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Proliferation and differentiation of periosteum cells induced by icariin   

 

Zhong Xiu-xia, Luo Mei-lan (the People’s Hospital of Longhua of Shenzhen, Shenzhen 518109, Guangdong 

Province, China) 

 

Abstract 

BACKGROUND: Icariin has a broad prospect for promoting cell proliferation. Differentiation direction of 

periosteal cells is uncertain, but the cells are easy to be induced by ultrasound, oxygen or bone morphogenetic 

protein 7 (BMP7). Periosteal cells have been applied in bone tissue engineering; however, icariin effects on 

the proliferation and differentiation of periosteal cells is little reported. 

��������	
���	
� 

�������

�	
�� 

MTT��� 

������	��������� 

��� !"��#$%

&'�()*+,- 7.

/���	�� 

�	�����0 315

' 7 d 

�����23��� 

�456�7,- Runx2mRNA89 

�������� 

4:;'<=>?@ 



�������. �	
�������������[J]. 

������� �2018�22(8):1155-1160. DOI:10.3969/j.issn.2095-4344.0132 

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

1156 

OBJECTIVE: To investigate the effect of icariin on the proliferation and differentiation of human periosteal cells, thus providing theoretical 

basis for icariin applied in bone tissue engineering. 

METHODS: The human periosteum was obtained and the primary cells were isolated in vitro. After culture and expansion, periosteal cells 

were cultured in 24-well plates, and induced by 0.001, 0.01 and 0.1 mg/L icariin and 50 µg/L BMP7, respectively. The corresponding 

avsorbance values of different groups were detected. The levels of alkaline phosphatase and calcium nodules in periosteal cells were 

measured at 1, 3, 5 and 7 days, and the mRNA levels of osteocalcin, osteopontin and Runx2 were detected at 3, 5 and 7 days. 

RESULTS AND CONCLUSION: The periosteal cells proliferated well after induction with icariin, and could proliferate well in different 

concentrations of icariin and the positive control group (P < 0.05). Compared with the control group, the periosteal cells induced by icariin were 

able to produce more alkaline phosphatase and calcium nodules (P < 0.05). The mRNA expression of osteocalcin, osteopontin and Runx2 in 

periosteal cells could be up-regulated by icariin (P < 0.05). These findings imply that icariin can promote proliferation and differentiate of 

periosteal cells into osteoblasts, and it can be used as an inducer for the preparation of seed cells in bone tissue engineering. 

Subject headings: Phytoestrogens; Osteogenesis; Alkaline Phosphatase; Tissue Engineering 

Funding: the Science and Technology Program of Jiangxi Province, No. 20161BBG02315 
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Table 1  Absorbance values of the periosteal cells induced by 
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5 d 0.75±0.04

���
 0.55±0.06

��
 0.26±0.06

�
 0.20±0.05 0.76±0.05

���
 

7 d 0.95±0.02 0.65±0.05 0.33±0.06

�
 0.31±0.04 0.98±0.10

���
 



�������. �	
�������������[J]. 

������� �2018�22(8):1155-1160. DOI:10.3969/j.issn.2095-4344.0132 

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

1158 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  �������	
�� 

Figure 1  Absorbance values of the periosteal cells in different groups  
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Figure 2  Staining of alkaline phosphatase in each group on day 
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Figure 3  Expression levels of alkaline phosphatase in different 

groups    
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Figure 4  Staining results of calcium nodules in each group on day 
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Figure 5  Number of calcium nodules in different groups    
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Figure 6  Relative mRNA expression level of osteocalcin in 

different groups     
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Figure 7  Relative mRNA expression level of osteopontin in 

different groups    
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Figure 8  Relative mRNA expression level of Runx2 in different 

groups    

������1������� 7?��@*�QST�!"#


Runx2 mRNABC.����!"#
 Runx2 mRNABC
ST

&'1������� 7��D<VEW-�����(

�
P < 0.01-

10

��
 mg/L � 

10

���
mg/L � 

10

��
 mg/L � 

���	
 

�� 7 � 

����� 

���	
�� 7 � 

�� 

����� 

���	
�� 7 �

�� 

����� 

���	
�� 7 �

�� 

����� 

���	
�� 7 �

�� 

����� 

���	
�� 7 �

�� 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

����

���

��

����

����

���

��

����

����

���

��

����

���� ����

���

��

R
u
n
x
2
 
m

R
N

A
�

�
�

�
�

 

�
�

�
	

m
R

N
A
�
�

�
�

�
 

�


�

m
R

N
A
�

�
�
�
�

 

�


�
�
�

�
�

(
�

)
 



�
�

�
(
�

)
 

�
�
�

�
 



Zhong XX, Luo ML. Proliferation and differentiation of periosteum cells induced by icariin. Zhongguo Zuzhi Gongcheng Yanjiu. 2018;22(8):1155-1160. 

DOI:10.3969/j.issn.2095-4344.0132 

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

1159 

 

 

 

 

 

 

 

 

 

��������	
������������

��������� !"#$%&'(�)*+,-

�.	/0���12

[26-27]

3%456����789	


���:#'(�� !"#$%&�;<'(=#	

>?5@AB7�CDEFG0�HI����89.	1

JK�:LM#N��OK	>?5@AB7PQ3��

R9ST���UM.	/0VW�$%&X�� !

"X	$YXRunx2Z3Runx2[.	��\]��/

0^_W`���a�b	��cde-f�[gh	i

?jk#lmdenoW`3Runx2,pq^_��r

s/0ABnotu��\]����	>.cv�8

9-f

[28-30]

3	��\]Xw�#lmxy"[�� 

!"�[.	��1J�"�<z={|#����

.}~��U����<��a��.}	��C�

#�=��,l'��w������ !"{HI.

	���=�������=U���HI.	���.

}

[31-32]

3�[�� !"��������+c'(�a

e��<���3c��������789�� !"

�:��9ST89.	��\]���f.	��1

JVW[Runx2X	$Y#	�AB�+[��tu�	

��w�q �deW`�,¡¢��£¤�	
��

¥����¦§.	/�

[33]

3��%456����7

�¨3�5#7©IE89	
���:	$YXRunx2#	

�ABmRNA�HI����IE89�	
��.	�

���3%¢N��OK	>?5@AB789.	�

�-f�9ST¤������c89	
��.	��

�L43 

¡ª«¬���fK®¯Y����-�°±² 

¦§³�´µ<�����¶q��56����78

9	
���.	�����;<¦§��7�#	>?

5@AB7DIEG03W·����,-�°±² ¸

�¦§³3MTTX¹º»=PCRZ�¼�������

8��U�-f��	°±² �f½¾cL¦§³¿

»�À¤VÁ3·s�·Â���f	
��W<ÃÄ

ÅÆÇÈÉZ@KÊ/��,-�Ë�	°±² Ì`

��3 

�������������	���
��������	

����	������ 

� � � � 	 � � � � �  ! " # $ % & � ' ( )

(20161BBG02315)*+,-�./	�01�23456/78��

9:�;<=>?@9
�+A��BCDE� 


�����F+GHIJKL MNOPQR�ST./	

�016/��UV+2345�WXYZ[\]� 

�����<=;^_L`abc+de�fgUVhijkl�

��+mnopqrst��uv wxyjz{pq|}~�j�

<=��oD��yjz{pqo��+������ 

�����������2� CNKI��������A�� 3

���� 

�������2w�������������fg {�¡

¢£� 

�������	����	�;<=�mn+¤�F�¥+W

¦��§¨©ª�¤�F«B+¬®¯°>?(±²�³´>?µ)

¶·B¸ �¹º/V�»¼X°�½�¾¿�À��Á�� 

����������ÂÃ�oÄc	�ÅÆbÇÈ �ÆUV

ÉÊ� 

�������ËT�ÌÍÎÏÐ���Ñ?�ÒÓÔ½ÕÀÉ

Ê�!ÈÖ×ØÙÚÛÜL×U�ÝÞÔ½3.0*ßà�YgiáL+â

ãä�åÕæbçØÙÚÛ)+èé¬��êpq°ëì�íî��

ïåÕªðLñòó°äô°õö°÷ø°ùú°�û°üýþ��

��������ûá�L	��+��>?	C
ªðg�L�� 

 

4  ����  References 

[1] ���,���,��,	.
���������������

������[J]. !"#$�,2016,32(10):190-193. 

[2] %&,�'(,)*+,	.
���,-./�����[J].0

1,-#2,2017,25(9):1505-1508. 

[3] Wang PZ, Zhang FJ, He QL, et al.Flavonoid Compound 

Icariin Activates Hypoxia Inducible Factor-1α in Chondrocytes 

and Promotes Articular Cartilage Repair. PLoS One. 2016; 

11(2):e0148372. 

[4] Wang QS, Zhang XC, Li RX, et al.A comparative study of 

mechanical strain, icariin and combination stimulations on 

improving osteoinductive potential via NF-kappaB activation 

in osteoblast-like cells.Biomed Eng Online. 2015; 14: 46. 

[5] 345,%67.
��891:;<=>
��?@ABC

DEFGH�IJ����[J].KLM#2,2015,3:313-315. 

[6] NOP,QRS,TUV,	.
��WXCYZAB[\�]�

./[J]."^#2_2`2a,2015,37(3):264-268. 

[7] bc,de,)fe,	.
��ghijklmnoZpqE

FAPRILrstABCDEF[u]����[J]."S,-vw

$�,2009,16(20):1534-1537. 

� 2  ������	�
�� Runx2�mRNA���                                                               (x

�

±sxn=4) 

Table 2  mRNA expression levels of osteocalcin, osteopontin and Runx2 in different groups      

��������	


�

P < 0.05� 

� 3  � 5  � 7  �� 

��� ���� Runx2 ��� ���� Runx2 ��� ���� Runx2 

����� 1.29±0.12

�

 1.29±0.12

�

 0.96±0.21

�

 2.09±0.17

�

 2.09±0.17

�

 1.92±0.27

�

 3.48±1.86

�

 3.48±0.19

�

 2.33±0.25

�

 

������� 7 � 1.36±0.087

�

 1.36±0 .08

�

 1.08±0.28

�

 2.22±0.16

�

 2.12±0.17

�

 1.89±0.20

�

 3.57±0.15

�

 3.58±0.16

�

 2.48±0.16

�

 

��� 0.29±0.98 0.29±0.098 0.46±0.13 0.43±0.064 0.43±0.06 0.71±0.14 0.89±0.11 0.89±0.11 1.07±0.34 

F � 130.77 157.15 8.61 254.43 32.02 65.91 380.54 26.41 34.67 

P � < 0.01 < 0.01 0.008 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

 



�������. �	
�������������[J]. 

������� �2018�22(8):1155-1160. DOI:10.3969/j.issn.2095-4344.0132 

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

1160 

[8] Wang JH, Tao YX, Ping ZC, et al.Icariin attenuates 

titanium-particle inhibition of bone formation by activating the 

Wnt/β-catenin signaling pathway in vivo and in vitro.Sci Rep. 

2016; 6: 23827. 

[9] Chi LQ, Gao WY, Shu XR, et al.A Natural Flavonoid Glucoside, 

Icariin, Regulates Th17 and Alleviates Rheumatoid Arthritis in 

a Murine Model.Mediators Inflamm. 2014; 2014: 392062. 

[10] Mok SK, Chen WF, Lai WP, et al. Icariin protects against bone 

loss induced by oestrogen deficiency and activates oestrogen 

receptor-dependent osteoblastic functions in UMR 106 cells. 

Br J Pharmacol. 2010; 159(4): 939–949.  

[11] Liu TL, Zhang X, Luo Y, et al. Slowly Delivered Icariin/ 

Allogeneic Bone Marrow-Derived Mesenchymal Stem Cells to 

Promote the Healing of Calvarial Critical-Size Bone Defects. 

Stem Cells Int. 2016; 2016: 1416047. 

[12] Liu M,Zeng X,Ma C,et al. Injectable hydrogels for cartilage 

and bone tissue engineering.Bone Res. 2017;5:17014. 

[13] Velasco MA, Narváez-Tovar CA, arzón-Alvarado DA. Design, 

Materials, and Mechanobiology of Biodegradable Scaffolds 

for Bone Tissue Engineering. Biomed Res Int. 2015; 2015: 

729076. 

[14] Kim YK, Nakata H, Yamamoto M, et al.Osteogenic Potential 

of Mouse Periosteum-Derived Cells Sorted for CD90 In Vitro 

and In Vivo.Stem Cells Transl Med. 2016; 5(2): 227-234. 

[15] Chung JE, Park JN, Yun JW, et al. Cultured Human 

Periosteum-Derived Cells Can Differentiate into Osteoblasts 

in a Perioxisome Proliferator-Activated Receptor 

Gamma-Mediated Fashion via Bone Morphogenetic Protein 

signaling.Int J Med Sci. 2016;13(11): 806-818. 

[16] Sung IY, Park BC, Hah YC,et al. FOXO1 Is Involved in the 

Effects of Cigarette Smoke Extract on Osteoblastic 

Differentiation of Cultured Human Periosteum-derived Cells. 

Int J Med Sci. 2015; 12(11): 881-890. 

[17] Filion TM, Skelly JD, Huang M, et al. Impaired osteogenesis 

of T1DM bone marrow-derived stromal cells and 

periosteum-derived cells and their differential in-vitro 

responses to growth factor rescue. Stem Cell Res Ther. 2017; 

8: 65. 

[18] Thitiset T, Damrongsakkul S, Bunaprasert T, et al. 

Development of Collagen/Demineralized Bone Powder 

Scaffolds and Periosteum-Derived Cells for Bone Tissue 

Engineering Application.Int J Mol Sci. 2013; 14(1): 2056-2071 

[19] ��,���,���,	.
���������������

�[J].����� !",2016,20(24): 3501-3507. 

[20] #�$,%�&,'(),	.
��*+,-.�/0123�

�����������456789:[J]. ����� !

", 2016, 20(6): 777-784. 

[21] Bei K, Du Z, Xiong Y. BMP7 can promote osteogenic 

differentiation of human periosteal cells in vitro. Mol Biol Rep. 

2012; 39(9):8845-8851. 

[22] Wu YQ, Cao LY, Xia LG, et al. Evaluation of Osteogenesis and 

Angiogenesis of Icariin in Local Controlled Release and 

Systemic Delivery for Calvarial Defect in Ovariectomized 

Rats.Sci Rep. 2017; 7: 5077. 

[23] Li XF, Xu H, Zhao YJ, et al. Icariin Augments Bone Formation 

and Reverses the Phenotypes of Osteoprotegerin-Deficient 

Mice through the Activation of Wnt/β-Catenin-BMP Signaling. 

Evid Based Complement Alternat Med. 2013; 2013: 652317. 

[24] ;<=.
��>�?-@+ABCDEF��GHIJ06

23��K��������[J].�LMNOPQ�,2016, 

33(9):2179-2182. 

[25] RST,UV,WX,	.YZ[\]^_`
����ab��

�����6MN!"[J].�LcdefghiQ�, 2017, 

39(1):10-15. 

[26] U=,jkl,mn,	.�op��qrst1uvw-x[y[9

:*��K������J0z{|}[,~�>[6��[J].

�L���PQ�, 2016,18(6):526-531. 

[27] ��,���,��,	.����SP600125*�ab���wO

�������6��[J].�L���PQ�, 2017,19(2): 

157-163. 

[28] Wei JW, Shimazu J, Makinistoglu MP, et al. Glucose uptake 

and Runx2 synergize to orchestrate osteoblast differentiation 

and bone formation. Cell. 2015; 161(7): 1576-1591. 

[29] Kim HJ, Park JW, Lee KH, et al.Plant homeodomain finger 

protein 2 promotes bone formation by demethylating and 

activating Runx2 for osteoblast differentiation. Cell Res. 2014; 

24(10): 1231–1249. 

[30] McGee-Lawrence ME, Carpio LR, Bradley EW, et al. Runx2 is 

required for early stages of endochondral bone formation but 

delays final stages of bone repair in Axin2-deficient mice. 

Bone. 2014; 66: 277-286. 

[31] Inglis S, Christensen D, Wilson D, et al. Human endothelial 

and foetal femur-derived stem cell co-cultures modulate 

osteogenesis and angiogenesis. Stem Cell Res Ther. 2016; 7: 

13. 

[32] Watt J, Schlezinger JJ.Structurally-diverse, PPARγ-activating 

environmental toxicants induce adipogenesis and suppress 

osteogenesis in bone marrow mesenchymal stromal cells. 

Toxicology. 2015; 331: 66–77. 

[33] ���,��,%n�,	.
���d9:6!"��[J]. ��

qcef��, 2010,10(20):3976-3979. 

 

 

 


