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Abstract 

BACKGROUND: Studies have found that adipose-derived stem cells (ADSCs)/collagen complexes can promote the 

ADSCs differentiation and maturation into mature adipocytes and promote angiogenesis. 

OBJECTIVE: To explore the biological properties of the ADSCs/collagen sponge composite material and to detect its 

effect on angiogenesis.  

METHODS: (1) ADSCs were cultured on collagen sponge (experimental group) or cultured alone (control group). After 

24 hours of culture, cell adhesive rate of ADSCs was determined with flow cytometry. After 2, 4, 6 days of culture, cell 

proliferation and level of vascular endothelial growth factor (VEGF) in the culture medium were detected. (2) Chick 

embryo chorioallantoic membranes were exposed and incubated for 7 days and then divided into four groups: 0.2 mL of 

sterile PBS was added in the blank group, 0.2 mL of 2×10

�
/L passage 3 ADSCs suspension was added in the ADSCs 

group, collagen sponge was added in the collagen sponge group, and collagen sponge with 0.2 mL of 2×10

�
/L passage 3 

ADSCs suspension was added in the composite group. After 7 days of incubation, the microvessel count around the 

chorioallantoic membrane was measured.  

RESULTS AND CONCLUSION: (1) The cell adhesive rate of ADSCs to collagen sponge reached to (93.04±0.67)%. (2) 

The absorbance value (at 6 days of culture) and level of VEGF (at 4 and 6 days of culture) in the experimental group 

were significantly higher than those in the control group (P < 0.01 or P < 0.05). (3) Compared with the blank group, the 

number of microvessels was significantly higher in the ADSCs, collagen sponge and composite groups (P < 0.05). 

Moreover, higher amount of microvessels were found in the composite group than the ADSCs and collagen sponge 

groups (P < 0.05). To conclude, ADSCs can adhere well to the collagen sponge with good biocompatibility and their 

combined use can improve angiogenesis further by enhancing cell proliferation and VEGF secretion of ADSCs. 

Subject headings: Collagen; Stem Cells; Tissue Engineering 
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Table 1  Cell proliferation of human adipose-derived stem cells in 

experimental and control groups      

�� 2 d 4 d 6 d 

��� 0.70±0.39 0.72±0.34 0.77±0.09 

��� 1.03±0.49 1.27±0.57 1.42±0.40 

P > 0.05 > 0.05 < 0.01 
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Table 2  Secretion of vascular endothelial growth factor from 

human adipose-derived stem cells in the experimental and control 

groups       

�� 2 d 4 d 6 d 

��� 44.30±2.41 48.05±1.25 50.25±1.70 

��� 47.04±0.36 52.99±1.08 58.94±1.27 

P 0.325 0.007 0.002 
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Figure 1  Surface marker expression of passage 3 human 

adipose-derived stem cells by flow cytometry 
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Figure 2  Multidirectional differentiation of passage 3 human 

adipose-derived stem cells (×400) 
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Figure 3  Angiogenesis in the chick embryo chorioallantoic membrane (×22.5) 

����� A:D���� !��"#$%!�&�'(!)*+!�,*+!-./0123� 

 A 

B 

C 

D 



 

�����. ���	
��
��������� 

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

3535 

www.CRTER.org 

����;���������	�
���
�������

����������������������	����.���

������ !"�
��������#$�����
���

��%&' 

����;()*+,-./$01234567' 

	
��;89:;<=>?��@ABC23DEFGH�$

0?IJKLMNOP$0QRSTUVFWXLMYZ[\F]8

9��K^_`VFWXLMKab?cdefg' 


���;$0hijklm CNKInop$qrstu�� 3

vwx' 


���;$0lTyz-�{%|}~�{%�BC�Xa�

��' 

����;��*+�89`IJ?�$�h�?������

�
'�$���?�������(��������)�����

k� )3e¡¢£�¤¥`¦§�/¨©ªw' 


���;$0hij«¬kK­<*+®¯;°±Si¯23

²³' 

������;´µ�¶·¸¹º$0�$0hij«¬kK­

<*+®¯;°±Si¯23²³'»�\¼½,¥�/²³g¾±

¿:ÀÁ�ÂÃ::2-@Ä,¥3.0ÅÆÇ�ÈCEÉ:?ÊËÌ�

Í�Î;ÏÀÁ�ÂÐ?ÑÒ�$yÓLM�ÔÕ`Ö×�-ØÍ�


Ù:ÚÛÜ�ÌÝ�Þß�àá�âã�rä�åæç¨è$q�

é�êëìäÉ�:*íî?ïð��ñòó
ÙCô:õ' 

 

4  ����  References 

[1] Cunningham BL,Lokeh A,Gutowski KA.Saline-filled breast 

implant safty and efficacy�a multicenter retrospective 

review.Plast Reconstr Surg.2000;105(6):2143-21494 

[2] 5�6.7
89:;<=>[M].?@:ABCDEF,2001: 

673-6744 

[3] Ryuto M,Ono M,lzumi H,et al4Induction of vascular 

endothelial growth factor by tumor necrosis factor alpha in 

human glioma cells.Possible roles of SP-1.J Biol Chem. 

1996;27(45):28220-282284 

[4] Hong S,Traktuev J,March KL,et al.Therapeutic potential of 

adipose-derived stem ce11s in vascsular growth and tissue 

repairs.Curr Opin Organ Transplant.2010;15(1): 86-91 

[5] GH,I-,JKL,M.�"#$%NOPQR*+STUVW


*+XYZ�[+\]^_`[J].�ab*cd<=ef, 2011, 

25(12):1499-1501. 

[6] Hattori H,Masuoka K,Sato M,et al.Bone formation using 

human adipose tissue-derived stromal cells and a 

biodegradable scaffold.J Biomed Mater Res B Appl Biomater. 

2006;76(1):230-239. 

[7] ghi,jdk,lm,M.In&�opqrsA�"#$%t<

.Su;
_`[J].vwD=x>>y,2007,27(2):223-225 

[8] z{,|},g~�,M.�"!���#$%*+&��d!��

���b*���X[J].����D>ef, 2007,23(2): 

161-164. 

[9] Wosnitza M,Hemmrich K,Pallua N.Plasticity of human 

adipose stem cells to perform adipogenic and endothelial 

differentiation.Differentiation.2007;75(1):12-23. 

 

 

 

 

[10] Ribatti D.Chick embryo chorioallantoic membrane as a useful 

tool to study angiogenesis.Int Rev Cell Mol Biol.2008;270: 

181-224.  

[11] ��,�a�,�f�.���W�TU�������/0.�

\��_`[J].��D�+ ¡/0¢ef, 2010,8(3): 

3110-3111 

[12] Sun X,Altalhi W,Nunes SS.Vascularization strategies of 

engineered tissues and their application in cardiac 

regeneration.Adv Drug Deliv Rev.2016;96:183-194. 

[13] Yao C,Roderfeld M,Rath T,et al.The impact of 

proteinase-induced matrix degradation on the release of 

VEGF from heparinized collagen matrices.Biomaterials. 

2006;27(8): 1608-1616. 

[14] Steffens GC,Yao C,Prevel P,et al.Modulation of angiogenic 

potential of collagen matrices by covalent incorporation of 

heparin and loadig with vascular endothelial growth 

factor.Tissue Eng.2004;10(9-10):1502-1509. 

[15] Koch S,Yao C,Grieb G,et al.Enhancing angiogenesis in 

collagen matrices by covalent incorporation of VEGF.Mater 

Sci: Mater Med.2006;17:735-741. 

[16] Lindroos B,Suuronen R,Miettinen S.The potential of adipose 

stem cells in regenerative medicine.Stem Cell Rev.2011;7(2): 

269-291. 

[17] £¤¥,o¦§,g¨,M.�"�
#$%s&�'(op\u;


[J].©ª>ef,2012,35(6):741-744,769. 

[18] J«¬,gd­,®fa,M.�"��#$%*+¯°.Sop±

²³�´\T/0µ¶�[J].·¸x>>y(D>F), 2013, 

39(6): 773-776. 

[19] ¹º»,¼½¾,J«¬,M.�"#$%*+¿n&�À²³ÁÂ

!�.Ã\ÄÅ[J].·¸x>>y(D>F), 2014,40(2): 

255-257. 

[20] ÆÇÈ,ÉÊ,Ë{Ì,M.&�'(ÀZ�[+\ÄÅ[J].�aÍ

ÎDÏ,2014,21(13):1954-1956. 

[21] ÐÑ,Ë{Ì,gÒ,M.&�'(±Ó
´ÔÕÖ�×�ØÙÚÛ

ÜÝ[J].ÞßDÏ,2012,16(7):949-951. 

[22] É¦,àxá,Ë{Ì,M.&�'(âãäåæçèé�sê/Ú

ÛØÙÜÝ[J].�aDÏëv,2012,10(5):79-80. 

[23] àxá,É¦,Ë{Ì,M.&�'(âãìæ�X20íØÙÜÝ

[J].�aDÏëv,2012,10(2):85-86. 

[24] îf«,ïð,gñ,M.�"òãQ#$%*+óôõ-&�-öR

÷ø�3ùopt<�÷øúû\��_`[J].�aøQüi

ef,2009,15(3):165-170. 

[25] Gý,£þ,���,M.A�"#$%t<��)$%�t*+S

����[J].�a	
>ef,2014,34(18):5187-5190. 

[26] [26] Han B,Wang HC,Li H,et al.Nucleus pulposus 

mesenchymal stem cells in acidic conditions mimicking 

degenerative intervertebral discs give better performance 

than adipose tissue-derived mesenchymal stem cells.Cells 

Tissues Organs. 2014;199(5-6):342-352.  

[27] £�,�
,�«�,M.&�'(TUA���/0��$%.Ã

\t<��_`[J].ØÙ���D>ef, 2014,13(18): 

1494-1496. 

[28] �~,Ë{Ì,àxá,M.&�'(TUZ�ê/s/0-.\�

�_`[J].�v�Def,2012,28(3):140-141,165. 

 

 

 

 


