
��������  � 19 � � 19 �  2015	05	07 
� 

Chinese Journal of Tissue Engineering Research  May 7, 2015  Vol.19, No.19 

 

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

3061 

www.CRTER.org 

������1988���

�	
�������

�����������

����� !" 

 

#$%&'()�*��

+�,-.����/.�

01234567-8�

���9:
9;<  

510080 

 

=>#$%&'?@A�

*���,-.�BC�

���/.�	D234

56E-8�����	


FG<  421001 

 

�����:R394.2 

���	
:B 

����:2095-4344 

(2015)19-03061-06 

�����2015-04-10 

http://WWW.crter.org 

 

 

 

 

 

 

 

 

 

Jiang Yan-ping, Studying for 

master’s degree, Department of 

Cardiology, the Second 

Affiliated Hospital of University 

of South China, Hengyang 

421001, Hunan Province, 

China 

 

Corresponding author: Yang 

Zhen, M.D., Associate chief 

physician, Master’s supervisor, 

Department of Cardiology, the 

First Affiliated Hospital of Sun 

Yat-sen University, Guangzhou 

510080, Guangdong Province, 

China 

 

Corresponding author: Zeng 

Gao-feng, M.D., Chief 

physician, Professor, Master’s 

supervisor, Department of 

Cardiology, the Second 

Affiliated Hospital of University 

of South China, Hengyang 

421001, Hunan Province, 

China 

 

Accepted: 2015-04-10 

 

 

�

��

�

��������	
����������� 

 

���

1

����

1

��  	

2

��
�

2

�

3

��  

4

(

1

��������	
���������  421001�

2

��������	
�

����������  510000�

3

��������	
���������  510000�

4

������� 	
�������

��  510080) 

 

����� 

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

45������6&01������� !789#$7:�;$.<=�>�%?@AB�CD�E

FGH>:%�I&�JKLMN$O;$P45������6&�JQR<STUV 

���� 

���������	���
����������������������������� ! 

	
�� 

�"#$����%���&'����� 

���� 

������ !()*+(31270992,30800215)�-./���� !(2014A030313086)�-./�0

12*+(2013B021800275)�-34�0125678*+(2013J2200019)�
9 :�;<=>?@A

�BCDE�F*+(13ykpy20) 

 

�� 

���W�X������������ !"#$%&'()YZ[\V 

�����&'()X������������ !"#$%]^V 

���_` 79abc(46.4±4.5)d%efghijXk�lm45�no6&pq1 18a945�����

�6&01 21 a9no/&pq1 21 a"�����/&01 19 a�rst�uvw��xyz CD34

" KDR {|}&�������B��ac-LDL ~ lectin ��|�����=s������� !� 

MTT�" Transwell���������%7�$O"��$O�yz����?@AB�V 

������.�����/&01"no/&pq13>�45������6&01"45�no6&

pq1% CD34

+

/KDR

+

{}&������� !9ac-LDL ~ lectin �={}&����� !7�      

(P�< 0.05)��������"7�$O[�7:(P < 0.05)���?@AB�7�(P < 0.05)V45���

���6&01.45�no6&%�������"7�$O�[�()(P > 0.05)�������/&0

1%�������"7�$O>no/&��V��?@AB�.������� !~#$�[�%�

�2DD�(P < 0.05)V��*+��������������� !"#$ ¡&'()�23����

�/&01�45������6&01������� !78�7�"��$O7:�l;$.<=�

>�%?@AB�CDV 

 

GHI,J
K,LM,JNO,PQ. 
���RS��	��TUVWXY����[J].?�Z[\]

;^,2015,19(19):3061-3066. 

doi:10.3969/j.issn.2095-4344.2015.19.019 

 

Sex differences in the number and activity of circulating endothelial progenitor cells 

in prehypertension   

 

Jiang Yan-ping

1

, Zeng Gao-feng

1

, Ren Zi

2

, Zeng Hai-tao

2, 3

, Yang Zhen

4

 (

1

Department of Cardiology, the 

Second Affiliated Hospital of University of South China, Hengyang 421001, Hunan Province, China; 

2

Center for Reproductive Medicine, the Sixth Affiliated Hospital of Sun Yat-sen University, Guangzhou 

510000, Guangdong Province, China; 

3

Department of Obstetrics and Gynaecology, the Third Affiliated 

Hospital, Sun Yat-sen University, Guangzhou 510000, Guangdong Province, China; 

4

Department of 

Cardiology, the First Affiliated Hospital of Sun Yat-sen University, Guangzhou 510080, Guangdong 

Province, China) 

 

Abstract 

BACKGROUND: The sex differences in circulating endothelial progenitor cells under the condition of 

prehypertension are still unclear.  

OBJECTIVE: To investigate whether there is a sex difference in circulating endothelial progenitor cells in 

prehypertension. 

METHODS: Seventy-nine volunteers, (46.4±4.5) years old, were divided into four groups: normotensive 



 

�����. ���	
���������������� 

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

3062 

www.CRTER.org 

premenopausal women (n=18), prehypertensive premenopausal women (n=21), normotensive men (n=21) and 

prehypertensive men (n=19). Flow cytometry analysis was used to evaluate the number of CD34 and KDR 

double-positive labeled circulating endothelial progenitor cells in the four groups, and acetylated low density lipoprotein 

(LDL) and lectin fluorescent staining method were used to evaluate the number of cultured endothelial progenitor cells. 

The migration and proliferation of endothelial progenitor cells were detected. In addition, the estradiol level in plasma was 

measured in the four groups. 

RESULTS AND CONCLUSION: Flow cytometry analysis showed that the number of CD34

+

/KDR

+

 circulating endothelial 

progenitor cells in normotensive and prehypertensive premenopausal women was higher than that in normotensive and 

prehypertensive men (all P < 0.05). The acetylated-LDL and lectin fluorescent staining method indicated that the cultured 

endothelial progenitor cells also increased in normotensive and prehypertensive premenopausal women (P < 0.05). The 

proliferative and migratory activities of cultured endothelial progenitor cells were higher in normotensive and 

prehypertensive premenopausal women compared with normotensive and prehypertensive men (P < 0.05). There was 

no difference in the migratory or proliferative activity of endothelial progenitor cells between normotensive and 

prehypertensive premenopausal women (P > 0.05). However, the migratory or proliferative activity of endothelial 

progenitor cells was higher in normotensive men than in prehypertensive men (P < 0.05). The level of plasma estradiol in 

normotensive women and prehypertensive premenopausal women was significantly higher than that in normotensive 

and prehypertensive men (P < 0.05). The plasma estradiol level showed a linear correlation with the number or activity of 

circulating endothelial progenitor cells (P < 0.05)�In all, sex differences in the number or activity of endothelial progenitor 

cells exist in prehypertension. Therefore, the number and activity of circulating endothelial progenitor cells in 

prehypertensive premenopausal women were preserved when compared with prehypertensive men, which may be 

related to the enhanced plasma estradiol level.  
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79±P²$��³ij(46.4±4.5)´�F�4µ¶ef�·

¸gh18±?ef������gh¹$21±?·¸mh

21±?�����mh¹$19±7 
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¶�	�

�¶¾�<120 mm Hg(1 mm Hg= 0.133 kPa)A/¿ÀÁ 

�< 80 mm HgÂ�����¶¾�120�139 mm HgA/

¿ÀÁ�80�89 mm Hg7 

����¶Ã�)P²$Ä^_ÅÆÇ?ÈHÉÊ

ËÌAvÍÎËÌ7ÏP²$��Ð:;³ÑÒÓÔ7Õ

:;Ö×«`ØÙ`O½7 
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¿áâhr_��ãä���12RHI�9A34å�

æç7Ïèé?êë�ég?ìíîïnðñ$7 

ò�óôabõ�

��

�17 

��¶CD34]öHI÷øùÉú�BDûü�EGM-2

ýþòú�Cloneticsûü�������ú�Hematologic 

Technologiesûü�ac-LDL ú�Molecular Probesûü�

Lectinú�Sigmaûü���ò	
�� (MTT)ú�

Flukaûü7 

�¶ 

	
�������������¶�200 µLBC

�YFLK-1]öHI÷øùÉ�ù��20 min����

FLK-1�ù��20 min��o��CD34]öHI÷øùÉ

��20 min7�o��HI�����HI�20 g/L{�

���L��]öHI Ä^Ë!�CD34AKDR"#h
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��������������� !¶��µBC

�$ 20 mL%�&z�D�"� PBS'(7��

Ficoll-PagueF)*o)��+�,��-AFicollF)*

./0123HI4�%���������5

EGM-2ýþòD7 

�678)BC�123HIýþò%�8)É9

F�5%CO

2

?37 :�;Dýþ�%<%÷øc=>?@

A¡¢HIBA`CG7HIýþ2Co��DFEFHI

%�LGHIJGtKHL���*D��1 h��o   

20 g/L{����L���LGHM®zùÉ�*��1 h�

"%�÷øc=>?¡¢NO��PAQP"àPHI�

12RHI7 

�����"#$%&�¶�850 µg/L��12�R
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2 ×10

4
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2������Results  

2.1  ��������	
��  ]öHI Ë!c

def������gh¹$Y·¸ef�ghP²$�

�12RHI�9���c�hÔ�(P > 0.05)Â����

�mh¹$Y·¸mhP²$��12RHI�9���

c�hÔ�(P > 0.05)Â�ef������gh¹$A·

¸ef��ghP²$��12RHI�9n�h���

���mh¹$A·¸mhP²$q�(P³< 0.05)�õ�
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�

1�27 

2.2  ��������	���  Yef�����

�gh¹$Y·¸ef�ghP²$kp������m

h¹$Y·¸mhP²$��12RHI`a4sAq

r4s�c��(P³< 0.05)Âef������gh¹$

Y·¸ef�ghP²$��12RHI`a4s¿qr

4s���c�hÔ�(P > 0.05)Â�����mh¹$�

�12RHI`aAqr4s�·¸mhP²$�� 

(P < 0.05)�õ�

��

�3�47 

2.3  ����������  ef������gh

¹$Y·¸ef�ghP²$�txyz�����c�

hÔ�(P > 0.05)ÂÓ�������mh¹$Y·¸mh

P²$�txyz�����c�hÔ�(P > 0.05)Â�Y

·¸mhP²$A�����mh¹$kp�·¸ef�

ghP²$Aef������gh¹$�txyz��

�cq�(P³< 0.05)�õ�

��

�57 

� 1  �������	
��                                                                                           (x

_

±s) 

Table 1  Clinical and biochemical characteristics in the four groups 

�� ������	(n=18) ���
����	(n=21) ���	(n=21) 
����	(n=19) 

��(�) 45.1±4.2 46.1±3.8 47.2±3.8 46.7±4.5 

�
(cm) 161.2±6.5 161.0±6.5 165.1±5.9

b

 166.6±6.5

b

 

���(kg) 58.9±5.8 59.2±5.7 63.9±4.4

b

 64.4±4.9

b

 

�����(kg/m

2

) 22.7±2.2 22.9±2.1 23.4±1.2 23.3±2.1 

���(mm Hg) 111.4±7.2 130.4±5.1

a

 112.5±5.5 132.1±5.4

a

 

���(mm Hg) 69.0±5.2 81.0±5.1

a

 70.0±3.9 80.5±5.8

a

 

��(�/min) 72.3±8.4 72.9±7.5 75.1±7.4 74.6±8.7 

� !"#(mmol/L) 24.6±6.1 27.7±5.9 25.6±6.3 24.9±6.4 

�$!"#(mmol/L) 22.7±8.6 25.6±5.8 23.6±5.0 21.7±6.1 

%&'(mmol/L) 5.4±1.3 5.4±1.1 5.2±0.7 5.1±1.0 

()(mmol/L) 69.3±14.3 68.5±15.9 63.5±16.2 67.2±16.7 

*+,-./(mmol/L) 2.88±0.47 2.94±0.47 2.88±0.48 3.04±0.37 

0123(mmol/L) 4.92±0.54 4.97±0.50 4.90±0.53 5.06±0.47 


+,-./ (mmol/L) 1.44±0.27 1.42±0.25 1.38±0.23 1.37±0.17 

4567 (mmol/L) 1.39±0.24 1.42±0.19 1.43±0.17 1.52±0.13 

89�:(mmol/L) 4.76±0.59 4.46±0.53 4.74±0.70 4.64±0.65 

;< C�=>./(mmol/L) 1.108±0.665 1.282±0.840 1.383±0.881 1.671±0.882 

?@&(pmol/L) 217.3±39.8 216.4±39.1 106.5±19.7 105.3±19.5 

 

ABCD��EFGH

a

P < 0.05ID�	EFGH

b

P < 0.05J1 mm Hg=0.133 kPaJ 
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Figure 3  The migratory activity of circulating endothelial 

progenitor cells in the four groups 
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Figure 5  Plasma estradiol levels in the four groups 
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Figure 7  The correlation between plasma estradiol level and the 

number of CD34

+

/KDR
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 cells 
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Figure 1  The number of CD34 and KDR double-positive labeled 

circulating endothelial progenitor cells in the four groups 
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Figure 4  The proliferative activity of circulating endothelial 

progenitor cells in the four groups 
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Figure 2  The number of acLDL and lectin double-positive labeled 

circulating endothelial progenitor cells in the four groups 
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Figure 6  The correlation between plasma estradiol level and the 

number of acLDL/lectin cells 
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Figure 8  The correlation between plasma estradiol level and the 

migratory activity of circulating endothelial progenitor cells 
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Figure 9  The correlation between plasma estradiol level and the 

proliferative activity of circulating endothelial progenitor cells 
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