q�V�W�U�X�F�W�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �(�&�V�� �Z�H�U�H�� �D�E�O�H�� �W�R�� �S�U�R�G�X�F�H�� �H�O�D�V�W�L�Q���� �0�R�V�W�� �H�O�D�V�W�L�Q�� �¿�E�U�H�V�� �Z�H�U�H��
found around the cell. Elastin � ���,�P�P�X�Q�R�K�L�V�W�R�F�K�H�P�L�F�D�O���V�W�D�L�Q�L�Q�J���I�R�U���H�O�D�V�W�L�Q�����5�) � ���5�H�V�R�U�F�K�L�Q���)�X�F�K�V�L�Q�����F�K�H�P�L�F�D�O���V�W�D�L�Q�L�Q�J��
for elastin. (E) Human vimentin. All cartilage constructs were of human origin. Biochemical data are shown as mean 
± �6�'�����)�R�U���V�W�D�W�L�V�W�L�F�D�O���H�Y�D�O�X�D�W�L�R�Q�����D���P�L�[�H�G���P�R�G�H�O���Z�D�V���X�V�H�G�����+�L�V�W�R�O�R�J�L�F�D�O���G�D�W�D���D�U�H���V�K�R�Z�Q���D�V���W�K�H���P�H�G�L�D�Q���R�I���L�Q�G�L�Y�L�G�X�D�O���G�D�W�D��
�S�R�L�Q�W�V�����)�R�U���V�W�D�W�L�V�W�L�F�D�O���H�Y�D�O�X�D�W�L�R�Q�����D���.�U�X�V�N�D�O���:�D�O�O�L�V���W�H�V�W���Z�D�V���X�V�H�G���I�R�O�O�R�Z�H�G���E�\���0�D�Q�Q���:�K�L�W�Q�H�\���8���F�R�P�S�D�U�L�V�R�Q�����
�����
�
���R�U���
�
�
��
indicates p-values less than 0.05, 0.01 or 0.001, respectively, compared to the other cell sources. EC = ear chondrocytes 
(n = 3 donors); NC = nasal chondrocytes (n = 3 donors); AC = articular chondrocytes (n = �����G�R�Q�R�U�V�������E�0�6�& � ���E�R�Q�H��
marrow-derived mesenchymal stem cells (n = 3 donors); aMSC = adipose tissue-derived mesenchymal stem cells (n = 3 
donors). �3�H�U���G�R�Q�R�U���������V�D�P�S�O�H�V���Z�H�U�H���X�V�H�G���I�R�U���D�Q�D�O�\�V�H�V��
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Fig. 4�����6�W�D�E�L�O�L�W�\���R�I���F�D�U�W�L�O�D�J�H���F�R�Q�V�W�U�X�F�W�V��in vitro and in vivo. (A) Hypertrophy in vitro�����5�H�O�D�W�L�Y�H���J�H�Q�H���H�[�S�U�H�V�V�L�R�Q���O�H�Y�H�O�V��
of COL10, ALP and MMP13���Z�H�U�H���H�[�D�P�L�Q�H�G���D�I�W�H�U�������Z�H�H�N�V���R�I���F�X�O�W�X�U�H���D�Q�G���F�R�U�U�H�F�W�H�G���I�R�U���W�K�H���E�H�V�W���K�R�X�V�H�N�H�H�S�H�U���L�Q�G�H�[����
�+�\�S�H�U�W�U�R�S�K�L�F���J�H�Q�H�V���Z�H�U�H���P�R�V�W���K�L�J�K�O�\���H�[�S�U�H�V�V�H�G���E�\���E�0�6�&�V���D�Q�G���1�&�V�����'�D�W�D���D�U�H���V�K�R�Z�Q���D�V���P�H�D�Q���“ SD. For statistical 
�H�Y�D�O�X�D�W�L�R�Q���� �D�� �P�L�[�H�G�� �P�R�G�H�O�� �Z�D�V�� �X�V�H�G���� �
���� �
�
�� �R�U�� �
�
�
�� �L�Q�G�L�F�D�W�H�V��p-values less than 0.05, 0.01 or 0.001, respectively, 
�F�R�P�S�D�U�H�G���W�R���W�K�H���F�R�Q�W�U�R�O���F�R�Q�G�L�W�L�R�Q�����D�V�W�H�U�L�V�N���L�V���V�K�R�Z�Q���L�Q���W�K�H���E�D�U�����R�U���F�R�P�S�D�U�H�G���W�R���W�K�H���R�W�K�H�U���F�H�O�O���V�R�X�U�F�H�V�����D�V�W�H�U�L�V�N���L�V��
�V�K�R�Z�Q���D�E�R�Y�H���W�K�H���E�D�U�������(�&�����1�&���D�Q�G���$�&����n = �����G�R�Q�R�U�V���H�D�F�K�����E�0�6�&�����D�0�6�&����n = 6 donors each. (B) Mineralisation 
in vivo�����9�R�Q���.�R�V�V�D���V�W�D�L�Q�L�Q�J���Z�D�V���X�V�H�G���W�R���H�Y�D�O�X�D�W�H���F�R�Q�V�W�U�X�F�W���F�D�O�F�L�¿�F�D�W�L�R�Q��in vivo. MSCs did not calcify the construct 
in vivo. Non-seeded alginate and constructs encapsulating ACs did calcify. For each cell source we had a total of 6 
alginate constructs: duplicate samples of 3 different donors. EC = ear chondrocytes; NC = nasal chondrocytes; AC = 
�D�U�W�L�F�X�O�D�U�� �F�K�R�Q�G�U�R�F�\�W�H�V���� �E�0�6�& � �� �E�R�Q�H�� �P�D�U�U�R�Z���G�H�U�L�Y�H�G�� �P�H�V�H�Q�F�K�\�P�D�O�� �V�W�H�P�� �F�H�O�O�V���� �D�0�6�& = adipose tissue-derived 
mesenchymal stem cells.

Fig. 5. Biomechanical evaluation of constructs with different cell types. Biomechanical properties enhanced after in 
vivo���L�P�S�O�D�Q�W�D�W�L�R�Q�����(�&�V���D�Q�G���1�&�V���W�H�Q�G�H�G���W�R���H�[�K�L�E�L�W���V�X�S�H�U�L�R�U���P�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V��in vivo compared to the other cell 
�V�R�X�U�F�H�V�����6�L�Q�F�H���W�L�V�V�X�H���F�D�O�F�L�¿�F�D�W�L�R�Q���P�L�V�U�H�S�U�H�V�H�Q�W�V���W�K�H���E�L�R�P�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V���R�I���W�K�H���F�D�U�W�L�O�D�J�H���P�D�W�U�L�[�����Z�H���H�[�F�O�X�G�H�G��
�F�D�O�F�L�¿�H�G�� �F�D�U�W�L�O�D�J�H�� �F�R�Q�V�W�U�X�F�W�V�� �I�R�U�� �I�X�U�W�K�H�U�� �D�Q�D�O�\�V�H�V�� ���J�U�H�\�� �E�D�U�� �U�H�S�U�H�V�H�Q�W�V�� �W�K�H�� �P�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V�� �R�I�� �E�R�W�K�� �F�D�O�F�L�¿�H�G��
�D�Q�G���Q�R�Q���F�D�O�F�L�¿�H�G���F�R�Q�V�W�U�X�F�W�V�������%�L�R�P�H�F�K�D�Q�L�F�D�O���G�D�W�D���D�U�H���V�K�R�Z�Q���D�V���P�H�D�Q���“ SD. EC = ear chondrocytes (n = 3 donors); 
NC = nasal chondrocytes (n = 3 donors); AC = articular chondrocytes (n = �����G�R�Q�R�U�V�������E�0�6�& � ���E�R�Q�H���P�D�U�U�R�Z���G�H�U�L�Y�H�G��
mesenchymal stem cells (n = 3 donors); aMSC = adipose tissue-derived mesenchymal stem cells (n = 3 donors). �3�H�U��
donor, 2 samples were used for analyses.



274 www.ecmjournal.org

MM Pleumeekers et al.                                                                Comparison of cell sources for cartilage regeneration

Cartilage structure and functionality
The elastic modulus of constructs was low in vitro, 
�L�U�U�H�V�S�H�F�W�L�Y�H�� �R�I�� �W�K�H�� �F�H�O�O�� �V�R�X�U�F�H�� �X�V�H�G���� �E�H�L�Q�J�� �R�Q�� �D�Y�H�U�D�J�H��
7.42 ± 2.10 �N�3�D�����+�R�Z�H�Y�H�U�����D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q����
mechanical properties improved in constructs containing 
either ECs (23.68 ± 10.20) or NCs (55.12 ± ���������������� �E�X�W��
�Z�D�V���Q�R�W���S�H�U�F�H�L�Y�H�G���L�Q���F�R�Q�V�W�U�X�F�W�V���F�R�Q�W�D�L�Q�L�Q�J���$�&�V�����E�0�6�&�V��
�R�U���D�0�6�&�V�����)�L�J�������������6�L�Q�F�H���W�L�V�V�X�H���F�D�O�F�L�¿�F�D�W�L�R�Q���P�L�V�U�H�S�U�H�V�H�Q�W�V��
�W�K�H�� �E�L�R�P�H�F�K�D�Q�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �W�K�H�� �F�D�U�W�L�O�D�J�H�� �P�D�W�U�L�[����
�Z�H�� �H�[�F�O�X�G�H�G�� �F�D�O�F�L�¿�H�G�� �F�D�U�W�L�O�D�J�H�� �F�R�Q�V�W�U�X�F�W�V�� �I�U�R�P�� �I�X�U�W�K�H�U��
analyses.
	 To determine whether the mechanical properties were 
�H�Q�K�D�Q�F�H�G�� �E�\�� �W�K�H�� �G�H�S�R�V�L�W�L�R�Q�� �R�I�� �P�D�W�U�L�[�� �F�R�P�S�R�Q�H�Q�W�V���� �D��
multiple regression analyses was performed for all cell 
sources separately using GAG and collagen deposition 
�D�V���L�Q�G�H�S�H�Q�G�H�Q�W���Y�D�U�L�D�E�O�H�V�����2�Q�O�\���I�R�U���F�R�Q�V�W�U�X�F�W�V���F�R�Q�W�D�L�Q�L�Q�J��
�1�&�V�����P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W�V���V�L�J�Q�L�¿�F�D�Q�W�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H��
�E�L�R�P�H�F�K�D�Q�L�F�D�O���I�X�Q�F�W�L�R�Q�D�O�L�W�\���R�I���W�K�H���F�R�Q�V�W�U�X�F�W�V����R2 = 0.477, 
F = 4.558, p = 0.039). For these constructs, only GAG 
�G�H�S�R�V�L�W�L�R�Q���D�V�V�R�F�L�D�W�H�G���V�L�J�Q�L�¿�F�D�Q�W�O�\���Z�L�W�K���W�K�H���E�L�R�P�H�F�K�D�Q�L�F�D�O��
properties of the cartilage constructs independently (GAG: 
�� = 0.689, p = 0.013; collagen: �� = 0.044, p = 0.851).

Discussion

For successful regeneration of cartilage tissue, selection 
of the most appropriate cell source is crucial. This 
�V�W�X�G�\�� �G�H�P�R�Q�V�W�U�D�W�H�V�� �W�K�D�W�� �F�D�U�W�L�O�D�J�H�� �P�D�W�U�L�[�� �I�R�U�P�D�W�L�R�Q��
and functionality is cell source dependent; articular 
chondrocytes (ACs) possess the highest chondrogenic 
capacity in vitro, while ear chondrocytes (ECs) and 
nasal chondrocytes (NCs) are most potent for cartilage 
�U�H�J�H�Q�H�U�D�W�L�R�Q���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q��in vivo.
	 To date, we and others have evaluated the use of 
chondrocytes and mesenchymal stem cells (MSCs) 
�I�U�R�P�� �V�H�Y�H�U�D�O�� �D�Q�D�W�R�P�L�F�D�O�� �O�R�F�D�W�L�R�Q�V�� �I�R�U�� �W�K�H�L�U�� �D�S�S�O�L�F�D�E�L�O�L�W�\��
�L�Q�� �F�D�U�W�L�O�D�J�H�� �U�H�J�H�Q�H�U�D�W�L�Y�H�� �P�H�G�L�F�L�Q�H�� ���$�¿�]�D�K��et al., 2007; 
Asawa et al., 2009; Chung et al., 2008; Hellingman et al., 
2011; Henderson et al., 2007; Isogai et al.�����������������-�R�K�Q�V�R�Q��
et al.�����������������.�D�¿�H�Q�D�K��et al., 2002; Karlsson et al., 2007; 
Kusuhara et al., 2009; Lohan et al., 2011; Malicev et 
al., 2009; Naumann et al.�����������������3�D�Q�R�V�V�L�D�Q��et al., 2001; 
Sakaguchi et al., 2005; Seda Tigli et al., 2009; Tay et al., 
2004; van Osch et al., 2004; Vinardell et al., 2012; Xu 
et al., 2004; Yoshimura et al., 2007; Zhang and Spector, 
�������������� �+�R�Z�H�Y�H�U���� �W�K�H�V�H���V�W�X�G�L�H�V���R�I�W�H�Q���X�V�H�G���Q�R�Q���H�[�S�D�Q�G�H�G��
cells isolated from animals. Moreover, a detailed direct 
�F�R�P�S�D�U�L�V�R�Q�� �E�H�W�Z�H�H�Q�� �Y�D�U�L�R�X�V�� �F�K�R�Q�G�U�R�F�\�W�H�� �D�Q�G�� �0�6�&����
�V�R�X�U�F�H�V�� �Z�D�V�� �O�D�F�N�L�Q�J�����7�K�H�U�H�I�R�U�H���� �W�K�L�V�� �V�W�X�G�\�� �L�V�� �W�K�H�� �¿�U�V�W�� �W�R��
�V�\�V�W�H�P�D�W�L�F�D�O�O�\�� �F�R�P�S�D�U�H�� �W�K�H�� �T�X�D�O�L�W�\�� �D�Q�G�� �W�L�V�V�X�H�� �V�W�D�E�L�O�L�W�\��
�R�I�� �H�Q�J�L�Q�H�H�U�H�G�� �F�D�U�W�L�O�D�J�H�� �F�R�Q�V�W�U�X�F�W�V�� �S�U�R�G�X�F�H�G�� �E�\�� �F�X�O�W�X�U�H��
�H�[�S�D�Q�G�H�G���$�&�V�����1�&�V�����(�&�V�����E�0�6�&�V���D�Q�G���D�0�6�&�V���R�I���K�X�P�D�Q��
origin.
	 �:�H���K�D�Y�H���X�V�H�G���F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G���K�X�P�D�Q���F�H�O�O�V�����W�R���F�O�R�V�H�O�\��
simulate the clinical situation. For clinical application, the 
�X�V�H���R�I���D�X�W�R�J�H�Q�H�L�F���F�H�O�O�V���L�V���I�D�Y�R�X�U�D�E�O�H�����V�L�Q�F�H���W�K�H�V�H���F�H�O�O�V���G�R��
�Q�R�W���H�O�L�F�L�W���D���W�L�V�V�X�H���U�H�M�H�F�W�L�R�Q���U�H�V�S�R�Q�V�H�����+�R�Z�H�Y�H�U�����L�W���K�D�V���E�H�H�Q��
�G�L�I�¿�F�X�O�W���W�R���R�E�W�D�L�Q���D�S�S�U�R�S�U�L�D�W�H���Q�X�P�E�H�U�V���R�I���F�H�O�O�V�����D�V���G�R�Q�R�U��

tissue is limited and harvesting can cause large donor 
�V�L�W�H�� �P�R�U�E�L�G�L�W�\���� �&�R�Q�V�H�T�X�H�Q�W�O�\���� �P�R�Q�R�O�D�\�H�U�� �F�H�O�O�� �H�[�S�D�Q�V�L�R�Q��
�K�D�V�� �E�H�F�R�P�H�� �D�Q�� �H�V�V�H�Q�W�L�D�O�� �V�W�H�S�� �L�Q�� �W�K�H�� �S�U�R�F�H�V�V�� �R�I�� �F�D�U�W�L�O�D�J�H��
�7�(���� �7�R�� �I�X�O�¿�O�� �W�K�L�V�� �U�H�T�X�L�U�H�P�H�Q�W���� �Z�H�� �F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G�� �D�O�O��
�F�H�O�O�V���I�R�U���I�R�X�U���S�D�V�V�D�J�H�V�����,�W���Z�D�V���R�E�Y�L�R�X�V���W�K�D�W���G�L�I�I�H�U�H�Q�W���F�H�O�O�V��
�Z�H�Q�W���W�K�U�R�X�J�K���D���G�L�I�I�H�U�H�Q�W���Q�X�P�E�H�U���R�I���S�R�S�X�O�D�W�L�R�Q���G�R�X�E�O�L�Q�J�V��
during these four passages; ACs had gone through the least 
�Q�X�P�E�H�U���R�I���S�R�S�X�O�D�W�L�R�Q���G�R�X�E�O�L�Q�J�V���F�R�Q�¿�U�P�L�Q�J���H�D�U�O�L�H�U���¿�Q�G�L�Q�J�V��
of slow proliferation of ACs (Henderson et al., 2007; Isogai 
et al.�����������������.�D�¿�H�Q�D�K��et al., 2002; van Osch et al., 2004).
	 �7�R���E�H���D�E�O�H���W�R���X�V�H���H�[�S�D�Q�G�H�G���F�H�O�O�V���I�R�U���W�K�H���U�H�F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���F�D�U�W�L�O�D�J�H���G�H�I�H�F�W�V�����F�H�O�O�V���V�K�R�X�O�G���E�H���V�W�L�P�X�O�D�W�H�G���W�R���U�H�J�D�L�Q��
�W�K�H�L�U���F�D�U�W�L�O�D�J�H���P�D�W�U�L�[���I�R�U�P�L�Q�J���F�D�S�D�F�L�W�\�����6�H�Y�H�U�D�O���U�H�V�H�D�U�F�K��
�J�U�R�X�S�V�� �K�D�Y�H�� �V�K�R�Z�Q�� �W�K�D�W���H�[�S�D�Q�G�H�G�� �F�H�O�O�V�� �F�D�Q�� �U�H�J�D�L�Q�� �W�K�H�L�U��
�F�K�R�Q�G�U�R�J�H�Q�L�F���S�R�W�H�Q�W�L�D�O���X�Q�G�H�U���V�S�H�F�L�¿�F���F�X�O�W�X�U�H���F�R�Q�G�L�W�L�R�Q�V����
�������� �W�K�H�� �X�V�H�� �R�I�� �D�� ���'���F�X�O�W�X�U�H�� �V�\�V�W�H�P���� �D�Q�G���R�U�� �������� �W�K�H��
�D�G�P�L�Q�L�V�W�U�D�W�L�R�Q�� �R�I�� �F�K�R�Q�G�U�R�J�H�Q�L�F�� �I�D�F�W�R�U�V���� �V�X�F�K�� �D�V�� �7�*�)����
(Yaeger et al., 1997). In order to generate a 3D-culture 
environment, we have encapsulated all cells in clinical 
�J�U�D�G�H�� �D�O�J�L�Q�D�W�H���� �V�L�Q�F�H�� �D�O�J�L�Q�D�W�H�� �H�Q�D�E�O�H�V�� �D�� �K�R�P�R�J�H�Q�H�R�X�V��
�F�H�O�O�� �G�L�V�W�U�L�E�X�W�L�R�Q���� �S�U�H�Y�H�Q�W�V�� �F�H�O�O�V�� �I�U�R�P�� �À�R�D�W�L�Q�J�� �R�X�W�� �Z�K�L�O�H��
�S�H�U�P�L�W�W�L�Q�J�� �Q�X�W�U�L�H�Q�W�� �G�L�I�I�X�V�L�R�Q�� �D�Q�G�� �R�[�\�J�H�Q�� �W�U�D�Q�V�I�H�U�� �W�R�� �W�K�H��
encapsulated cells, and promotes the synthesis of cartilage-
�V�S�H�F�L�¿�F���P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W�V�����V�X�F�K���D�V���*�$�*�V���D�Q�G���F�R�O�O�D�J�H�Q��
type II (Hauselmann et al., 1992). Surprisingly, we showed 
that alginate appears to have the tendency to calcify in vivo, 
since 20 �����R�I���D�O�O���F�R�Q�V�W�U�X�F�W�V���F�D�O�F�L�¿�H�G���G�X�U�L�Q�J���V�X�E�F�X�W�D�Q�H�R�X�V��
implantation. Especially, cell-free constructs and constructs 
encapsulating ACs suffered from this phenomenon. Also, 
calcification was more often seen in constructs pre-
�F�X�O�W�X�U�H�G���L�Q���P�H�G�L�X�P���Z�L�W�K�R�X�W���7�*�)���������7�R���R�X�U���N�Q�R�Z�O�H�G�J�H����
�F�D�O�F�L�X�P���F�U�R�V�V���O�L�Q�N�H�G���D�O�J�L�Q�D�W�H���F�D�O�F�L�¿�H�V���W�K�U�R�X�J�K���E�L�Q�G�L�Q�J���W�K�H��
surrounding phosphate ions to form calcium phosphate 
�F�U�\�V�W�D�O�V���� �7�K�H�V�H�� �F�U�\�V�W�D�O�V�� �D�U�H�� �V�W�D�E�O�H�� �L�Q�� �Q�H�X�W�U�D�O�� �W�R�� �E�D�V�L�F��
environments and do not appear at pH of less than 6.8 (Lee 
et al.�������������������:�H���E�H�O�L�H�Y�H���W�K�D�W���W�K�H���F�D�O�F�L�¿�H�G���F�R�Q�V�W�U�X�F�W�V���Z�H�U�H��
�S�R�V�V�L�E�O�\�� �J�H�Q�H�U�D�W�H�G�� �L�Q�� �D�� �Q�H�X�W�U�D�O�� �W�R�� �D�O�N�D�O�L�Q�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W��
prior to implantation, since these constructs were either 
�Q�R�W���P�H�W�D�E�R�O�L�F�D�O�O�\���D�F�W�L�Y�H�����Q�R�Q���V�H�H�G�H�G���D�O�J�L�Q�D�W�H�����R�U���K�D�G���D���O�R�Z��
�P�H�W�D�E�R�O�L�F���D�F�W�L�Y�L�W�\���G�X�H���W�R���V�W�D�E�O�H���F�D�U�W�L�O�D�J�H���I�R�U�P�D�W�L�R�Q�����$�&�V����
�R�U�� �G�X�H�� �W�R�� �W�K�H�� �G�H�¿�F�L�H�Q�F�\�� �R�I�� �7�*�)�������� �2�E�Y�L�R�X�V�O�\���� �L�Q�� �W�K�H�V�H��
�F�R�Q�V�W�U�X�F�W�V�����F�D�O�F�L�¿�F�D�W�L�R�Q���G�L�G���Q�R�W���V�H�H�P���W�R���E�H���D���F�R�Q�V�H�T�X�H�Q�F�H��
�R�I�� �L�Q�V�W�D�E�O�H�� �F�D�U�W�L�O�D�J�H�� �I�R�U�P�D�W�L�R�Q���� �E�X�W�� �Z�D�V�� �P�R�U�H�� �O�L�N�H�O�\�� �D��
typical characteristic of alginate itself. Surprisingly and 
in contrast to our previous work with MSCs in collagen 
scaffolds (Farrell et al., 2009) or in pellets without 
scaffold (Hellingman et al., 2012), constructs containing 
�0�6�&�V�� ���E�R�W�K�� �E�0�6�&�V�� �D�Q�G�� �D�0�6�&�V���� �Q�H�Y�H�U�� �P�L�Q�H�U�D�O�L�V�H�G��
in vivo, although signs of endochondral differentiation 
�Z�H�U�H�� �R�E�V�H�U�Y�H�G�� �S�U�L�R�U�� �W�R�� �L�P�S�O�D�Q�W�D�W�L�R�Q���� �7�K�H�� �D�E�V�H�Q�F�H�� �R�I��
�H�Q�G�R�F�K�R�Q�G�U�D�O�� �R�V�V�L�¿�F�D�W�L�R�Q�� �G�X�U�L�Q�J��in vivo implantation 
�Z�D�V���D�F�F�R�P�S�D�Q�L�H�G���E�\���O�D�F�N���R�I���Q�H�R�Y�D�V�F�X�O�D�U�L�V�D�W�L�R�Q���R�U���Y�H�V�V�H�O��
�L�Q�J�U�R�Z�W�K���Z�L�W�K�L�Q���W�K�H���P�D�W�U�L�[�����Z�K�L�F�K���L�V���N�Q�R�Z�Q���W�R���E�H���H�[�W�U�H�P�H�O�\��
�L�P�S�R�U�W�D�Q�W�� �I�R�U�� �H�Q�G�R�F�K�R�Q�G�U�D�O�� �R�V�V�L�¿�F�D�W�L�R�Q�� ���.�D�Q�F�]�O�H�U�� �D�Q�G��
�2�U�H�I�I�R���� �������������� �:�H�� �E�H�O�L�H�Y�H�� �W�K�D�W�� �D�O�J�L�Q�D�W�H�� �S�U�H�Y�H�Q�W�H�G�� �W�K�L�V��
�S�U�R�F�H�V�V�����E�\���W�K�H���I�D�F�W���W�K�D�W���H�Q�G�R�W�K�H�O�L�D�O���F�H�O�O�V���O�D�F�N���U�H�F�H�S�W�R�U�V���W�R��
�E�L�Q�G���W�R���D�O�J�L�Q�D�W�H���S�R�O�\�P�H�U�V�����S�U�R�K�L�E�L�W�L�Q�J���Q�H�R�Y�D�V�F�X�O�D�U�L�V�D�W�L�R�Q��
�R�U�� �Y�H�V�V�H�O�� �L�Q�J�U�R�Z�W�K�� ���$�O�V�E�H�U�J��et al., 2001). Therefore, it 
�V�H�H�P�H�G���W�K�D�W���D�O�J�L�Q�D�W�H���F�R�X�O�G���E�H���D�Q���H�[�F�H�O�O�H�Q�W���F�H�O�O���F�D�U�U�\�L�Q�J��
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gel for cartilage regeneration, although future work needs 
�W�R���F�O�D�U�L�I�\���Z�K�L�F�K���D�S�S�U�R�D�F�K���L�V���U�H�T�X�L�U�H�G���W�R���H�[�F�O�X�G�H���D�O�J�L�Q�D�W�H��
�F�D�O�F�L�¿�F�D�W�L�R�Q���D�I�W�H�U��in vivo implantation.
	 In addition to a 3D-culture environment, specific 
growth and differentiation factors will help to regain and 
induce a chondrocyte-like phenotype. In vitro, culture-
�H�[�S�D�Q�G�H�G���F�H�O�O�V���R�I���D�O�O���V�R�X�U�F�H�V���V�W�X�G�L�H�G���I�D�L�O�H�G���W�R���G�L�I�I�H�U�H�Q�W�L�D�W�H��
�W�R�Z�D�U�G�V���W�K�H���F�K�R�Q�G�U�R�J�H�Q�L�F���O�L�Q�H�D�J�H���L�Q���W�K�H���D�E�V�H�Q�F�H���R�I���7�*�)��������
�D�V���D�V�V�H�V�V�H�G���E�\���D�Q���D�O�P�R�V�W���Q�H�J�O�L�J�L�E�O�H���G�H�S�R�V�L�W�L�R�Q���R�I���*�$�*�V��
�D�Q�G�� �W�K�H�� �L�Q�I�H�U�L�R�U�� �H�[�S�U�H�V�V�L�R�Q�� �R�I�� �E�R�W�K��ACAN and COL2A1 
�L�Q�� �D�O�J�L�Q�D�W�H�� �F�R�Q�V�W�U�X�F�W�V���� �7�K�H�� �S�U�H�V�H�Q�F�H�� �R�I�� �7�*�)������ �L�Q�G�X�F�H�G��
chondrogenic differentiation in vitro�����Z�K�H�U�H���$�&�V���H�[�K�L�E�L�W��
a superior chondrogenic capacity in vitro, compared to 
�W�K�H�� �R�W�K�H�U�� �F�H�O�O�� �V�R�X�U�F�H�V�����7�K�H�� �E�H�Q�H�¿�F�L�D�O�� �H�I�I�H�F�W�� �R�I�� �F�X�O�W�X�U�L�Q�J��
�Z�L�W�K���7�*�)�������G�X�U�L�Q�J��in vivo chondrogenesis was present, 
�D�O�W�K�R�X�J�K���O�H�V�V���R�E�Y�L�R�X�V�����&�R�Q�V�W�U�X�F�W�V���F�X�O�W�X�U�H�G���Z�L�W�K�R�X�W���7�*�)������
�L�Q�F�U�H�D�V�H�G���W�K�H�L�U���S�U�R�G�X�F�W�L�R�Q���R�I���P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W�V���D�I�W�H�U��in 
vivo �L�P�S�O�D�Q�W�D�W�L�R�Q�����E�X�W���Z�H�U�H���Q�R�W���D�E�O�H���W�R���U�H�D�F�K���O�H�Y�H�O�V���I�R�X�Q�G��
�L�Q���F�R�Q�V�W�U�X�F�W�V���F�X�O�W�X�U�H�G���Z�L�W�K���7�*�)������
	 �(�Y�H�Q�� �D�I�W�H�U�� �I�R�X�U�� �S�D�V�V�D�J�H�V�� �R�I�� �F�X�O�W�X�U�H�� �H�[�S�D�Q�V�L�R�Q����
�F�K�R�Q�G�U�R�F�\�W�H�V�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �V�R�P�H�� �F�O�H�D�U�� �V�X�E�W�\�S�H�� �V�S�H�F�L�¿�F��
differences. Firstly, ACs possessed the highest chondrogenic 
capacity in vitro�����E�X�W���Z�H�U�H���Q�R�W���D�E�O�H���W�R���I�X�U�W�K�H�U���L�Q�F�U�H�D�V�H���W�K�H�L�U��
�F�D�U�W�L�O�D�J�H���P�D�W�U�L�[��in vivo�����7�K�H���L�Q�D�E�L�O�L�W�\���R�I���$�&�V���W�R���S�U�R�P�R�W�H��
cartilage formation in vivo�� �P�D�\�� �E�H�� �G�X�H�� �W�R�� �W�K�H�� �O�D�F�N�� �R�I��
mechanical loading or growth factor stimulation after 
�V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q�����Z�K�L�F�K���P�D�\���K�D�Y�H���O�H�G���W�R���D���O�R�V�V��
of chondrogenic capacity. ACs, different from the other 
�F�H�O�O�� �V�R�X�U�F�H�V���� �D�U�H�� �H�[�S�R�V�H�G�� �W�R�� �P�H�F�K�D�Q�L�F�D�O�� �O�R�D�G�L�Q�J�� �Z�L�W�K�L�Q��
native articular cartilage and unloading is known to induce 
�*�$�*���U�H�O�H�D�V�H���I�U�R�P���W�K�H���F�D�U�W�L�O�D�J�H���P�D�W�U�L�[���D�Q�G���W�R���U�H�G�X�F�H���F�H�O�O��
�S�U�R�O�L�I�H�U�D�W�L�R�Q���D�Q�G���*�$�*���V�\�Q�W�K�H�V�L�V���Z�L�W�K�L�Q���W�K�H���P�D�W�U�L�[�����7�R�P�L�\�D��
et al., 2009). Secondly, chondrocytes from ear cartilage 
�Z�H�U�H���D�E�O�H���W�R���I�R�U�P���D�Q���H�O�D�V�W�L�Q���Q�H�W�Z�R�U�N���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V��
implantation in vivo. Elastin was predominantly found 
�L�Q�� �F�R�Q�V�W�U�X�F�W�V�� �Z�K�L�F�K�� �Z�H�U�H�� �F�X�O�W�X�U�H�G�� �Z�L�W�K���7�*�)��������In vitro 
culture did not demonstrate elastin deposition at all, which 
was in accordance with our previous work (Hellingman 
et al.�������������������7�K�H���F�D�S�D�E�L�O�L�W�\���R�I���F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G���(�&�V���W�R��
produce elastin in vivo suggests that these cells retain their 
�F�D�S�D�E�L�O�L�W�\���W�R���I�R�U�P���D�Q���H�O�D�V�W�L�F���F�D�U�W�L�O�D�J�H���P�D�W�U�L�[�����%�R�W�K���¿�Q�G�L�Q�J�V��
�±���W�K�H���L�Q�D�E�L�O�L�W�\���R�I���$�&�V���W�R���S�U�R�P�R�W�H���F�D�U�W�L�O�D�J�H���I�R�U�P�D�W�L�R�Q��in 
vivo �Z�L�W�K�R�X�W���P�H�F�K�D�Q�L�F�D�O���O�R�D�G�L�Q�J���D�Q�G���W�K�H���D�E�L�O�L�W�\���R�I���F�X�O�W�X�U�H�G��
�H�[�S�D�Q�G�H�G���(�&�V���W�R���S�U�R�G�X�F�H���H�O�D�V�W�L�Q���±���L�Q�G�L�F�D�W�H���W�K�D�W���E�R�W�K���F�H�O�O��
�W�\�S�H�V�� �S�U�H�V�H�U�Y�H�G�� �W�K�H�L�U�� �V�X�E�W�\�S�H�� �V�S�H�F�L�¿�F�� �S�K�H�Q�R�W�\�S�H�� �D�I�W�H�U��
�F�X�O�W�X�U�H���H�[�S�D�Q�V�L�R�Q�����F�R�Q�¿�U�P�L�Q�J���R�X�U���S�U�H�Y�L�R�X�V���V�W�X�G�\���Z�K�H�U�H��
�J�H�Q�H�� �H�[�S�U�H�V�V�L�R�Q�� �S�U�R�¿�O�H�V�� �R�I�� �F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G�� �1�&�V�� �D�Q�G��
ECs displayed clear differences that were related to their 
developmental origin (Hellingman et al., 2011).
	 �%�H�V�L�G�H�V���F�K�R�Q�G�U�R�F�\�W�H�V�����0�6�&�V���K�D�Y�H���E�H�H�Q���G�H�P�R�Q�V�W�U�D�W�H�G��
�W�R���E�H���D�Q���D�W�W�U�D�F�W�L�Y�H���F�H�O�O���V�R�X�U�F�H���I�R�U���F�D�U�W�L�O�D�J�H���7�(�����%�D�U�U�\��et 
al.�����������������&�D�S�O�D�Q�����������������-�R�K�Q�V�W�R�Q�H��et al.�����������������3�L�W�W�H�Q�J�H�U��
et al.���� �������������� �$�O�W�K�R�X�J�K�� �E�R�Q�H�� �P�D�U�U�R�Z�� �R�I�I�H�U�V�� �W�K�H�� �P�R�V�W��
�F�R�P�P�R�Q���V�R�X�U�F�H���R�I���0�6�&�V�����D�G�L�S�R�V�H���W�L�V�V�X�H���K�D�V���E�H�H�Q���S�U�R�Y�H�Q��
�W�R���E�H���D�Q���D�W�W�U�D�F�W�L�Y�H���D�O�W�H�U�Q�D�W�L�Y�H���L�Q���U�H�V�S�H�F�W���W�R���W�K�H���D�E�X�Q�G�D�Q�W��
�D�Q�G���H�D�V�L�O�\���D�F�F�H�V�V�L�E�O�H���S�R�R�O���R�I���0�6�&�V�����=�X�N��et al., 2002; Zuk 
et al.�������������������:�H���K�D�Y�H���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���E�R�W�K���E�0�6�&�V���D�Q�G��
aMSCs underwent chondrogenic differentiation in vitro 
and in vivo�����D�O�W�K�R�X�J�K���P�D�W�U�L�[���S�U�R�G�X�F�W�L�R�Q���Z�D�V���O�H�V�V���W�K�D�Q���L�Q��
constructs containing chondrocytes (ACs, NCs or ECs). 

�&�R�Q�V�W�U�X�F�W�V���F�R�Q�W�D�L�Q�L�Q�J���E�0�6�&�V���K�D�G���D���K�L�J�K�H�U���F�K�R�Q�G�U�R�J�H�Q�L�F��
�S�R�W�H�Q�W�L�D�O�� �W�K�D�Q�� �D�0�6�&�V���� �G�H�P�R�Q�V�W�U�D�W�H�G�� �E�\�� �D�Q�� �L�Q�F�U�H�D�V�H�G��
ACAN and COL2A1 �J�H�Q�H���H�[�S�U�H�V�V�L�R�Q�� �D�Q�G�� �D�Q�� �L�P�S�U�R�Y�H�G��
�*�$�*���G�H�S�R�V�L�W�L�R�Q�����:�L�W�K���W�K�H���H�[�F�H�S�W�L�R�Q���R�I���D���I�H�Z���V�W�X�G�L�H�V�����'�H��
Ugarte et al.���� ������������ �,�]�D�G�S�D�Q�D�K��et al., 2006; Kern et al., 
2006; Lee et al.�������������������W�K�L�V���F�R�Q�¿�U�P�V���R�W�K�H�U���V�W�X�G�L�H�V�����$�¿�]�D�K 
et al., 2007; Huang et al., 2005; Im et al., 2005; Liu et al., 
2007; Mehlhorn et al., 2006; Noel et al.�����������������5�H�E�H�O�D�W�W�R��
et al.���� ������������ �5�L�G�H�U��et al., 2008; Sakaguchi et al., 2005; 
Segawa et al., 2009; Winter et al., 2003). Nevertheless, 
the assumptions that MSCs are fundamentally less 
�F�K�R�Q�G�U�R�J�H�Q�L�F�� �W�K�D�Q�� �F�K�R�Q�G�U�R�F�\�W�H�V���� �D�Q�G�� �W�K�D�W�� �E�0�6�&�V�� �D�U�H��
more in favour for cartilage regeneration than aMSCs, 
�V�H�H�P�V�� �X�Q�M�X�V�W�L�¿�H�G���� �,�W���D�S�S�H�D�U�V�� �W�K�D�W���F�H�O�O���F�X�O�W�X�U�H���F�R�Q�G�L�W�L�R�Q�V��
�I�R�U���E�R�W�K���E�0�6�&�V���D�Q�G���D�0�6�&�V���U�H�P�D�L�Q���W�R���E�H���L�P�S�U�R�Y�H�G�����)�R�U��
�L�Q�V�W�D�Q�F�H�����L�W���Z�D�V���I�R�X�Q�G���W�K�D�W���D�Q�R�W�K�H�U���P�H�P�E�H�U���R�I���W�K�H���7�*�)����
�V�X�S�H�U�I�D�P�L�O�\�����E�R�Q�H���P�R�U�S�K�R�J�H�Q�H�W�L�F���S�U�R�W�H�L�Q���������L�V���R�E�O�L�J�D�W�R�U�\��
to improve chondrogenic differentiation in aMSCs (Estes 
et al., 2010).
	 �)�L�Q�D�O�O�\���� �L�Q�� �R�U�G�H�U�� �W�R�� �X�Q�G�H�U�V�W�D�Q�G�� �K�R�Z�� �W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q��
�D�Q�G�� �F�R�P�S�R�V�L�W�L�R�Q�� �R�I�� �P�D�W�U�L�[�� �F�R�P�S�R�Q�H�Q�W�V�� �U�H�V�X�O�W�H�G��
�L�Q�� �D�� �P�H�F�K�D�Q�L�F�D�O�O�\�� �I�X�Q�F�W�L�R�Q�D�O�� �F�D�U�W�L�O�D�J�H�� �P�D�W�U�L�[���� �W�K�H��
�F�R�P�S�R�V�L�W�L�R�Q�D�O���E�L�R�P�H�F�K�D�Q�L�F�D�O���U�H�O�D�W�L�R�Q�V�K�L�S���R�I���W�K�H���F�D�U�W�L�O�D�J�H��
constructs was evaluated. After in vivo implantation, 
mechanical properties increased in constructs containing 
ECs and NCs. Only for constructs containing NCs, 
�P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W�V���Z�H�U�H���V�L�J�Q�L�¿�F�D�Q�W�O�\���F�R�U�U�H�O�D�W�H�G���W�R���W�K�H�L�U��
�E�L�R�P�H�F�K�D�Q�L�F�D�O���I�X�Q�F�W�L�R�Q�D�O�L�W�\�����,�W���L�V���D�O�U�H�D�G�\���N�Q�R�Z�Q���W�K�D�W���*�$�*�V��
�D�Q�G���F�R�O�O�D�J�H�Q�V�����W�K�H���P�D�L�Q���F�R�P�S�R�Q�H�Q�W�V���R�I���W�K�H���(�&�0�����D�U�H���E�R�W�K��
�D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �E�L�R�P�H�F�K�D�Q�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �Q�D�W�L�Y�H��
cartilage: (1) the negatively charged GAGs provide an 
osmotic pressure within the tissue; and (2) the architecture 
of the collagen network captures the GAGs and prevents 
them from leaking out of the tissue (Han et al., 2011). In 
�F�R�Q�W�U�D�V�W�����W�K�H���H�O�D�V�W�L�F���¿�E�U�H���Q�H�W�Z�R�U�N���L�Q���F�R�Q�V�W�U�X�F�W�V���F�R�Q�W�D�L�Q�L�Q�J��
�(�&�V���P�L�J�K�W���K�D�Y�H���L�Q�À�X�H�Q�F�H�G���W�K�H���E�L�R�P�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V��
in vivo���D�V���Z�H�O�O�����D�O�W�K�R�X�J�K���W�K�H���H�[�D�F�W���F�R�Q�W�U�L�E�X�W�L�R�Q���R�I���H�O�D�V�W�L�Q��
to mechanical functionality is not yet fully understood. 
�%�H�V�L�G�H�V���W�K�H���H�[�L�V�W�H�Q�F�H���R�I���P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W�V�����W�K�H���T�X�D�O�L�W�\��
�R�I�� �W�K�H�� �P�D�W�U�L�[�� �L�V�� �Q�R�W�� �R�Q�O�\�� �G�H�W�H�U�P�L�Q�H�G�� �E�\�� �W�K�H�� �D�P�R�X�Q�W�� �R�I��
�P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W�V���G�H�S�R�V�L�W�H�G�����E�X�W���D�O�V�R���L�Q�À�X�H�Q�F�H�G���E�\���W�K�H��
�Q�X�P�E�H�U�� �R�I�� �F�U�R�V�V���O�L�Q�N�V�� �E�H�W�Z�H�H�Q�� �P�D�W�U�L�[�� �P�R�O�H�F�X�O�H�V�� ���L���H����
�F�R�O�O�D�J�H�Q�� �F�U�R�V�V���O�L�Q�N�V���� ���%�D�V�W�L�D�D�Q�V�H�Q���-�H�Q�Q�L�V�N�H�Q�V��et al., 
���������D������ �7�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �P�D�W�U�L�[�� �F�R�P�S�R�Q�H�Q�W�V�� �L�Q�� �W�K�H��
�(�&�0�� �Z�D�V�� �F�O�H�D�U�O�\�� �G�L�I�I�H�U�H�Q�W�� �E�H�W�Z�H�H�Q�� �F�H�O�O�� �V�R�X�U�F�H�V���� �(�&�V��
�G�H�S�R�V�L�W�H�G���P�R�V�W���P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W�V���S�H�U�L�F�H�O�O�X�O�D�U�O�\�����Z�K�H�U�H�D�V��
�1�&�V�� �G�H�S�R�V�L�W�H�G�� �W�K�H�V�H�� �P�D�W�U�L�[�� �F�R�P�S�R�Q�H�Q�W�V�� �K�R�P�R�J�H�Q�R�X�V�O�\��
�W�K�U�R�X�J�K�R�X�W���W�K�H�L�U���P�D�W�U�L�[�����Z�K�L�F�K���Z�D�V���F�O�H�D�U�O�\���Y�L�V�L�E�O�H���R�Q���W�K�H��
immunohistochemical collagen type II staining. It is well 
�N�Q�R�Z�Q���W�K�D�W���D���K�H�W�H�U�R�J�H�Q�H�R�X�V�O�\���G�L�V�W�U�L�E�X�W�H�G���P�D�W�U�L�[���D�O�W�H�U�V���W�K�H��
�E�L�R�P�H�F�K�D�Q�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �W�K�H�� �P�D�W�U�L�[���� �D�V�� �W�K�H�� �S�K�\�V�L�F�D�O��
�S�U�R�S�H�U�W�L�H�V���D�U�H���G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���Z�H�D�N�H�V�W���S�R�L�Q�W���L�Q���W�K�H���P�D�W�U�L�[��
(Mow and Guo, 2002).
	 The present study has certain limitations. Firstly, cell 
�G�H�Q�V�L�W�\���S�O�D�\�V���D���F�U�L�W�L�F�D�O���U�R�O�H���L�Q���I�X�Q�F�W�L�R�Q�D�O���D�Q�G���V�W�D�E�O�H���F�D�U�W�L�O�D�J�H��
formation. Others have demonstrated that cell densities 
greater than 20 �[ 106���F�H�O�O�V���S�H�U���P�/���D�U�H���G�H�V�L�U�D�E�O�H�����Z�K�L�O�H���O�R�Z��
cell densities resulted in decreased cartilage formation 
���3�X�H�O�D�F�K�H�U��et al.�������������������7�K�H�U�H�I�R�U�H�����D���S�R�W�H�Q�W�L�D�O���G�U�D�Z�E�D�F�N��
of our study is that we only could use a cell-seeding 
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density of 4 �[ 106���F�H�O�O�V���S�H�U���P�/���R�I���D�O�J�L�Q�D�W�H�����V�L�Q�F�H���W�K�H���V�L�]�H��
�R�I���R�X�U���H�[�S�H�U�L�P�H�Q�W�D�O���V�H�W���X�S���G�L�G���Q�R�W���H�Q�D�E�O�H���K�L�J�K�H�U���G�H�Q�V�L�W�L�H�V����
�6�H�F�R�Q�G�O�\�����D�V���P�H�Q�W�L�R�Q�H�G���E�H�I�R�U�H�����Z�H���K�D�Y�H���F�X�O�W�X�U�H���H�[�S�D�Q�G�H�G��
�D�O�O���F�H�O�O�V���X�Q�W�L�O���S�D�V�V�D�J�H���I�R�X�U���W�R���R�E�W�D�L�Q���D���V�X�I�¿�F�L�H�Q�W���Q�X�P�E�H�U��
�R�I���F�H�O�O�V�����,�Q���R�U�G�H�U���W�R���E�H���D�E�O�H���W�R���F�R�P�S�D�U�H���D�O�O���G�L�I�I�H�U�H�Q�W���F�H�O�O��
sources, we have used standardised protocols for the culture 
�H�[�S�D�Q�V�L�R�Q���R�I���E�R�W�K���F�K�R�Q�G�U�R�F�\�W�H�V���D�Q�G���0�6�&�V�����'�L�I�I�H�U�H�Q�F�H�V���L�Q��
�H�[�S�D�Q�V�L�R�Q���U�D�W�H�V���E�H�W�Z�H�H�Q���W�K�H���G�L�I�I�H�U�H�Q�W���F�H�O�O�V���Z�H�U�H���R�E�Y�L�R�X�V����
�:�K�L�O�H�� �F�X�O�W�X�U�H�� �H�[�S�D�Q�V�L�R�Q�� �L�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �F�K�R�Q�G�U�R�F�\�W�H��
dedifferentiation and replicative cell senescence, the 
�H�Q�I�R�U�F�H�P�H�Q�W�� �R�I�� �S�R�S�X�O�D�W�L�R�Q�� �G�R�X�E�O�L�Q�J�V�� �L�Q�V�W�H�D�G�� �R�I�� �F�X�O�W�X�U�H��
�S�D�V�V�D�J�H�V�� �P�L�J�K�W�� �K�D�Y�H�� �E�H�H�Q�� �P�R�U�H�� �D�S�S�U�R�S�U�L�D�W�H���� �V�L�Q�F�H��
�S�R�S�X�O�D�W�L�R�Q���G�R�X�E�O�L�Q�J�V���P�R�U�H���D�F�F�X�U�D�W�H�O�\���U�H�À�H�F�W���F�H�O�O���J�U�R�Z�W�K��
and thus cell aging. However, since nasal chondrocytes had 
�P�R�V�W���G�R�X�E�O�L�Q�J�V���L�Q���I�R�X�U���S�D�V�V�D�J�H�V���E�X�W���V�W�L�O�O���S�U�R�G�X�F�H�G���P�R�V�W��
�F�D�U�W�L�O�D�J�H���� �D�� �G�L�U�H�F�W�� �O�L�Q�N�� �E�H�W�Z�H�H�Q�� �G�R�X�E�O�L�Q�J�V�� �D�Q�G�� �F�D�U�W�L�O�D�J�H��
formation seems unlikely. How all the parameters such 
�D�V���Q�X�P�E�H�U���R�I���G�R�X�E�O�L�Q�J�V�����H�[�S�D�Q�V�L�R�Q���V�S�H�H�G�����L�Q�L�W�L�D�O���V�H�H�G�L�Q�J��
density, growth factors present in the medium or produced 
�E�\���W�K�H���F�H�O�O�V���W�K�H�P�V�H�O�Y�H�V���H�[�D�F�W�O�\���G�H�W�H�U�P�L�Q�H���G�H�G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q��
�D�Q�G�� �S�R�V�V�L�E�O�H�� �O�R�V�V�� �R�I�� �F�K�R�Q�G�U�R�J�H�Q�L�F�� �F�D�S�D�F�L�W�\�� �G�X�U�L�Q�J��
�P�R�Q�R�O�D�\�H�U�� �H�[�S�D�Q�V�L�R�Q�� �U�H�P�D�L�Q�V�� �W�R�� �E�H�� �H�O�X�F�L�G�D�W�H�G���� �)�L�Q�D�O�O�\����
we have demonstrated large donor variation in constructs 
�F�R�Q�W�D�L�Q�L�Q�J���$�&�V���R�U���E�0�6�&�V�����1�H�Y�H�U�W�K�H�O�H�V�V���W�K�H�V�H���G�L�I�I�H�U�H�Q�F�H�V��
�Z�H�U�H�� �Q�R�W�� �E�D�V�H�G�� �R�Q�� �D�� �G�R�Q�R�U���D�J�H�� �H�I�I�H�F�W�� �Q�R�U�� �H�[�S�O�D�L�Q�H�G��
�E�\�� �W�K�H�� �X�V�H�� �R�I�� �K�H�D�O�W�K�\��versus diseased ACs. Moreover, 
donors for nasal cartilage appeared younger than other 
�V�R�X�U�F�H�V���� �$�O�W�K�R�X�J�K�� �W�K�H�U�H�� �L�V�� �D�� �S�R�V�V�L�E�L�O�L�W�\�� �W�K�D�W�� �W�K�H�� �G�R�Q�R�U��
�D�J�H�� �K�D�V�� �L�Q�À�X�H�Q�F�H�G�� �W�K�H�� �J�H�Q�H�U�D�O�� �R�X�W�F�R�P�H�� �R�I�� �R�X�U�� �V�W�X�G�\����
improved chondrogenic and proliferative capacity of nasal 
�F�K�R�Q�G�U�R�F�\�W�H�V�� �Z�D�V�� �D�O�V�R�� �V�W�D�W�H�G�� �E�\�� �R�W�K�H�U�V�� �L�Q�� �W�K�H�� �O�L�W�H�U�D�W�X�U�H��
���.�D�¿�H�Q�D�K��et al., 2002; Naumann et al., 2004; Tay et al., 
2004).
	 �,�Q���V�X�P�P�D�U�\�����Z�H���K�D�Y�H���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���F�D�U�W�L�O�D�J�H���P�D�W�U�L�[��
formation and functionality are cell source dependent. 
Articular chondrocytes possess the highest chondrogenic 
capacity in vitro, while ear and nasal chondrocytes are 
�P�R�V�W���S�R�W�H�Q�W���I�R�U���F�D�U�W�L�O�D�J�H���U�H�J�H�Q�H�U�D�W�L�R�Q���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V��
implantation, making ear and nasal chondrocytes attractive 
�F�H�O�O�� �V�R�X�U�F�H�V�� �I�R�U�� �I�X�W�X�U�H�� �F�H�O�O���E�D�V�H�G�� �F�D�U�W�L�O�D�J�H�� �U�H�S�D�L�U���� �2�Q�O�\��
for constructs containing nasal chondrocytes, GAG and 
�F�R�O�O�D�J�H�Q�� �F�R�Q�W�H�Q�W�� �Z�H�U�H�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �E�L�R�P�H�F�K�D�Q�L�F�D�O��
functionality of the constructs, indicating the differences 
�L�Q���P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W���D�V�V�H�P�E�O�\���E�\���G�L�I�I�H�U�H�Q�W���F�H�O�O���V�R�X�U�F�H�V����
�7�K�H���L�Q�D�E�L�O�L�W�\���R�I���D�U�W�L�F�X�O�D�U���F�K�R�Q�G�U�R�F�\�W�H�V���W�R���L�Q�F�U�H�D�V�H���F�D�U�W�L�O�D�J�H��
�P�D�W�U�L�[��in vivo�� �P�D�\�� �E�H�� �G�X�H�� �W�R�� �D�� �O�R�V�V�� �R�I�� �F�K�R�Q�G�U�R�J�H�Q�L�F��
�F�D�S�D�F�L�W�\���L�Q���W�K�H���D�E�V�H�Q�F�H���R�I���P�H�F�K�D�Q�L�F�D�O���O�R�D�G�L�Q�J���R�U���J�U�R�Z�W�K��
factor stimulation. Although mesenchymal stem cells are 
considered as a promising cell source for the reconstruction 
of cartilage defects, it appears that improvements in cell 
�F�X�O�W�X�U�H�� �F�R�Q�G�L�W�L�R�Q�V�� �I�R�U�� �E�R�W�K�� �E�R�Q�H���P�D�U�U�R�Z���G�H�U�L�Y�H�G�� �D�Q�G��
adipose tissue-derived mesenchymal stem cells are needed.
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Discussion with Reviewers

Reviewer I:���7�K�H���D�X�W�K�R�U�V���L�P�S�O�\���W�K�D�W���D�O�J�L�Q�D�W�H���P�L�J�K�W���E�H���D��
�J�R�R�G���F�D�U�U�L�H�U���E�H�F�D�X�V�H���H�Q�F�D�S�V�X�O�D�W�H�G���0�6�&�V���V�K�R�Z���G�L�P�L�Q�L�V�K�H�G��
hypertrophy. However, could the mechanical properties 
�R�I���D���F�H�O�O���D�O�J�L�Q�D�W�H���K�\�E�U�L�G���H�Y�H�U���E�H���V�W�U�R�Q�J���H�Q�R�X�J�K���D�Q�G���L�I���W�K�H��
�D�O�J�L�Q�D�W�H���Z�H�U�H���J�R�Q�H�����Z�R�X�O�G���W�K�H���V�W�D�E�L�O�L�V�L�Q�J���H�I�I�H�F�W���E�H���O�R�V�W�"
Authors:  We would like to emphasise that alginate did 
�Q�R�W���V�H�H�P���W�R���L�Q�K�L�E�L�W���K�\�S�H�U�W�U�R�S�K�L�F���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���R�I���E�0�6�&�V��
in vitro ���D�O�J�L�Q�D�W�H�� �F�R�Q�V�W�U�X�F�W�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �E�0�6�&�V�� �K�L�J�K�O�\��
�H�[�S�U�H�V�V�H�G���K�\�S�H�U�W�U�R�S�K�L�F���P�D�U�N�H�U�V���V�X�F�K���D�V��COL10 and ALP 
after 2 and 5 weeks of in vitro culture). In our opinion, 
alginate prevented vascular ingrowth, which resulted in 
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�W�K�H���D�E�V�H�Q�F�H���R�I���E�R�Q�H���I�R�U�P�D�W�L�R�Q�������Z�H�H�N�V���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V��
implantation.
	 �:�H�� �D�J�U�H�H�� �Z�L�W�K�� �W�K�H�� �U�H�Y�L�H�Z�H�U�� �W�K�D�W�� �W�K�H�� �E�L�R�P�H�F�K�D�Q�L�F�D�O��
properties of the alginate used were low and inferior 
to that of native cartilages (e.g. ear cartilage: E�H�T 
3.3 ± 1.3 �0�3�D�����1�L�P�H�V�N�H�U�Q��et al., 2013); articular cartilage: 
E�H�T 10.9 ± 5.0  �0�3�D�� ���5�L�F�K�D�U�G��et al., 2013)). However, 
�D�O�J�L�Q�D�W�H���Z�D�V���F�K�R�V�H�Q���V�L�Q�F�H���L�W���L�V���E�H�L�Q�J���X�V�H�G���D�V���D���F�H�O�O���F�D�U�U�L�H�U��
�I�R�U�� �F�O�L�Q�L�F�D�O�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �L�Q�� �F�H�O�O���E�D�V�H�G�� �F�D�U�W�L�O�D�J�H�� �U�H�S�D�L�U��
���$�O�P�T�Y�L�V�W��et al., 2009; Selmi et al., 2008). Injected 
�L�Q�W�R�� �D�� �P�H�F�K�D�Q�L�F�D�O�O�\�� �V�W�D�E�O�H�� �V�F�D�I�I�R�O�G���� �D�O�J�L�Q�D�W�H�� �H�Q�D�E�O�H�V�� �D��
�K�R�P�R�J�H�Q�H�R�X�V���F�H�O�O���G�L�V�W�U�L�E�X�W�L�R�Q���L�Q�W�R���D���P�H�F�K�D�Q�L�F�D�O�O�\���V�W�D�E�O�H��
�H�Q�Y�L�U�R�Q�P�H�Q�W�����0�R�U�H�R�Y�H�U�����L�W���S�U�H�Y�H�Q�W�V���F�H�O�O�V���I�U�R�P���À�R�D�W�L�Q�J���R�X�W��
�Z�K�L�O�H���S�H�U�P�L�W�W�L�Q�J���Q�X�W�U�L�H�Q�W���G�L�I�I�X�V�L�R�Q���D�Q�G���R�[�\�J�H�Q���W�U�D�Q�V�I�H�U���W�R��
�W�K�H���H�Q�F�D�S�V�X�O�D�W�H�G���F�H�O�O�V���D�Q�G���W�K�H�U�H�E�\���S�U�R�P�R�W�H�V���W�K�H���V�\�Q�W�K�H�V�L�V��
�R�I���F�D�U�W�L�O�D�J�H���V�S�H�F�L�¿�F���P�D�W�U�L�[���F�R�P�S�R�Q�H�Q�W�V�����V�X�F�K���D�V���*�$�*�V���D�Q�G��
collagen type II (Hauselmann et al., 1992). Therefore, in 
�R�X�U���R�S�L�Q�L�R�Q�����D�O�J�L�Q�D�W�H���L�Q�M�H�F�W�H�G���L�Q�W�R���D���P�H�F�K�D�Q�L�F�D�O�O�\���V�W�D�E�O�H��
�V�F�D�I�I�R�O�G�� �F�R�X�O�G�� �E�H�� �D�Q�� �H�[�F�H�O�O�H�Q�W�� �W�K�H�U�D�S�\�� �I�R�U�� �F�H�O�O���E�D�V�H�G��
cartilage repair. By the time alginate is completely gone 
(which will depend on the type of alginate and can take 
�P�R�Q�W�K�V�������Z�H���K�R�S�H���W�K�H���F�D�U�W�L�O�D�J�H���I�R�U�P�H�G���L�V���P�D�W�X�U�H���D�Q�G���V�W�D�E�O�H��
�D�Q�G���Z�L�O�O���Q�R�W���X�Q�G�H�U�J�R���H�Q�G�R�F�K�R�Q�G�U�D�O���R�V�V�L�¿�F�D�W�L�R�Q���D�Q�\�P�R�U�H����
�+�R�Z�H�Y�H�U�����W�K�L�V���U�H�P�D�L�Q�V���W�R���E�H���H�Y�D�O�X�D�W�H�G���Z�L�W�K���O�R�Q�J���W�H�U�P��in 
vivo���H�[�S�H�U�L�P�H�Q�W�V��

Reviewer I: What does it mean when large areas are 
negative for vimentin in Fig. 3E? Are some of the cells of 
�K�R�V�W���R�U�L�J�L�Q���R�U���L�V���Y�L�P�H�Q�W�L�Q���H�[�S�U�H�V�V�L�R�Q���Y�H�U�\���Y�D�U�L�D�E�O�H�"
Authors: ���9�L�P�H�Q�W�L�Q�V�� �D�U�H�� �F�O�D�V�V���,�,�,�� �L�Q�W�H�U�P�H�G�L�D�W�H�� �¿�O�D�P�H�Q�W�V��
�D�Q�G���S�U�L�P�D�U�L�O�\���H�[�S�U�H�V�V�H�G���L�Q���F�H�O�O�V���R�I���P�H�V�H�Q�F�K�\�P�D�O���R�U�L�J�L�Q����
Vimentins are attached to the nucleus, endoplasmic 
reticulum, and mitochondria. Strong positivity for the 
�Y�L�P�H�Q�W�L�Q���D�Q�W�L�E�R�G�\���L�V���W�K�H�U�H�I�R�U�H���G�H�P�R�Q�V�W�U�D�W�H�G���E�\���D���E�U�R�Z�Q��
staining of the cell nucleus and cytoplasm. In our positive 
control of human cartilage, all cells were positive. The 
large area negative for vimentin is in our opinion the 
�H�[�W�U�D�F�H�O�O�X�O�D�U���P�D�W�U�L�[�����E�X�W���Z�H���D�J�U�H�H���Z�L�W�K���W�K�H���U�H�Y�L�H�Z�H�U���W�K�D�W��
�V�R�P�H���E�D�F�N�J�U�R�X�Q�G���V�W�D�L�Q���Z�D�V���Y�L�V�L�E�O�H��

Reviewer I: The influence of alginate on construct 
�µ�R�V�V�L�¿�F�D�W�L�R�Q�¶���V�K�R�X�O�G���E�H���T�X�H�V�W�L�R�Q�H�G��
Authors:  We have demonstrated that cell-free alginate 
constructs did mineralise in vivo�����Z�K�L�F�K���Z�D�V���D�Q���X�Q�H�[�S�H�F�W�H�G��
�I�L�Q�G�L�Q�J�� �D�Q�G�� �R�E�Y�L�R�X�V�O�\�� �Q�R�W�� �U�H�O�D�W�H�G�� �W�R�� �K�\�S�H�U�W�U�R�S�K�L�F��
�G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���� �,�W�� �V�H�H�P�H�G�� �W�K�D�W�� �O�H�V�V�� �P�H�W�D�E�R�O�L�F�D�O�O�\�� �D�F�W�L�Y�H��
(meaning the colour of the culture medium was neutral 
to alkaline) alginate constructs were likely to mineralise 
in vivo���� �7�K�L�V�� �L�V�� �R�E�Y�L�R�X�V�O�\�� �D�� �W�\�S�L�F�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�� �R�I��
�D�O�J�L�Q�D�W�H�� �L�W�V�H�O�I�� �D�Q�G�� �L�W�� �Y�H�U�\�� �Y�D�O�X�D�E�O�H�� �W�R�� �N�Q�R�Z�� �V�L�Q�F�H��
�D�O�J�L�Q�D�W�H���L�V���D�F�W�X�D�O�O�\���E�H�L�Q�J���X�V�H�G���L�Q�����H�[�S�H�U�L�P�H�Q�W�D�O�����F�O�L�Q�L�F�D�O��
applications. Furthermore, cell-alginate constructs 
�H�[�S�U�H�V�V�L�Q�J���K�\�S�H�U�W�U�R�S�K�L�F���J�H�Q�H�V��in vitro�����Q�H�Y�H�U���F�D�O�F�L�¿�H�G���Q�R�U��
�I�R�U�P�H�G�� �E�R�Q�H��in vivo. This is a very promising outcome 
�D�Q�G���L�Q�G�L�F�D�W�H�V���D���S�R�V�V�L�E�O�H���E�H�Q�H�¿�W���I�R�U���W�K�H���X�V�H���R�I���D�O�J�L�Q�D�W�H���D�V��
a cell-carrier for cartilage reconstruction.

Reviewer II: Unlike previous studies from the authors 
using MSCs seeded onto collagen scaffolds or in pellets, 
MSC-alginate constructs did not undergo endochondral 

�R�V�V�L�¿�F�D�W�L�R�Q��in vivo. Can the authors speculate as to why 
�W�K�H�\���E�H�O�L�H�Y�H���W�K�L�V���W�R���E�H���W�K�H���F�D�V�H�"
Authors:  In our opinion, endochondral ossification 
�U�H�T�X�L�U�H�V�� ������ �S�U�R�S�H�U�� �F�K�R�Q�G�U�R�J�H�Q�L�F�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���� ������
�K�\�S�H�U�W�U�R�S�K�L�F���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���� �D�Q�G�������� �D���P�D�W�U�L�[�� �W�K�D�W���D�O�O�R�Z�V��
vessel ingrowth. We demonstrated that after chondrogenic 
�L�Q�G�X�F�W�L�R�Q�� ���Z�L�W�K�� �7�*�)���������� �D�O�J�L�Q�D�W�H�� �F�R�Q�V�W�U�X�F�W�V�� �F�R�Q�W�D�L�Q�L�Q�J��
�E�R�Q�H���P�D�U�U�R�Z���G�H�U�L�Y�H�G���0�6�&�V�����E�0�6�&�V���� �F�K�R�Q�G�U�R�J�H�Q�L�F�D�O�O�\��
�G�L�I�I�H�U�H�Q�W�L�D�W�H�G���D�Q�G���H�[�S�U�H�V�V�H�G���K�\�S�H�U�W�U�R�S�K�L�F���P�D�U�N�H�U�V��in vitro, 
�E�X�W�� �G�L�G�� �Q�R�W�� �I�R�U�P�� �E�R�Q�H�� �D�I�W�H�U�� �V�X�E�F�X�W�D�Q�H�R�X�V�� �L�P�S�O�D�Q�W�D�W�L�R�Q����
�7�K�H�U�H�I�R�U�H���� �Z�H�� �E�H�O�L�H�Y�H�� �W�K�D�W�� �D�O�J�L�Q�D�W�H�� �G�L�G�� �Q�R�W�� �Q�H�F�H�V�V�D�U�L�O�\��
�L�Q�K�L�E�L�W�� �K�\�S�H�U�W�U�R�S�K�L�F�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�� �R�I�� �E�0�6�&�V���� �E�X�W��
�S�U�H�Y�H�Q�W�H�G���Y�H�V�V�H�O���L�Q�J�U�R�Z�W�K���D�Q�G���V�X�E�V�H�T�X�H�Q�W���E�R�Q�H���I�R�U�P�D�W�L�R�Q��
	 �9�H�V�V�H�O���L�Q�J�U�R�Z�W�K���L�V���H�[�W�U�H�P�H�O�\���L�P�S�R�U�W�D�Q�W���I�R�U���H�Q�G�R�F�K�R�Q�G�U�D�O��
�R�V�V�L�¿�F�D�W�L�R�Q�����$�Q�J�L�R�J�H�Q�H�V�L�V�� �L�Q�� �D�O�J�L�Q�D�W�H�� �L�V�� �X�Q�O�L�N�H�O�\�� �V�L�Q�F�H��
�Y�H�V�V�H�O�V���D�U�H���X�Q�D�E�O�H���W�R���L�Q�Y�D�G�H���L�W�����$�O�W�K�R�X�J�K�����D�O�J�L�Q�D�W�H���D�Q�G���R�W�K�H�U��
�K�\�G�U�R�J�H�O�V���K�D�Y�H���E�H�H�Q���X�V�H�G���I�R�U���U�H�V�H�D�U�F�K���R�Q���E�R�Q�H���U�H�J�H�Q�H�U�D�W�L�R�Q��
���3�D�U�N���� �������������� �P�R�G�L�¿�F�D�W�L�R�Q�� �R�I�� �K�\�G�U�R�J�H�O�V�� �Z�L�W�K�� �E�L�R�D�F�W�L�Y�H��
�P�R�O�H�F�X�O�H�V�� ���H���J���� �5�*�'�V���� �V�H�H�P�H�G�� �L�P�S�R�U�W�D�Q�W�� �D�O�O�R�Z�L�Q�J�� �F�H�O�O��
�D�W�W�D�F�K�P�H�Q�W���D�Q�G���W�K�H�U�H�E�\���Y�H�V�V�H�O���L�Q�J�U�R�Z�W�K��
	 �7�R�� �F�R�Q�F�O�X�G�H���� �Z�H�� �E�H�O�L�H�Y�H�� �W�K�D�W�� �D�O�J�L�Q�D�W�H�� �G�L�I�I�H�U�V�� �I�U�R�P��
�S�H�O�O�H�W�V�� �R�U�� �F�R�O�O�D�J�H�Q�� �V�F�D�I�I�R�O�G�V�� �E�\�� �S�U�H�Y�H�Q�W�L�Q�J�� �Y�D�V�F�X�O�D�U��
�L�Q�J�U�R�Z�W�K�����W�K�X�V���U�H�V�X�O�W�L�Q�J���L�Q���W�K�H���D�E�V�H�Q�F�H���R�I���E�R�Q�H���I�R�U�P�D�W�L�R�Q��
�����Z�H�H�N�V���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V���L�P�S�O�D�Q�W�D�W�L�R�Q��

Reviewer II:���:�K�\���G�R���W�K�H���D�X�W�K�R�U�V���E�H�O�L�H�Y�H���W�K�D�W���W�K�H�\���V�D�Z���Q�R��
difference in tissue mechanical properties in vitro despite 
�G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �(�&�0�� �D�F�F�X�P�X�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �W�K�H�� �G�L�I�I�H�U�H�Q�W��
groups?
Authors: ���(�[�W�U�D�F�H�O�O�X�O�D�U���P�D�W�U�L�[���I�R�U�P�D�W�L�R�Q�����D�Q�G���L�Q���S�D�U�W�L�F�X�O�D�U��
collagen network formation, is a slow process in vitro. 
�:�H�� �K�D�Y�H�� �V�K�R�Z�Q�� �E�H�I�R�U�H�� �W�K�D�W�� �W�K�H�� �P�H�F�K�D�Q�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V��
�R�I�� �W�K�H���P�D�W�U�L�[�� �D�U�H���Q�R�W���R�Q�O�\�� �G�H�W�H�U�P�L�Q�H�G���E�\�� �W�K�H���D�P�R�X�Q�W���R�I��
�P�D�W�U�L�[�� �F�R�P�S�R�Q�H�Q�W�V�� �G�H�S�R�V�L�W�H�G���� �E�X�W�� �D�O�V�R�� �L�Q�I�O�X�H�Q�F�H�G�� �E�\��
�W�K�H�� �F�U�R�V�V���O�L�Q�N�V�� �E�H�W�Z�H�H�Q�� �P�D�W�U�L�[�� �P�R�O�H�F�X�O�H�V�� ���L���H���� �F�R�O�O�D�J�H�Q��
�F�U�R�V�V���O�L�Q�N�V���� ���%�D�V�W�L�D�D�Q�V�H�Q���-�H�Q�Q�L�V�N�H�Q�V��et al.���� ���������E������
�0�R�U�H�R�Y�H�U���� �W�K�H�� �D�G�G�L�W�L�R�Q�� �R�I�� �7�*�)���� �W�R�� �F�K�R�Q�G�U�R�F�\�W�H�V�� �K�D�V��
�S�U�H�Y�L�R�X�V�O�\�� �E�H�H�Q�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�R�� �U�H�V�X�O�W�� �L�Q�� �O�H�V�V�� �F�R�O�O�D�J�H�Q��
cross-links in alginate, although it induced collagen 
�F�U�R�V�V���O�L�Q�N�V���L�Q���P�R�Q�R�O�D�\�H�U�����%�D�V�W�L�D�D�Q�V�H�Q���-�H�Q�Q�L�V�N�H�Q�V��et al., 
���������D�����-�H�Q�Q�L�V�N�H�Q�V��et al.�������������������7�K�H���R�S�W�L�P�D�O���X�V�H���R�I���7�*�)������
�D�Q�G�� �P�D�\�E�H�� �W�K�H�� �U�H�P�R�Y�D�O�� �R�I�� �L�W���I�R�U�� �D�� �F�H�U�W�D�L�Q�� �S�H�U�L�R�G�� �E�H�I�R�U�H��
�L�P�S�O�D�Q�W�D�W�L�R�Q���� �Z�L�O�O�� �E�H�� �D�Q�� �L�Q�W�H�U�H�V�W�L�Q�J�� �W�R�S�L�F�� �W�R�� �F�R�Q�V�L�G�H�U�� �L�Q��
future research.

Reviewer III: The major issue I have with this study 
�L�V�� �K�R�Z�� �P�H�D�Q�L�Q�J�I�X�O�� �L�W�� �L�V�� �W�R�� �F�X�O�W�X�U�H�� �D�Q�G�� �µ�U�H���G�L�I�I�H�U�H�Q�W�L�D�W�H�¶��
articular chondrocytes as if they were a chondro-progenitor 
population. They’ve already negotiated the chondrogenesis 
process.
Authors:  We had two reasons for the set-up of our current 
�V�W�X�G�\���� ������ �,�W�� �K�D�V�� �E�H�H�Q�� �S�U�H�Y�L�R�X�V�O�\�� �V�K�R�Z�Q�� �W�K�D�W�� �F�X�O�W�X�U�H��
�H�[�S�D�Q�G�H�G���F�K�R�Q�G�U�R�F�\�W�H�V���W�K�D�W���K�D�Y�H���Q�R�W���E�H�H�Q���U�H���G�L�I�I�H�U�H�Q�W�L�D�W�H�G��
in vitro can indeed form cartilage when implanted in vivo. 
Nevertheless, the cartilage formed is not always of good 
�T�X�D�O�L�W�\���D�Q�G���Z�L�O�O���K�L�J�K�O�\���G�H�S�H�Q�G���R�Q���W�K�H���V�F�D�I�I�R�O�G���D�V���Z�H�O�O���D�V��
on the cell density used (Marijnissen et al., 2000). In vitro 
re-differentiation, though not necessarily for 5 weeks, 
�L�P�S�U�R�Y�H�V�� �W�K�L�V���� ������ �2�E�Y�L�R�X�V�O�\���� �L�Q�� �R�U�G�H�U�� �W�R�� �I�R�U�P�� �F�D�U�W�L�O�D�J�H��
in ectopic locations, MSCs need chondrogenic induction 
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in vitro���� �7�R�� �E�H�� �D�E�O�H�� �W�R�� �F�R�P�S�D�U�H�� �E�R�W�K�� �F�K�R�Q�G�U�R�F�\�W�H�V�� �D�Q�G��
�0�6�&�V�����Z�H���G�H�F�L�G�H�G���W�R���H�[�S�R�V�H���D�O�O���F�H�O�O���V�R�X�U�F�H�V���W�R���D�Q���L�G�H�Q�W�L�F�D�O��
chondrogenic culture medium in vitro, that contained 
�7�*�)���������2�X�U���H�[�S�H�U�L�P�H�Q�W�V���Q�L�F�H�O�\���F�R�Q�¿�U�P�H�G���W�K�D�W���F�D�U�W�L�O�D�J�H��
formation was hugely decreased for all cell sources in a 
�V�X�E�F�X�W�D�Q�H�R�X�V���H�Q�Y�L�U�R�Q�P�H�Q�W���Z�K�H�Q���F�X�O�W�X�U�H�G���Z�L�W�K�R�X�W���7�*�)������

Reviewer III:  The other interesting aspects of the study 
�D�U�H���W�K�H���G�L�V�S�D�U�L�W�L�H�V���E�H�W�Z�H�H�Q���W�K�H���P�D�W�U�L�[���S�U�R�W�H�L�Q���G�D�W�D���D�Q�G���W�K�H��
�P�R�G�X�O�X�V�� �Y�D�O�X�H�V���� �D�Q�G�� �E�H�W�Z�H�H�Q�� �W�K�H�� �K�\�S�H�U�W�U�R�S�K�L�F�� �P�D�U�N�H�U��
�H�[�S�U�H�V�V�L�R�Q�� �D�Q�G�� �F�R�Q�V�W�U�X�F�W�� �P�L�Q�H�U�D�O�L�V�D�W�L�R�Q���� �8�Q�I�R�U�W�X�Q�D�W�H�O�\��
these disparities undermine the overall value of the 
manuscript.
Authors: ���7�K�H�U�H���L�V���D���J�R�R�G���S�R�V�V�L�E�L�O�L�W�\���W�K�D�W���W�K�H���E�L�R�F�K�H�P�L�F�D�O��
�G�D�W�D���D�U�H���Q�R�W���G�L�U�H�F�W�O�\���F�R�U�U�H�O�D�W�H�G���W�R���W�K�H���E�L�R�P�H�F�K�D�Q�L�F�D�O���G�D�W�D��
�L�Q���W�K�H�V�H���G�H�Y�H�O�R�S�L�Q�J���F�D�U�W�L�O�D�J�H���F�R�Q�V�W�U�X�F�W�V�����V�L�Q�F�H���W�K�H���T�X�D�O�L�W�\��
�R�I�� �W�K�H�� �P�D�W�U�L�[�� �L�V�� �Q�R�W�� �R�Q�O�\�� �G�H�W�H�U�P�L�Q�H�G�� �E�\�� �W�K�H�� �D�P�R�X�Q�W�� �R�I��
�P�D�W�U�L�[�� �F�R�P�S�R�Q�H�Q�W�V�� �G�H�S�R�V�L�W�H�G���� �E�X�W�� �D�O�V�R�� �L�Q�I�O�X�H�Q�F�H�G�� �E�\��
�W�K�H�� �Q�X�P�E�H�U�� �R�I�� �F�U�R�V�V���O�L�Q�N�V�� �E�H�W�Z�H�H�Q�� �P�D�W�U�L�[�� �P�R�O�H�F�X�O�H�V��
���L���H���� �F�R�O�O�D�J�H�Q�� �F�U�R�V�V���O�L�Q�N�V���� ���%�D�V�W�L�D�D�Q�V�H�Q���-�H�Q�Q�L�V�N�H�Q�V��et 
al.�������������E�������)�X�U�W�K�H�U�P�R�U�H�����Z�H���K�D�Y�H���S�H�U�I�R�U�P�H�G���D���P�X�O�W�L�S�O�H��
regression analysis for all cell sources separately using only 
�*�$�*�� �D�Q�G�� �F�R�O�O�D�J�H�Q�� �G�H�S�R�V�L�W�L�R�Q�� �D�V�� �L�Q�G�H�S�H�Q�G�H�Q�W�� �Y�D�U�L�D�E�O�H�V����
�3�U�H�V�X�P�D�E�O�\���� �R�W�K�H�U�� �F�R�P�S�R�Q�H�Q�W�V�� �V�X�F�K�� �D�V�� �W�K�H�� �H�O�D�V�W�L�F�� �¿�E�U�H��
�Q�H�W�Z�R�U�N���L�Q���F�R�Q�V�W�U�X�F�W�V���F�R�Q�W�D�L�Q�L�Q�J���(�&�V���K�D�Y�H���L�Q�À�X�H�Q�F�H���R�Q��
�W�K�H���E�L�R�P�H�F�K�D�Q�L�F�D�O���S�U�R�S�H�U�W�L�H�V��in vivo as well, although the 
�H�[�D�F�W�� �F�R�Q�W�U�L�E�X�W�L�R�Q�� �R�I�� �W�K�H�V�H�� �F�R�P�S�R�Q�H�Q�W�V�� �W�R�� �P�H�F�K�D�Q�L�F�D�O��
functionality is not fully understood in the literature.
	 �:�H�� �E�H�O�L�H�Y�H�� �W�K�H�� �O�D�F�N�� �R�I�� �F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �W�K�H��
�K�\�S�H�U�W�U�R�S�K�L�F�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�� �D�Q�G�� �V�F�D�I�I�R�O�G�� �F�D�O�F�L�¿�F�D�W�L�R�Q��
is very interesting and important to realise. It teaches 
�X�V�� �V�R�P�H�� �Y�D�O�X�D�E�O�H�� �W�K�L�Q�J�V�� �I�R�U�� �I�X�W�X�U�H�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �)�L�U�V�W�O�\����
we have demonstrated that cell-free alginate constructs 
did mineralise in vivo�����Z�K�L�F�K���Z�D�V���D�Q���X�Q�H�[�S�H�F�W�H�G���¿�Q�G�L�Q�J��
�D�Q�G���R�E�Y�L�R�X�V�O�\���Q�R�W���U�H�O�D�W�H�G���W�R���K�\�S�H�U�W�U�R�S�K�L�F���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q����
�,�W�� �V�H�H�P�H�G�� �W�K�D�W�� �O�H�V�V�� �P�H�W�D�E�R�O�L�F�D�O�O�\�� �D�F�W�L�Y�H�� ���P�H�D�Q�L�Q�J�� �W�K�H��
colour of the culture medium was neutral to alkaline) 
alginate constructs were likely to mineralise in vivo. This 
�L�V�� �R�E�Y�L�R�X�V�O�\�� �D�� �W�\�S�L�F�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�� �R�I�� �D�O�J�L�Q�D�W�H���D�Q�G�� �L�W���L�V��
�Y�H�U�\���Y�D�O�X�D�E�O�H���W�R���N�Q�R�Z���E�H�F�D�X�V�H���D�O�J�L�Q�D�W�H���L�V���D�F�W�X�D�O�O�\���E�H�L�Q�J��
�X�V�L�Q�J���L�Q�����H�[�S�H�U�L�P�H�Q�W�D�O�����F�O�L�Q�L�F�D�O���D�S�S�O�L�F�D�W�L�R�Q�V�����)�X�U�W�K�H�U�P�R�U�H����
�F�H�O�O���D�O�J�L�Q�D�W�H���F�R�Q�V�W�U�X�F�W�V���H�[�S�U�H�V�V�L�Q�J���K�\�S�H�U�W�U�R�S�K�L�F���J�H�Q�H�V��in 
vitro�����Q�H�Y�H�U���F�D�O�F�L�¿�H�G���Q�R�U���I�R�U�P�H�G���E�R�Q�H��in vivo. This is a very 
�S�U�R�P�L�V�L�Q�J���R�X�W�F�R�P�H���D�Q�G���L�Q�G�L�F�D�W�H�V���D���S�R�V�V�L�E�O�H���E�H�Q�H�¿�W���I�R�U���W�K�H��
use of alginate as a cell carrier for cartilage reconstruction.

Reviewer III:  On a practical level, considering the 
�G�R�X�E�O�L�Q�J���W�L�P�H�V�����U�H�W�H�Q�W�L�R�Q���R�I���F�K�R�Q�G�U�R�J�H�Q�L�F���S�R�W�H�Q�W�L�D�O�����D�Q�G��
�W�K�H�� �D�P�R�X�Q�W�� �R�I�� �G�R�Q�R�U�� �W�L�V�V�X�H�� �D�Y�D�L�O�D�E�O�H���� �Z�K�L�F�K�� �V�R�X�U�F�H�� �R�I��

chondrogenic cells do you think is the superior choice for 
clinical applications?
Authors:  At the end of our manuscript we conclude that 
articular chondrocytes possess the highest chondrogenic 
capacity in vitro, while ear and nasal chondrocytes are 
�P�R�V�W���S�R�W�H�Q�W���I�R�U���F�D�U�W�L�O�D�J�H���U�H�J�H�Q�H�U�D�W�L�R�Q���D�I�W�H�U���V�X�E�F�X�W�D�Q�H�R�X�V��
implantation, making them attractive cell sources for future 
�F�H�O�O���E�D�V�H�G���F�D�U�W�L�O�D�J�H���U�H�S�D�L�U��
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