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���	� 
��" ����G� H� ��I��(�>�� ��I� � ?@ F����<  5#��-

 ��-J�#* # �A5��KB#5BL&$B	�* # �6B" �� �C0	 KI #� ���
* �#� M�& �&#� �6N�)�(.#�F��6� �� K��� J�#* # ��A5

��?@�(�>��)Weibel-Palade bodies( ����)���.� ���
 ��" �	���� D6	 ; #��LRA � �0)#� ��I� KI�KI * �#� S
�6�I����*�� #�@B�� =6���HB��1# $���	�L+��	 F�?# (*��0A���� F
J�#* # �A5TU�(�#5�"# )�.(

=6��0I ���	 ����" =V E#H;��8  ���A5�*��W�� 5#���- 5#���F
J�#* # ��"�0& �A�$�� K�I (*�& �K�X ��A5*N��*5E# #� 
�6YZ =V �A1�[�T# �6\ K-$�6B�" �� ��A5B	�*� # ���H

���� ;5889� ��"# (�6+) F.

��6�I�� �* #�@B�� =6� :
J�#*� # ��6�� �� $9��D6	 ��A E# ;�� ��A5��?�@�

(�>��H�0&V $��[�<� 5�6�I�� �- * #�@B�� =6����D 5K�- 
� �] $*"� .�6�I��� =6�� *� #�@B�� ��B) J�^	���� 6�L�F

�R"_�$��]B` �- KI �"# �a34��� �� b�)��L�B$�����
 ��6�� 7�61 K-$��A��5�)�'- $=6�T ����) �� �����

�$�6&)2(.
�6B" �C0	 �A$�# KI�^	��� F�- #� F�� =�$�6B" H*00I ��A5

B	�* #���I�.� � ���"6��*0��A �A .#�^	���� F�#�#� F5��
�"�"# ;8 $��"# :��L$#��F=!_�I K�- ��[�	# ��- K�I
 (*&�A�c �� E ���-�B	�* # ��d��e 7�Z#�N fd�W�� b6$H
�8�# ge�-5��W� � hRi	 * �� ���I_� �$�C  ����� "#����i

���I_� �$� ��8W # �$�6& ���# �.�F�6�I�� ?��Z KI�
��8W #5� 7��@e K- ����]��9� ��. �N �� =V (*�00I �� =�

�"# =6T)k3�(.
�6�I���� =! *�� #�@B�� =6���H�� ���- 5�E���- 5(���	6I 

b�E6���I��- K�- ��i0� =V ld#6�  � ��#� �#��d ����R5
� 6T�'5(*0A� * #�@B�� =6� �$���))�(.K�T��" fd�W��

 �6�I�� H=*& * #�@B�� =6� �8���� ���R"����) ?�T#� K�-
 � S&�	 =6T$�6&���6� 7�61 K- �$�A��5T��B$*�0B- 

A�)$)�'- K-$E ?Cm�*Z#� �HJ�#*� # �� ��A5��?�@ �
TU (�>������D hd#6� �� � (*& (�5�#EV =6�T ?�T#� K- 

�$�6&)2H�(.TU ?L&��(�#5��I�.� �� =V �"6��A��� �

�I_� �AH�n�V �6 #�) �� �� ���$�6&)�(.

�J�#* # ���T�" �:
J�#* # �A5��?@�(�>��H#�[90� "B	�*� # �6B" �����

(�C� =#�#� �� ���$* 6& .�6\ =V�A43�����"# �����LH
���0C� $���*��Z �aa3�aa�+��` � ���6 ���  $����> J���K#5

* �#� .=V ?T#� ��6�� E# 6�BR� � oI#��� �A$��A��5(��+�� 
^	��� (*&�F*� #�@B�� =6� E K�I ��"# ��� ��p6L�"��LH

�A�c5E#�6-6	 ��A5���0I �� =V K�- #� o�A$*+�<-)�aH
�()?L&�(.

)N--	�:'#--(' �F/--�/<�/����+�--, - )--�!� &:A-�!/4--�
 �F ���-? ���-1 `-1/� �#-	 ���' &�'#(' 2(���N�' a/N1��N"�

vWF./01 �� ��*HEK . B-&�'#(' 2�<' Y�� )��.(

��W��q�K5���A���� ���L�# p6L��"��L$����I l<+��� 
#�i�5*���6�\ ���- fd�W�� (*& �#*$*�N#� HJ�#*� # 

� ?L& *0 �� K�&5D�e ��- KI �"# $��T6	 $# =�6- �F
K�&� �	 #� �A��� *$*0I)�2H��H�(.K�W��q� 5��A RL	 ��B$

� r"6	�p6L"��L*B)6 6�R�# # ��I l<+�����T��" F
K��I��� �6��-6	 =�R�T���" J�0$8Z���8$ ���#���- H��5

s�� � �V���'5���A5^	����� �F*�� #�@B�� =6��� =�+��  ;0��I#� 
�$*A�)��(.

T#���t#�<+��� � ?L��& K��I (*��& l�K��B #5# *��0 �� ��� F
J�#* # ��AH��6�� �6Y�Z ?[�Z�� $��A�� 5�6�I��� =6��

* #�@B�� J�#* # ?T#� �� KI �"# H��K��&� ?L�& J#5�
� �6T K- #� *0 �� �6-6	$)�* �)�4(.o�A �0m�l<+�� F

�6N� KI (*&�K�&� o]0� ���T�" J�*0 �� �6-6	 �H#�- 5
�" =*& �#EV��6�I�� h@B�� =6�� *� #�# ����n5�� ;+�8  

�" �"���d��e 7��*1 K- h$�-��"# oC� �� .7���@e K-
��E# =*��& E���- ���.���o]0��� u_��I ?L��& JH(���) h ���� 

)��6T$K�&� �A5��6� *0B- $��� ^	�����F*� #�@B�� =6�� 
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�$)���I K- �� #� =V ��LBRe � �6&��5��I_� #��- ��A5
* �� v��& C�	 ��8W #�� ?$*0I .�L$�#6e E# B$g�e�- KI 

��#*�� *0 �� u_I ���T�" ;$�6&HpH ����J�#*� # F��A
�$*&�- .�6B" �)# KI (*& (�#� =�+  �A5B	�* # �*�N#� ��

J�#* # ��A5��?�@ ��& �#6�� ��w# ��9	 #� (�>��� �R��$�
��x0T$(*��00IpH'0 6��� *��0 �� �F)monensin(�#���d ��A��Ho

J�#* # u�c �A�J��I � ��) �e�"5� *0 �� $� * 6�&
 �6-6	 ���T�"$=V ?T#� *��  �A�� *$���))�4(.t�@d�W�� �)# 

#�- �6B"5E�"�#EV 56�9� �J�#* # ?T#� 7� �9	 ��A �� J
��6� H�6&$�A��5* #�@B�� =6� � oA �� 7�61 K- �X�� (*

 � #6	 *d�� KI (��6T (�)$�*0���A ��I_� K�- ��[	# V�#E
�$�6& .#�9�1 ���LBRe K�I ���I l<+�� *A#6�& F�S

�6�I��* #�@B�� =6�� ���T�" K-��J�#*� # (y ��A5��?�@ �
t_��I (�>���"# K��-#� .

2J�#* # ;�#*�� �:
y��B) (�.���"�5B��1# ?��9� $^	����� ����8� # �F� ���A

?L& )��5J�#* # �A5�6B" ?T#� $��"# .��� �� ��A��
� S&�	�TU � K�"6�(�^	��� �6B" ?T#� =*& �F�AH# E# �F

� v��& (�.�"�$�6& .� 7#*A�+��� ���L�# p6L�"��L$
� KI ��I l<+��#*�J�#* # ;�A5��?@�(�>��� '��  E# 

yB) (�.�"�5� z�+0�$)���.oA0m�K�I *�& l<+�� F
#�J�#* # F���T�" �A5� E# 7��n�� �* �#� b�E�')�kH�G.(

=�+  �6N6� *A#6& (*0A� RA# ��6�I�� �*� #�@B�� =6�� �� 
��#*�J�#* # ;�A5��?@�� (�>��$*�&�- .�W��q�K��A ��- 

��5�6� �A5 y� #�	 ��6�I�� *d�� J* #�@B�� =6� =�+�  
�� �#� �6B" �A5B	�* #�# ����6� F�AHA�� J�#* # {�?�@ 

�(�>�� #5L+	 ��"# (*+  ?)��(.� u�\ E#�- �.�# =� �� F
J�RI K- �6�I�� ��� ��A5�"*0C� $� ! ��(�� �� J��A5

�6B"$�	#U KI "- K- ���d��T�" � =� * #�@B�� =6�  �H*0��
L+	 K- �i0��J�#* # ?�A$����T�" �- 5@�& �� K�- K�?�@ �

��6� *N#� KI (�>��$�A��5��*�& H* �6- * #�@B)��(.#��F
*A�+�(�AKW��q� �� #5�� �- KI 5�6B" �A5B	�* # ��- �� K
�"� s" E# (*�V �A5�T� v6�  K- _�@� �- o����R5=6��

* #�@B�� # ?��I =#*8� E# KI�^	��� F�| � F$�* ��- b��i # 
�	 H�6- (*&��*& *.# ����6B" F@\ �6\ K- KI �A�W$*�d�� 

�#* #�J�A5��?@�- H*0��A (�>���=�=! *N#� E�"vWFH
� K- �i0��#*�J�#* # ;*& �A)�a.(

��- (�_��e���8  ��BI ;����*5�6�I���� *�� #�@B�� =6��� �� 
����#*�;J�#*�� # ���A5��?��@ �H(�>���� 7���-#� $�6��� �

���- ; #����LRA����	_I ;��&6� F������0$�� ���- 5#��� F
J�#* # ��AHRA# K�- ��}LB~�RI �AP-1 �� $*� ��- .#��F

E# ?L+���� }LB~��RI���^	����� J�;��&6� K��- K����-#� F
�	_I�0$?L& �� KI �"# )��5J�#* # �A5��6B" ?T#$

E�- ;8 5�$*0I)��(.#�889� E# (��) F�* *�& KN6�� F
KI��	_I ;&6� J�0$"�R"_�6�$#�- 5?L&)��5�J

�A�c �- J�#* #5+I��"# bE> (*)��(.����K�W��q� JH
��RA# K�- =��889� �. �� ���E# ���W� K� 6) JRab3D �� 

?L& )��5J�#* # �A5��?@��� (�>���$*� ��- .f�d�W��
-�>�- =�5#�Fsmall GTP-binding protein  J�#* # H��A5

+I�(*�	5B" �� �� �6���Z �� *& #*$- KI�=���K� 6) J
`���W� �Rab3D HL+�	 b*e K- �i0� �# ?��J�#*� # F��A

��)�*)�2.(
# KRA K- KN6	 �-�� H*A#6& F$� =#6	�Ki)��5K�I ��I 

�6�I�� Km �)# * #�@B�� =6� W	 ;8  ��F(*00I #5� �� �#*�;
#�J�#* # FE�- �A5�$� ?��e �C0	 ��# H*0I�- �� �w K�6�N�

 =V =*�V  �A���.�$��8�# �w# KI ��I �6[	 =#6	$��6�I��� 
*�� #�@B�� =6��� # ?���#6e J��RI K��- �?L��& � ����i )����5

J�#* # �A5�6B" =��� $?L& ge�- � (*�V )��5��?�@ �
(�>�� � �A$�6& .

��9� ���6J�#* # 7:
` K��-��� �6�I���� E# �*�� #�@B�� =6��� B��1# z'��N K��I $

J�#* # �A5��?@�(�>���"# ���T ?L�& ��6YZ �
#�J�#* # F=V K- #� �A �� �A$^	���� H*+�<-�F��A5�*�W�� 

���.5;8  �- ��A5��'�!6�6 �� # �� v6�0�� J��J�#*� # F
*0���A �D�Z)��*�N �(.�D6	 K��#�# �� �	�9$��6�� �� 

�#*W	5#=V E�"# (*& (���V �A.

��# F��LB" � $� �(P-selectin) :  
�^	��� J��+` ?T#� F$��LB�" (�#6 �T K- �BW�� �F��A

#�")��.(B	�* # �6B" �� oA ������I_� �� oA�����
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��#* # (�>�� � ?@�� 5�A �* #�@B�� =6� =��*C� �D� � 5E�@C& F���& 

���

�$�6& .� ��$�9	 ��B	�*� # �6B�" J���HE# �e��" K�- 
J�#* # ��A5��?�@ ��6B�" Sq�" �� � (*�& �#EV (�>���

W���- (*&�� =�$�6&)�GH�4.(� ��- }~" ���- �6�T *� �.
��5"6L� �� H��* �. B)�^	���6L�0$(��R& ��$�LB�"�F
)(P-selectin glycoprotein ligand-1H� (*�& ;0�I#� ��#� 

b#�V ge�- "6L� �I�Z =*& �	���N �� �A �� � =6�T =�
 oL9� ��[	# =V ��A � K�- ��� /���e (�#6 E# ����T �+�  

$d��e)extravasation(� ��C��# ?9� $�6&)��.(

.�#:�:&�'#(' �� �/:/� ��*  "O���, E1��< - )�!� ��*
��+�, 

��N0�V  "O���, 

E��"6RA 
(Wagner et al., 1982; Ewenstein et al.,

1987) 
�6�I��* #�@B�� =6� 

�"�� $-�C��# 5�A 
(Bonfanti et al., 1989; McEver et al.,  

1989) 
F��LB" � $� 

�"�� $-�C��# 5�A CD63  (Vischer and Wagner, 1993) 

�"�� $-�C��# 5�A 
(Utgaard et al., 1998; Wolff et al.,

1998) 
F�I6���0�#�

$d��e ��@8 # (Russell et al., 1998) 
F�B	�* # 

$d��e ��@8 # (Russell et al., 1998) 
F�B	�* # (*00I ?�*@	 o�' V 

�"�� $-�C��# 5�A α1,3-fucosyltransferase VI  (Schnyder-
Candrian et al., 2000) 

'��60��@�� Tissue-type plasminogen activator  
(Rosnoblet et al., 1999) 

�"�� $-�C��# 5�A (Oynebraten et al., 2004) 
F��I�	6�#�

$�#')� (Fiedler et al., 2004) 
F����6�6�y V�

=#6<�"# 5E�" /
�"�� $-�C��# 5�A 

(Zannettino et al., 2005) 
F��i	���6^�"�# 

�6� �A5*�d�� ��$���LB�"�FH)���I K�- ld#6�  ��5
"6L��(�#� =�+  #� ��C��# ?9� �� �* #)�k.(f���N K�L 

 # KN6	�F# K�I �6�- ��N �� �6�� F[�d#6  ��A$*� �� �� 
 =�&E��"6RA�# � * �#� =�+  '�F#�- KW��q� 5���# ����- F

*A#6&5� ;8  �� $�LB�"�#�# #� ���8W # �� F���#� K.#��F
 >6\ 7�61 K- ld#6 $� 6T =��E =*& �'5(bleeding 

time) �	 �a%@\ ���Z�W$�6- )��.(�� (�_e K- $�LB�"�F

�I_� E# (*& �#EV �A5 ��W� ��RC� ;8  '$� �� ��;0L �
 "6L� � �I_��E�- �5�$KI *0I RC� KBZ��$���8W # �� 

-�N �K�N$��A5���@��"# F)��.(�C  ���� "K�R	�T E# }��
���LBReH�$�LB"�� F$E��- �6B�" ?T#� K- * #6	�����

�6&)2a.(
#�-5��<  ���" �� ��- F���� H� �6YZ$�LB�"��� F

J�#* # �A5��?@�*�& l<+�� (�>���)�4.(u_�T ��- 
�6�I�� *� #�@B�� =6�� �� H$B�"�L��A F�+�8  {$��8�# �� 5

��#*�J�#* # ;��#*  �A .-�� =�$�LB"���� JRI �- F�A5
"*0C�$� ! ��6B" �� J�A$�@\ �6�\ K- KI��W$=V *�d�� 
*0��AHh�Ri	 ge�- $�� F��%B�" J�#*� # �� ��A5?�T#� 

�6B"$� *0 �� ��E�' bA � *& �A�� J�#* # {�?@�(�>��� #5
 (*A�+�*���../6� fBq� >� # �- �����&#� v6�D6� F

#�- KI5� �� hRi	 �?@��� H(�>�� $�LB�"�� J�RI K�- F
#*A��F�# ^	��� �F�^	��� ��F�A5���.5 ���#� E�)2�.(
#�*A�+� F(�A"�"# $#�- *& 5	��W��q� $�� ��- K�I 5

�6�I�� ;8  * #�@B�� =6� #*A �� �� �$�LB"�?�T#� K�- F
J�#* # �A5TU�(�#5�� 7�61 ���� .A��)$�889� E# �F

E# (��n�"# �-��# �6B" (�� J�B��KI ��mRNA �$�LB�"�F
- #��� =�$�6�I�� ��# ��I* #�@B�� =6� K�I * �#� =�+  HK  #� 

(�6�V E�"5#��6B" F=! ?��Z (E�" �- �AvWF HK�- ��i0�
����#*�J�#*�� # ;���A5��?��@3�C  � (�>���� ����� "TU��� (�

���$�LB��"���- F���A#�RA $���� �6�I*�� #�@B�� =6���=V �� ���A
�$�6&)2�.(#�F�T# K����#�"I�	 �-��'N �- *��- 7�����+5

"��- ��6�$���) �#�d .# ���KW��q� FH��LBRe 7�Wqd 5
�*W��5�6�I�� E# * #�@B�� =6� �� (#��RA K�- $�LB�"���- F
��� �A5"*0C� $� ! �� K- J�#�# f�"�0� =��-' �� � *�& K

Z� ���� K��6�I��� �� =6�� *� #�@B�� # �� ����R0A#� F$��
+<- �CN$�"�0& $���) �*)22.(

oA 0m�W��q� FK�A�� �- 5�6B" �A5B	�* # �/���e ��
��65�6� �A5 y� #�	 ��6�I�� *d�� J*� #�@B�� =6�� K�I 
� �����i"� J�#*�� #� (�>���� ?��@��� K��I �#� =�+��  *�� �#*  '
�$�LB"��N F5)��5-�  K�N$�� �� �b�E�'�#* # �J���A5

TU�(�#5`�1�[�T# �$��� �.��"# (��I #* .
� hRi	$�LB�"�I �� F��K���A5TU��(�#5` K�- ��E# �

� J�#* #�?@���(�>�Hd�B-���# ���) F� ��#�- (*5�6YZ 
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���

)N	
: !�M���,/O�1' Y��C �� �/�b1�)OPG ( ��RANKL E1\�/O�1' �' �7 4�� �#	 �'�@ �* 2� )�#-(�"C �-� �@ .�4-�' c(�� � �/	 Y'
RANKE1\7/O�1' ��� �� 2� �* �/	 .E1\7/O�1' 9!��� � d/0� GU/� �� �M6� T��!��( ��N0�V  !' 2� �* �/	.

q" ���B" S�� �� �6$��9	 �B	�* # �6B" J�?�<� #� ��
$� *0: .���"6%� h�Ri	 ld#6�  K����� F��# ��"�� � ��A

 ��@ � K- #� $-�C��# �*�� �� K�: �6\ =�RA � K�&#� $�&6�
 5���R�- ����) ge�- H*& (�#� =�+  5��A *�0 �� $ 6�ne 

$� ��y00� ���))��.(

��F��i	���6^�"#(Osteoprotegerin)  :
^	����*W- F5J�#*� # �� ��D�Z ��A5��?�@ �(�>���H

�i	���6^�"#��"# F.^	����0$��# KI���" �� ��- F���k
�"�0&$����) (�#6 �T (��)�(* � ��A5Tumor Necrosis 

Factor (TNF)  K��"� *�0-5*�& )2�(.�i	���6^��"#��� F
���- ��A5 6)�� 6) $� Hf�Bd *�0 �� ��- =#6<��"# � K��=�

�$�6&)2GH24.(B1# ��LBRe $#�^	��� F�'i	 ���C� F��K
 #6<�"#$�$*&�- .

=�RA (*& l<+� KI �6\H #6<�"# (�6	 $E#��W	��$
-�L+	 F� #6<�"# ���- ?$'i	 ���w��	 =V K��� �$������.
#��� ��W� K��- K����-#� �6B��" Sq��" �� ����LBRe �� F����

�"_I6^�"# �"_-6^�"# � �A *0��A �A .�i	���6^�"#��- F

b'� �%� �"_:6^�"# ����W� E# $	��n�� 5�A 5����)6BN �A 
� (��: �	 ��N E�- h ��� #6<�"# (�6 ��� $�� $����))2k(

)?%��&�(.I6��� *��D ;��8 $# =#6<���"# ���^	����� F�FH���- 
$"��- �A�6� �� �A5 y� #�	 ��	 =V *�d�� J��� *�& *.��

#��6� F��W� �A�>�- �5�"_I6^�"# $I6�� �$=#6<��"# 
*& (*A�+� ,���E)2�.(

�i	���6^��"# (*�& K�T�0�& � o�C� ;�8  �- (�_e��� F
��'�6�6!5� �� H=#6<�"# �'�6�6!5�� �!6�6	5d��e $ ��'

�A��LBRe$�=V 5#�- �"�0& $��"# (*& .� ��$89	 �7�8
 �� �-5�6B" �A5B	�* # ���H#��) F�=#6�0e K�- (*� � �� J

�6�I��  �L� �- �8-��6B�" E6���6�V =���I ��C� b'$K�T�0�& 
*&)2�(.�- (�_e W��q� =VK5�� �- �6� 5�A  y� #�	 �J

�i	���6^�"# *d���HFh�Ri	 ��BI��� o� 7�6��V (�#*�N 
BI /��e�65�6- (�#� =�+  #� .# f���N K�L �K�I ��"�i0

I6���$���BI h��Ri	 � =#6<���"# �/����e �� oH���K�����
!6�6	���L$#���L� K�I *0���A "�� E���- o�A ��-$� *�00I

�A�6�I��5�qT �*W�� ���+�5*0 �� ���5H-����R5��A 5
-���C��#$E# (��n���"# H	�6I6I6B)��6L������"��  H�A*$��'��� F

RANK 

Mature OsteoclastOsteoclast
Precursor Osteoblast 

RANKL 

OPG 
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��#* # (�>�� � ?@�� 5�A �* #�@B�� =6� =��*C� �D� � 5E�@C& F���& 

���

BI�65=!����"# �6@RI �*� �#� .# *A#6�& �6�N� ��FK�I
)��6I�� (* �HI6� �� oA $=#6<��"# �7��*�1 �� o�A

d��e$E�- ;8  5�$*0IH#��D�� F�K�I ���I M��q� #� K
^	����BI F�*5!6�6	�� �� �A �� 5H�i	���6^�"#��"# F.

T#�#�"�i	���6^��"# K�I *�& (�#� =�+ �FHJ�#*� # �� 
���� ?@ �6B" (�> ��A5B	�*� # ��6�I��� (#��RA K�- �� =6��

* #�@B�� TU �� (�$�6& .# KN6	 f��N K�L  ��F�� �� K�I$
W��q�K5�A oA��6"� E�"5(Co-immunoprecipitation)H
889���� F�^	��� �� �A KI *0���� �R�"_� �� o�A �- F��'

� ���)$*00I)�a.(
W��q�K5�ARL	�B$# �� ��E F��'N K0 �� �- ���@	�# 7��F

�i	��� 6^�"#��6�I��� � F*� #�@B�� =6�� ���I ��L�&V #� .
�� =#�.+A�y��KI *0����� J�1�[�T# ;0L �$�-�# F��F

# � ��#� �6��N� �6��L�6� ������� F���#����& �� ;0L ��r
��'�!6�6�� J�#* # J�?@3� �� (�>�� $*�A� .o�A �0m�F
#�"� 7�@w# K- K�L  F�L+	 E# *W- KI *�#�& �� ?�r?T#� 

�6B"$=*& �#EV �=V�N �� ��� }LB~RI H=6T =���#*�;
#'N# K- � (��I �nZ #�5��# �Ln	 K���R  J$�6�&)��(.E#

�K��� �A5��# �.�89	 F��H=�L� �-�$Z�  �K- ��[	# ��T K
�i	���6^�"#��� �- F5�6�I�� * #�@B�� =6� �6- .(��n�"# �-

 I�	6  7�Wqd E#�# f��#��& ��nZ � �6�I��� F�f�"�0� r
���Z KWqd KI *& (�#� =�+  H��[	#5Z�  ��KA1 ��� ���

# b�i #�� F��"# ;0L �)��(.
*N��	*�# �� ��#'�) F���E F��	 FR�D K�0 ��� ���  *�|

��8�K5�A # KI �#� =�+  H?@d ��6�" z'N }LB~RI F$o�A 
�6�I�� =V KI ��#����8W # 5��"# .# �� �� =�+�  K�W��q� F

# KI *& (�#��}LB~RI F�$=#6<�"# * �� �� * #6	 #�E $�� 
*�0I ?�Re (*�00I ��*�9� ?��e =#60e K-H�6�@C- g�e�- 5

 #6<�"# 7��*1$�6& w�	 �- ���6B" �- ��A5"��\$ ��- 
#'���#�M���q� =�\���" *��D ?����e =#6��0e K��- E6����6�V ;
���))��(.

��6�y V�6����F�(Angiopoietin2) :
y V (�#6 ���T��6���6���F#�#� ���A56Y��e K��" $��� *0��&�- .

y V��6�����6���F�y V H��6�����6���F�y V ���6�����6���F�.
y V��6�6���F2- �6� �� �� =�$�� �]  K- � �6&$V��K�I *

y V K-�+���6�6���F� �� # $�"# )�2.(#�^	��� K" F�K�- F
I��+� �6�~"�$b�  K- �Tie � ?[�� $��@��` K�I * 6& "��

�6B" �A5B	�* # �- ���� =�$)��� .y V �+I��6�6���F���
��"���k 6)V =#60e K- #� =V �y V ����6�6���F���Tie 

��I M�q�)��.(y V u_T�- ��6�6���F�v#6� # r�"6	 K�I 
�6B��" ��A�- �������� =��$�6��&Hy V ��6�6������F���0	 ��� �C

�6B" �A5B	�* # �- ���� =�$���))�4.(
y V��6�6���F\ �� �A�"� ��W$#� E# ;0I �A5)�� ��� �

T*-�R$#')� *0 �� $��"�� H�A5-�C��# $�E# ����T �+  
d��e$$� 5E�- ;8  *00: .=V E# �N$�y V KI��6�6���F��

y V��6�6���F�� �- �I�	 ?�@$�Z�  K- =��L�I��+�� K$��- 
��5�Tie � ?[�� $y V ��LBRe H* 6&��6�6���F��� r8� 
�"��"�0& K$�	 ?-�8�� �w# RL��?)*�00I$/ 6)�� V ����$��- 
y V��6�6���F�"��- ?-�d $�"# .y V ��[	#��6�6���F�K�- 

�Tie H���8�#5�6n���� 6��	# �"_�=6autophosphorylation) (
� ��8� # � �6�~"����$�C  K�I ���� "� ��8- Hb�L9��"# g�e�-

�.m��~L$(quiescence) B	�* # �6B" �� ��$�� �� #� �6&$
��#� .y V��6�6���F�# �- � �L� F�b'H�6�~"� �Tie #��- #� 5

w�	 �9	 �A�0���)�#�d �$� ��C� $�R �B	�* # �6B" �	 *���
#�& ���d�- �6T 7�@w �- r$* �R- .
y V��6���6���F�=#6��0e K��- ��� ��[��	# (*��00I ����C� J

y V��6�6���F�/�Tie ?Re �$*0I C�	 ge�- ��?�#6e �w# ?
���W� #')� (*�00I $�� �� *�0Vascular Endothelial Growth 

Factor�� �- 5B	�* # �6B" �� ��$�6&)�4.(
-�y V =���6�6���F�6d��"��"# ����0I ��9	 .mRNA 
y V��6�6���F��6B�" �� ��A5�- 7��@w ��- K7�*� �����

�$6B" �� ��# �6&��A5T*- �#')� �- o$�>�- H���- =#'���
>�-�$E#-���A *A�& #� =V =��o)�G.("�I6��F�A5�*�W�� 

B	�*�� #���$*��0 �� Fibroblast Growth Factor-2, Tumor 
Necrosis Factor, Vascular Endothelial Growth Factor 

�$- *0 #6	�>�- =� 5y V��6�6���F��R  �8�# #� �*0.oA�0m�F
9� ?�#6e�q$�*W�� 5 �A *0 �� '���I6~$� H��'I6�B) =#'

 # ��6" �w# � >�-�I��AE#* #�B-�d F��*� �#� #� �.=*�&�#EV
y V��6�6���F��" H��W"B	�* #�- #� b6$(#6�) � (�6�R  7�@w

#�y V �6YZ KI �"# v6D6� F��6�6���F�K-�.m���~L$
B	�* # �6B"��� ���#�- #� =V � (�#� =�5#')� $�*N�(���V *
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���

�$�R �*.T#�#�" �y V KI (*& (�#� =�+  '��6�6���F��-ge
��U6n ��5#��6B" F�A�)E��`V ���-��C��# ��"�� J$��
�6B" �A5B	�* #� ���� '$*&�-)�k.(�$� =#6	�K�i )���5

- ���W	 KI ��I�y V F��6�6���F�y V ���6�6���F��nZ �- 
�# ��/��e ��iHw�	 �#'" K- �$���#� .

��" ���aa�<+� �& l�I *� V K�y��6�6�����F���
#* #J���A5��?�@3�6B�" (�>��� ��A5B	�*� # �TU �� �� (�

�$* 6& .�N$��6�I�� (#�RA KI*� #�@B�� =6� �� � ��"# 
E# ��RI�d� J��9	 fd�W�� K8��6B" J$=6�T ���) K-

� �#EV$�6&)��.(RL	 KW��q� �� �B$-K��CN (*��V ?�Re
"��-$-��# ��+ �� ��N o�A F5)���5K�I *�& (�#� =�+�  H

��1�[�T# ;0L �$-�` �� � ��#� �6N� �6L�6� �� F���
�6�I�� * #�@B�� =6� y V H��6�6���F�" �� ��6B�" o�"_�6�

` � �+���0� 7�6��1 K��-��� ��1�T J�#*�� # �� '��I�R�� �$
���$V�*.

oA 0m�7�6�1 K�- �6�L�6� �� K�I *�& (�#� =�+�  F
�N �� }LB~RI�V ��# (��I ���) =6T =��# ��F�6�I�� KI

* #�@B�� =6� ;8  �]��9� $#�- 5y V ��6��6���F�)*�0 �RA
 �� ��- ��w#5�6�I��� �(E��-5��$*�0I ��  HK�  ���K�- E�

W��q�K5�A-���+5�#� �)��.(

4�"�')#�J�#* # E6� :
"�')#�E6� J�#* # �A5��?@3(�>�� HRC� ;8  $�� oA 
E��"6RA ��"�� �� oA �A5-�C��# $d��e $E�- 5��$*�0I .

#�	 �- ?Re FB<�J�#* # ?��I KE# ���RI �� ��A ��d� J�K�8
 �9	 fd�W����"# (#�RA J�#�� F�Ki)��5� #� $*� #6	

 �"�')# K�I *&�- K�&#� (#�RA K-�J�#*� # E6� ��A5��?�@3
(�>��H�"�h�	�#*�-# � F$��	��� �� �"�� F$=*�& ���W� 
�6B" �A5B	�*� # ���"# ���- E# ?8���� ���1�T =! =�$

� 7�61$�����.
#�& ���rIn vivo E �#*W	 ���5���9� E# K�- ����d ��A

�8�#5"�')# �J�#* # E6� *0���A �A .^	�����F��A5-��C��# $
#'��N# *��0 ��5"���A H=���RB~RI o�����������#���" � F�H�A*

^	������F���A5����8W # 5@�����	 *��0 �� �� � F����@�� F��� �
��9� �A5��'�L$A H����	 *0 �� ��I6~$E# 7�W+�W+	 �

oA##��9	 ?�#6e F�*0��A (*00I J)4k34a(.

& ����#��rIn   vitro H	��I��& 7�@�R������$���� *0 � 
Calcium ionophore A23187 ��� �phorbol myristate 

acetate �#6� E#5#��L� KI *0��A "���EV ���;��A ��CN 
�8�#5"�')# �J�#* # E6� � �#�d (��n�"# ��6� �A$)�* �)4�H
4�.(E���"�#EV5���TU �J�#*�� # ����A5��?��@ ��� (�>����

=���� �A5��- �0$ ��#'��# ��CN '�� ;���6�I��� =#' =6��
* #�@B�� nT v6  �� =6T �# ���- F����R56�i	 ��- �'��J

��"���E#� �6���� V���- FKb��� 1-desamino-8-D-arginin 

vasopressin (DDAVP)���� 7�6���1 $��������)Ga.(��
;<- �A5*W- 5-���6� �� ��+ - v#6 #���R5*� #�@B�� =6� 

*& *A#6T g9-. �L��B1# b'$�"�')# �J�#*� # E6� ��A5
��?@3(�>�� H (*�& K�T�0�& E60A ��E# K��"� �� ���# ��

 6)V���# �� �A�T� ��# F�(*& K�T�0& ?* # .KI ��# (��)
 @���	 ?��&�A � F�������"# FH�\ E# #� �8�# ��#'��# ��;

�BI��6B" ?T#� o$� b�i # $*0A� .#�*� �� F����"�� J
�"�E# ��RI h4d��� �� #� K8$�&#� *A#6T .���6R���I�F

^	����0$# �� KI �"# ��� F�E��- ;�8  �5��$*�0I)G�(.
(*00I�8�# b�� (��) �# *0 �� �A$�n �E6 �V � F�F*0���A ��A

#'�# ge�- =�&�6YZ KI�;cyclic AMP (*�& �6B�" �� 
b#�V =*& �#EV KI6�9� �	��J�#* # 7��*�Z ��	 #� ��A�a

d��� �� K8$�&#� *A#6T )G�(.
d K�L �# KN6	 ?-�# �� �A KI �"�i0��� F��C  �A����� "

=*& ��W� K-Ral K�I �� Jsmall GTP-binding protein  
C�0� �"#$�$���))?%&2(.

�L$� E# �(�)* �A5"�')# �� M�q� KN6	 ��6� �# E6��F
J�#* # g9- H�A E�"�#EV 51�[��T# $e6�  K�- �$�]0	 �o
=V (*& � �A$*&�- .T#�#�"89	�8$�"�')# KI �#� =�+  �E6�
 �6�I�� * #�@B�� =6� � �$�LB"�� F$#'�i� �6�\ K�- *� #6	
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Evaluation of Weibel-Palade bodies role in  
von Willebrand Disease 
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Abstract 
Background and Objectives 
Weibel-Palade bodies (WPBs) are specific storage granules of vascular endothelial cells to 
which they are unique and for whose physiology they might play an important role.  
 
Materials and Methods 
We have reviewed the most recent literature published regarding the function of WPBs and 
their related proteins. 
 
Results 
Discrimination of WPBs from lysosomes drew scientists' attention to their biological 
importance. Furthermore, localization of the important proteins such as von Willebrand factor 
(vWF), P-selectin, and Osteoprotegerin has confirmed the critical role played by these 
organelles.  The content of WPBs can be very quickly available in case of vascular injuries 
suggesting that they could act as regulators of rapid vascular responses. Since the biogenesis of 
these granules depends on the presence of vWF, it would be interesting to know how the 
absence of vWF and WPBs would affect the function of other stored proteins. This situation 
which is present in von Willebrand Disease needs to be evaluated. 
 
Conclusions 
This review contributes to a better knowledge of WPBs biology and function. At the same 
time, further investigations have yet to be done to reveal the roles these organelles can play. 
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