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Dermis-derived cell subpopulation is used to repair mouse calvarial defects   
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Reconstructive Surgery, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of 

Medicine, Shanghai 200011, China) 

 

Abstract 

BACKGROUND: In consideration of skin as the largest organ all over the body and its abundant vessels and 

vessel plexuses, there would be sufficient adult stem cells for tissue engineering.  

OBJECTIVE: To investigate the osteogenic potential of dermis-derived bone morphogenetic protein receptor 

subtype IB (BMPR-IB) positive cells. 

METHODS: In current study, histochemical analysis was adopted to study the localization and expression of 

BMPR-IB

+

 cells in skin. Fresh skin samples were digested into single cell suspension. Then, the surface marker 

BMPR-IB was used to isolate cell subpopulation by magnetic activated cell sorting from freshly prepared single 

cell suspension. After that, the osteogenic potential in vitro and in vivo was tested. Alkaline phosphatase staining 

and alizarin red staining were performed after osteogenic induction in vitro. The BMPR-IB

+

 cells were seeded 

onto coral scaffolds, and the scaffolds were used to repair critical-sized calvarial defects of mice. Histochemical 
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analysis was performed at 6 weeks postoperatively and micro-CT analysis was carried out at 24 weeks postoperatively 

to evaluate the ability of bone repairment.  

RESULTS AND CONCLUSION: We localized BMPR-IB cells in situ by immunohistochemistry that turned out to be 

expressed in the reticular layer of dermis and by single cells. Cell subpopulation which expressed BMPR-IB could be 

sorted by magnetic activated cell sorting. Alkaline phosphatase staining was obviously positive and lots of calcium 

modules were confirmed by alizarin red staining after osteogenic induction, indicating that BMPR-IB

+

 cells had the 

osteogenic potential in vitro. Histochemical analysis demonstrated that plenty of new bone formation was found in 

BMPR-IB

+

 cells group after 6 weeks in vivo. Micro-CT analysis revealed that BMPR-IB

+

 cells-coral scaffold complex 

could repair calvarial defects successfully after 24 weeks in vivo. These results indicated that dermis-derived BMPR-IB

+

 

cells possessed adequate osteogenic potential. Moreover, they might be promising seed cells for bone tissue 

engineering. 

 

Subject headings: Skin; Bone Morphogenetic Protein Receptors, Type I; Skull 
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Figure 1  Coral scaffold 
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Figure 2  Surgical procedures of calvarial defects 

����� A �����������
������� !"�

	 4 mm�#$%&B�����'()�#$%* 

 

A B 



 

�����. ���	
���������� 

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

3070 

www.CRTER.org 

2������Results  

2.1  ��������	
��B���������

���  ¢�����×� â!Ô¾¿qr�Ç�

�( �"�X��� �,-ßà�PëB�ìW`q

r�Ç��G¾¿Î����g"Ï�.�,-ßà�

PëB�ìGi¾\]��(YZi[�Òó^_\

<`a�Ü���,-ßà�PëB�ì��qrÏ#

�G(MN$�¾¿ÄgÙ(%©E���¾¿&ôÙ�

HÏqr��'h()fÂÃDh*(�

��

�3)� 

 

 

 

 

 

 

 

 

 

 

 

 

 

×}~Ï�ó�,-ßà�PëB�ì��qr�h

Ñ¶�+,(T,X×âÏ�¾¿-§¨qr-�hÑ

z@S��î�qr$¤Ï��Ü�,-ßà�PëB�

ì��qrG96 hø��â_Î��./$¤(¢$¤c

�´µê¾¿-§¨qrû�z0(¶X1$¤�d� 

À�ïði���-�2È�D�N��(G-�

·ä7 d`aóÝ°îï G�,-ßà�PëB�ì��

qrÎ'1����(G¾¿-§¨qrÎ'3�����


4��-�5È�D�N��(G·ä28 dóz��

¼í±Ýîï �,-ßà�PëB�ì��qrÎX�

�6±�1
sú(TG¾¿-§¨qrÎû��î

ï �Á�Â`aJ�.J7îï 6±�1sú¹

`
sú(Jg�,-ßà�PëB�ì��qr�¾¿

-§¨qrX��
1-��d(�

��

�4)� 

2.2  �����������  îï�,-ßà�Pë

B�ì��qrGÃÄ$x%$¤<�(ê�Ï�o

¾-§¨qrô]@ (�°�àÃÄW`�à@ (Ê

³¢x%$¤´µ(�

��

�5)�ÉÊìíîï �,-ßà�

PëB�ì��qrR� ÃÄ|}1 dó(qr8á�|

}$��./¢+,�î(R�3 d?7 dÝ°9 qrG

ÃÄ$x%:;($¤&'(�wÏ<Ñµ¶qr�û

�(�

��

�6)� 

2.3   !"�#$%&  G,ó2È=�>�?`��9

@AB�h*�,óCÈ¡�Ñh�	�¬DýEF�P

��±G�H,
� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4  �'()��*+,-  ,ó6D\]ÆÏ�O�x

-?ÂÃ<<����-�Â`a?Masson`a¶�Ü

�,-ßà�PëB�ì��qr\����\]
I

�(Tw�,-ßà�PëB�ì��qr\ÃÄGe

'UH��ñÃÄ\(d�qrR��ÃÄ$Ý°='Ã

Ä|}°J�
�N�(G�,-ßà�PëB�ì�

�qr\(Ý°$ ��KLÏMOx�e\](d

�÷N.�,-(T�ñÃÄ|}\Ox�e\]%©�

��-�Â`a�Ü�,-ßà�PëB�ì��qr

\ú���¯FªOe\]��(�ÜXI�øª?�

ªst� 

�
��G-�â_ÎÏ<MNPrLßàû�(

×*W`Ï��,-x<���^_\<Ï��Ü�ñ

ÃÄ|}\ÎC	-�qr�û��������Ê�

�,-ßà�PëB�ì��qr\�QN�\]ÆÏ�

�Ü�,-ßà�PëB�ì��qr\���RN��

���ñÃÄ|}\� 

ÂÃ<@���\]��®�N(Qe¡�|

}���N���`.�*|}ÂÃ<(�5.�

Ç��CD31#�Ü¢ÂÃÅx<�(CD31�ÂÃø¾

qr��qr�Ç���N�\<Ï��Ü�,-

ßà�PëB�ì��qr\CD31��CCÖ��ñÃ

Ä\(�

��

�7)� 

2.5  .�/012�3�4567micro-CT,-  ,ó

24D(@Aâ�òó¯�ó(×�Pîï?micro-CTÉÊ

Ý$ �,-ßà�PëB�ì��qr\ú����\

]û�����(T�ñÃÄ\Ý$��sS\]ãä

��¯(������� 

×�³Ï�(�,-ßà�PëB�ì��qr\ú

���Ç�ÏE`(96.1±3.1)%(�ñÃÄ\`(64.3± 

14.6)%(�\�T�SX���=���,-ßà�Pë 

� 3  ������� B� �����������(×200) 

Figure 3  Localization of bone morphogenetic protein receptor 

subtype IB-positive cells in the dermis (×200) 
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Figure 5  Proliferation curve of cells seeded onto coral scaffolds 
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Figure 6  Scanning electron microscope evaluation of the adherence and proliferation of bone morphogenetic protein receptor subtype 

IB-positive cells on the coral scaffold 
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Figure 4  Morphology of bone morphogenetic protein receptor subtype IB-positive cells before and after osteogenic induction (inverted 

phase contrast microscope, ×100) 
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Figure 7  Osteogenic potential of the complex in vivo (×100) 
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Figure 8  Gross observation and micro-CT analysis of repaired calvarial defects 
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