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���	� 
��#./ M.!��� F/ N!G� ��>.�� KL�O"�	 ���; $;P"���" �� 
��44 *& )�#� Q�& ��# �.�? ��/ M�����LR	.>%.!��� �� �.K�L

�����" �� ���; ��6� O"�	 S��(��� ��+�, T,#���U>? �
*��& )�#�)�.(/.����>8!��� .�� K��L������;Y�������I%?�, Z8

�B	 F��[ ���"# K��"�>"N� ����,�;[�,���\���G��*��2�� 
��]�" �?8,�  $� K��& #� $��& .# \@�>!^#�/ M.���>8D#

���_U	 ����,�;[ �N!�� # Z��.��/ K��"�>"N� �F:���,MGUS 
)Monoclonal gammopathy of undetermined 

significance(� K2�^ $# �� F�[ ���& �� / M.���>8��.�#(
 D# �!>[ �#�`!"# (a� �� K" �>"N���%�$*&�/ .MGUS 

/ ��.D# T�*2�� J>9 .@�/ �85�# ��" ��� ��I$���&
 �� F/ �����;� */ �.>$�?8� F/ F]�/�� �.�#(�*�2�� ��
*G	 ��"�� K$=��� .�B	�\�G��*2�� / D# .F�/ N!�G� �#���>
MGUS Y�� D�� ��#�����;$�*,�& # �� F[�� ����D M�.�#(

 �/ �#�`!�"# (�a� K" �>"N�.D# T��*�2�� �� � )���/ 
� ��#��.F/ F!��+�5*2�� ,.� ($*"�)6Y�.(O"�!� M"

/.`+�	 :�0%? �� �#��>.cY��� ��"# ���" ��*�2�� 
/.@�/ M" �#��>84�Y*,�#� ��" �".)�F�/ �G��, ��!�"��

d".d" Y��!"��*.�#���� � ��!�"����D F�/ �G�, ��!"��*
 ��,D F/ �G�,/.# *J!�� �!+�/ M.��>8�$*%&�/)�(.
# -�"# �/�& e�, M.e�Y�$������? T�B, �#��	 ��?8

�%9$# e�f� �� #� ��M/.���>8���>, g��C� .D#N<��� H
h�#�< #�/ M.��>8$�� �#��	 F�/ ��?��� 8,#�`!�"# $F�/ 

�#�`!��"# i�j��  ���?8���k Y)���l� ��!��" �� A�J.!��. Z
,#�`!��"#$)��*��2�� (0!���U& �$���"��, Y�#�`!��"# $�

;[.�8�;[ m�"� �;< F/ .U+�	� �d�� YH.n%�" K��?8
;[.�8�E Y.o�; �. m��"� ��;< F�/ D�*�,�>�# ���/�;=.�� M

�����/ ���?�$;[ Y*��G[ *��%,�� ��. Y����U� ���,�d< Y p��;f � F
�?�����LR	�����.>%.����>,E Y$#(�����# Y������;[ qr����" T.H
����,�.)()�?�>����;[�L$(�� D�	�d����� M�����U�E T?����[ 

���;[�R!"#.����>, )����&# M)s34(.��/ D# .��#���� MY1���� 
0!�U&$��k ��,#�`!�"# A�J$H�l� ��	�# F�k��< M��M

/.��>8*%!�? )�Ys.(��� e�, Z�F�/ F�[ )*& ��#(= ���;
����.# ����,�;[�,�� q��&�	 :*��< K�����/�;=�,�>.� YM!��.K��L
������;8t.C&�	 �$��, .� )*$��&)�.(

��I%?�,8�?8��D����[ $��6��	��/ *2�� .,#��>$
�"�%& )D�	 F[$�)*�& � *�,#����	 s�/ *�2�� .��/ �#���>

/.�����>8����.��#� �����9� F!��+)��.(# ������/ M.Y�#�����>
/�9F�9�$/ �?.I,D �u �� �!+.0%" )�.# M�/�;=�,�>.F�[ M

�� ���/8�#���,�6�D���/ 8q:�D������[ �4��#� �#���fYF��/ 
�>�f �?8��:�D����[ �0 ��= K�B!%� �? �� ��"# )*)�6Y

�� Y�(.# �� ���M�#*��J	 ���98# D# �������I%?�, M8���?8
�D����[$#�#� F[8/ ���� .�!+8�$*%&�/� �[v$���=.

t (11;14) (q13;32)�& �w��	��/�9 MF��9$�!��� �� .K�L
���& � �"# ���;.�E e��5�	6�� *2�� $*�&�/ .��x# ��
#�/�9 e�, MF�9$�Y/.�" ���;U.MD1 y%	 D# .)*�& z��  H

#(�# F/ �I%� ��/ T.��" ���;U.MD1 �� $����=.��"�;U.M
D1 Y/FG] ��].J$��	 �wD�� D# ��;" ��G< *,�� )*%%[G1

D�� F/S�B	 F �{ �� .��;�" H$��$# ��x# �� � *�&�/ �� M
/�9F�9$� �{ ��;" F$�<��" �D��� ��#� ��;�" � F�!��
_U	.� �$���=.�E D# �9$�K�" �>�"N� F[Y��;�" $\N���[ 
�>	�(�F!�� (end stage)�$/ |� *&�/ FG] ��].�J$_U	�.�

�� �&#� *?#�`,$# �x# �� �/�9 MF�9$��D����[ $Y��;" 
_U	 )���E./ � �I/�, �.��>8� #D$���=)�4Y��.(/.��CD19 

��CD20 u�������� �/ 8K�"�>"N� ��?8� Z�{�[ }���/ 
/�9F�9$�t (11;14)�"# )#�>? .��;" �� �?8�������;$�Y

CD19 �CD20 �// H?.>, ��$/ :*�< � *,�& �. ��CD19 Y
�U$)#� D# �?8�� ��;" 1#�!�# �G] K�"�>"N� D# ���;.�J$

�"# .��/ ��;�" ~N�  ��?8�������;$�Y��;�" �� ��?8
��? :��!+��,*�#��/ �[����� ����.��� ��$*,���& .��;��" ���?8

������;$�CD19+ ��CD20+ �/ \�G��t t (4;11)� ��o�;L �.*8
��/ ���# *%!��? )#�>? / |�U<.!��� ��/ �#���>.�� K�L�����;Y

CD19-YCD20-�CD27-��{� \�G��t t (4;14) ��t (14;16) 
� ��o�;L.*8� �!>[ $*%&�/)�5.(

t (4;14) (p16;q32) �� �5/ *2�� .!��� �#��>.�� KL����;
 � ��$?��/ � *�� �.Tl=E�$*/8�"# )#�>? ./�9F��9$�

t (4;14) �y%	 F/ �I%� .#(�# H��+$=.)*�,��*�&� ��![��� 
�.���"N/��G)FGFR3 (��u���?8MMSET )Multiple 

Myeloma SET domain(�$����= .# F�[ )*�& �#��%< �� M
/�9F�9$�y%	 D# �� \@�>!^# .���  H/ �*�& z�.��TACC3 

)Transforming Acidic Coiled Coil Containing gene(Y
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 �/$��I%?�, 8�?8:�D����[ ��� �.Tl=E$/ */ .��>8
*�&�/ F!�&#� T�B,)�sY��Y�4.(�/�9 F��9$�t (14;16) 

(q32.3;q23) �� 5���	 ��/ *��2�� .!��� �#����>.�� K��L������;
�"�%&$��y%	 D# F�/ ��I%� � ��"# )*�& .� H�*�& z��

 �u�U,#�	���C-maf �$���=.C-maf ��,�� ��![�� Z��$
basic zipper�/ �� F[ �"# .��8E�� D# ��?*%8�����;" F$

��	 \N_�.*IL-6 ��#� TB, .)�N< #��/�MY�,�� ��![��� ���$
��;"T,.� m��^ F/ ($E�*)��Y�4.(

t (6;14) (p21;q32)=�� .��� )*�%%[�.��" ��;U.MD3 �� 
���>?# F[ )��/ ���;.# ���� M.�"# F! �" �#*%{ �� #� �.

��>? \NGf F[ ��] ��" Y*�& )���E �;U.MD1 �� �5��	 6�
/ *2��.�� �#��>����;$�&.�� F!&#� e�$&./�9 e�F��9$�

t (6;14) (p21;q32) Y��*��^\#��5�� ��#���� *��2�� ������;
 �"# )*& )*?�+�.#�/�9 MF�9$�F�/ ��I%� ��"# M�U>� 

�I,D -���[�� A�����I��.0%��" )�.���/ MMUM1/IRF4 
)multiple myeloma oncogene 1/interferon regulatory 

factor 4(#(�# ��/ T.R	��� ��.���= M)�4.(
t (9;14)(p13;q32),./ �� (.�#��>$����;����/.[*,# ��$
�"# )*& )*?�+� .#�/�9 MF�9$�y%	 D# F/ �I%� .z���  H

�u �*�����&PAX-5 ��9p13 :������d%� ������/ � )*�����& 
���"�>"N��o�!.*/��/�;=��[��.>%��.�8)#���>? :��!+��,*�#� 

�"#)�4.(

�"N[�R!"#Y�"N/�R!"# ��`	 (,u�	�� ��#�`!"# p:
C�.�;>� �#�`!"# (a� OD#��;�" ��?8%/�.��8t ��.�

%/.��8��?��U;>< � ��+%� �/ 8��"# A���d!� )��.(K�><
��	.;C	 � H.,#�`!"# K$/FG] ��].J$/F	�	 �. O�"�	 p

�"N/�R!"# �?�"N[�R!"# ��� A���2 �?$������)6�.(
�"N7�R!"# )*%%7 m�9 F7 �?))*�%%7 p���`	 (�#�`!�"#

Y*%!�? ��;" �?$�F!�? *%{ � ��(/ #8��$D# F�[ *%�&�/
�.�?D�!+8D��,�  (STRO-1-,CD34+)$�� �!+�� � *,��&

F �& �."�%� )�� D# 8#/� u����7��$/*%�&�)66Y6�.(�/F
��.# K�M/ F[ F� ��].(�u��� �� ;C	 K�>< Z�.,#�`!�"# K$

�"# �"N[�R!"# F/ m��%�Y/.�!+�J��r� MF��? ��/ ��8
��.�?�8��J� D�"8�?��![�� �8�*�& ���J� �� K�>!C� 
�E ���?������>!� �����"# )*��& (��[�>!� �*��& ()6s36�Y4.(

�"N[�R!"# �?��;" D# �?8%/�.��8�	 ��C	 D���,�  x�.�
�?��![��8� )�� ��#� #*!/# Y�*J!� .o�;.*8)*& F�/ |L" �
o�%� )��.*8*�G	 ��� K$�l, �� � *,��& �� ��"N[�R!"# �
$��� *��,��=)6�Y��.(��J��r�F$����?���/ F��[ 8�� ���>	 �(

�"N[�R!"# )*�& :��I,# ��?Y���	 ��/ \��G��t �#(��# � w�T
�.T�?D�"8!"N[�R!"# $F�!��= A���2 �"N[�R!"# F/

���"#)��Y6�Y65Y.(RANK YCD44 YADAM12 YCD9 
�DC-STAMP �� T& ��� ��= �+t )*,�$��/ F�[ *%�&�/ 
��8��;" �?8�*,� �!.)*�& c`+� Z�/ � *�,# F�"�.F;

�"N[�R!"# �?)��?u����[�� F, (��/./ �� �. �� ��$*,��&)4.(
����?�[���82�j���! # $!���"N[�R!"# $CD51 YCD54 Y

CD68 YTRAP(5b)�	����� ���!� |UD����R	����� MMP-9 
*%!�?)��Y�.(� D#�� �0�=�$�?8�"N[�R!"# A���G< �? 

�� ���^ D#�)*,� �?8��!U,��!.YM��L	�[.MK�@��R[#� Y
ATPase ���,�[ �?8Chlorid-7 �$*�&�/ .[�	.�G$# D# ��M

��=�$�?Y�"N[�R!"# F�/ �j�C%� ��U;>< F/ (lI� #� �?
m����9 ������);C	���.K(,#�`!���"# $���� $*���%[)6�Ys.(
���"N/�R!"# K'��& ���? � )����/ �#�`!��"# )*��%?� ���y, D#

�,�>�#�	�%�������YCD34-�STRO-1+D# F����7 *%!�����? 
�.T�?D�"8$�� �!+�� ��"N/�R!"# ���G	�# �� � *,��&

 ��;" �/ ���(, �?8� �����!"# $*%�&�/ .��"N[�R!"# ��? 
K.Gf D# D��,�  *&� 8�?��!7��M-CSF )���C� ��!7���

�������7�� $,����;7u(YG-CSF )$,����;7 �����C� ��!7�����
�."���,#�= (�GM-CSF YIL-1 �IL-6 $� q&�	 #� *�%%7 

�#���� �8y,��. �b-FGF YBone morphogenetic protein 

(BMP)-2 �VEGF1��;���" M����# *���&� �����	 #� ����?�w
$� *%+`/)��3�6.(�"N/�R!"# )*%%7 ��l� 8�?��!7�� �?

 *%,�� D��,�  ��;" F �{TGF-β	 #� $� q&� *�%%7)4�3
�� .( 

!��� ��.�� K��L������;Y��/ �����J	 .���"N[�R!"# M� ���?
�"N/�R!"# �?/ D#.��R!"# � F!�� M.��U&E (8��#� ���9� 

�`	 F���/ ����I%� F���[����,#�`!���"# p$����%/.�#�����>
�$���=)6�.(Hl� )D���# �	�y%	 M.)*%%[ H�?8D��"D�/ 8�

��	." #� �#�`!�"# H�.H!�RANK/RANKL/OPG �#��%< 
�$*%%[ )�.(qr" T?�[OPG (Ostoprotegrin)�#(�#�T

�G����,RANKL F���/ OPGY�*���& �����J� F���/ ����I%� 
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FG%9 �� � $��;" 8�?HI, � ���/E *.J" ���;��� KL.!��� $��'� $7�" M�*�# 

���

�"N[�R!"# �`	 � �?�,#�`!"# p$��$����=)46.( #�.\#�
;2# )��= F"$)*�%%[�B�# �#�%< F/ �?��![�� D# ��?8;�2#$
��"N[�R!"# ��? K���&RANKL (receptor activator of 

nuclear factor ligand) YMIP-1α&β (chemokines 

macrophage inflammatory protein) �SDF-1α (Stromal 

derived factor - 1α)F! �%���& ������;��� K���L.!��� ��
)*& *,#)46.(
��.�#(IL-6= �.)*�,� 2�j�! #$�ECD126 :��" �� 

/.�#��> !��� F/ N!G�.�� KL����;$�#(�# �� ��+, T$*?�.IL-

6��;" O"�	 �?8��	 �#�`!"# (a� �����!"# .�� *$���&
 ��#��/ *�&� ��![�� Z8��"N[�R!"# ��;�" � ��? ��?8
������;$��� m��^ F/$E��_U	 H�? F�[ *�.��E��B�# #� ��?
�$# �� D�!���E w,�� H? � �D�"���;" M�� �?$����= .��x#

 )*><IL-6 #(��# ��� T.T�?D��"8!�"N[�R!"# $(�a� �� 
�#�`!"# �"# )��Y6.()�#� ��+, )*& ��J� � �#*J	 F[�.�

�"N/�R!"# ��;�" ����I� Q�r�" �� ��? ��?8�������;$�
�"# F!&#� T?�[ .��.�Wnt �� Y.� �.:�,�"�$;�2# $��

�"N/�R!"# � �?$� m�[�" � *&�/.:�,�"�$Wnt Y��I%�
�"N/�R!"# ��U;>< T?�[ F/� �?$���=)46(.

�� FJ��r� #8��;�" F�[ )*�& )�#� ��+�, ��?8%/�.��8
+,#(�., �#�`!"# (a� ��>./ �� (.!��� �#���>.�� K�L�����;$�

���I%?�, ��{�8*%!��? )4�.(,#�	��,$��"N/�R!"# �� ��?
��	.�k H�� A�J$!, �� *,#�	.,�U� FI.H��?8�/ )*& �B�# F
"�.;�K"�>"N� F�?8 */ ." \N_�� *�&�/ H.�	�! F!.��.�7 
B!��."# *k H��"N/�R! �/ ��? F�"�.F;Fas-L �� ��)*�,�
TNF /./ )*& �� F"�.��;" F;�?8������;$�YD��!���E�|

�E �� #� ���� ����B�# ����?$�D����")4.(RANKL qr���" ��
�"N/�R!"# ��;" � �? �?8/ �#�`!�"# (�a� �����!"# �.��

�$�/ T%U>?��/ � ��&.MRANKL �E ��!L�"� �RANK 
)/ ���? ���"N[�R!"# qr��"�/ F��[��.��� ��$����&(U+��	 Y.K

�"N[�R!"# ;C	 � �? �. ,#�`!�"# K$�C	 #� ���� Z$*�%[.
OPG ���;�" O�"�	 F�[ ��"# ���;C� ��!L�"� Z��?8

�"N/�R!"# � �#�`!"# (a� �����!"# �� q&�	 �?$� ���&
 F��/RANKL Kj��!� )*��& F��/ �E ��j��	# D# �RANK Y

�/ �J,�>� F�� K�><$���E .�/ T%U>?��/.MRANKL ��/ 
RANK #�/ 8U+	 .K��J� �.�"N[�R!"# �� �"# Hl� �?

 O��"�	 ����l�OPG Y;C	 ����l� F��/ ���I%���. �#�`!��"# K
�$���=)K'&�()6s.(

/E	�:��$&
�45! ]1k�2�� C) &� �)4W7!) �N� �� �7��� �)������ /6
��45&
.��,: �4:� &RANK .!0l4O7!) m!4- � �2 ���� �P$�Y
P1 &
RANKL ��!���5.!0�4O7!) � �Z�A �2&�$��U.)
?�P F �� �#1� ?�n-) (C�P!�P;�� &RP� ��2���P�Q�$�P!�&?45P! �� �P2��Pf$ ��4P� 

�&�4	.�U��7�4O7!)
()OPG (���l4-) M�4=
.!0�4O7!) m!4- (� \	�- �2&�� � �4	RANKL � /n7� &�� � ���U
?�nP-) C) M�4= (
���7GRANK �� RANKL � . $��� &�1l .5!?4�2���
��45&
� �� ���RANKL �� ?�n-) �RANK Do` �� �OPG Pc� �m)P��� �BP!)� P� ��

o�
�� V�W� ��$�
1 &CD138 ( � ��	 ?� F ���.!0l4O7!) �7G � D�: C) � �$�)� ]�$ �2
� �� �Y�;�� ��&�P2�47l�F �,p C) ��P11l��H� P�/
sFRP-2%R��� ��Q�$�!�&Wnt/β-Cat�� )� .!0�4O7!) ��H� �2&���$
�1.
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���

J��r�F8�? ,u�	�� .*9 Z����/ *��8��;�" ��?8�������;
 � ��+,$K" �>"N� F[ *?� �?8 */ .HY�,#�	 $���>	 �F�/ (
��;" ��?8� �� ���J� ��"N[�R!"# FG�& ���C� (.(�a� O

B!��� � *,�#� #� �#�`!"#.;C	 �� \�> �. �[��& �#�`!�"# K
�$*%%[)4.(� �#�%<$!��� F[ ��&.�� KL�����;YD��!���E �|

�"N/�R!"# �E :�#*�� ��#� �#��f h�J� �� �/ #� �? �� ��?
@�����/ �����y;t ������%[8TNFαYINFγYIL-1βYIL-6 �

��U��� �?8ICAM1/LFA1� :�I,# $*?�)6�.(

$>�;[ �L��?:
/ ��.�� �#����>������;$�;��2# ���;< Y$�?�>���;[�L$Y

�?����	 ��!�=8�`	 )*%%[�B�# �,#�`!"# p$�"# .#��M
*��#(�# pG" F/ \�	*>< )*�;C	 T.,#�`!�"# K$�/F�"�.F;
".[�!.M�?8)�B���/ #8��;�" O�"�	 F�[ ��?8�������;$�
)�� ��9��BM ( q&�	�/ �.� ��$*,��& �� � O�"�	 ����0

��;" �?8��C� (.#(�# O�/ T.�� ���><# Y*,�#� ��$���& .
�?�>�;[�L$�&�w�	�M�/ F!"� �E �� F!��.��>#� �������;$�

���!=�(/ ������	 H��I^ F��[ ���"#8*��,�#� ./.���/ �#����>
�?�>���;[�L$�� ���;< F��/ �/ ~N ���/ �����;.���/ �#����>
�?�>�;[�L$�#��>? Y�?����	 pG" F/ 8F�/ \@��>J� Y���	 

	��[ �/ �����.o��!"#�U./ �?* F� �"�� �<�"$F�[ *�%?�
#�� ��# M$�" m�[�" *,#�	��?����	 *&� w8�������;$�

� O"�	*&�/ ��#)64.(

M.[�!." M��[�>[ Y�? �? M.[���!%�# � �?:
(a� #�#� �;< F/ �#�`!"# �?��![�� ���/8Yp�"�%� F�,
C� ���l%	.��r$_U	 � *��&� ���l9 p��"�%� ��.��;��" ����?8

������;$�� �� */ �0.>$�?8!o���	�>? .� Z$F�U;/ *&�/
#�/8�/.��8�?����	 D# 8��]�" *%,�� ���	 ��?8�".� F%

, A�!��"�����.#���& (���� H?#���� #� *��&� O$�D���")6�.(
��;" �?8������;$�Y".[�!.M�?8��#D8)�B��/ #8K���& 

VEGFYbFGF YHGF�,EY �!o�����.!,���R!��"# � M.Mq��&�	 
$� *%%7 # ���� M.#(�# K��,#� T.� 1��< F!��#�`!"# (a� (
# ���/ M.�"# �#��>)44Y6�.(

)�� �?8�� ��;" ����;$�@��/ qr" $��� D# �)*�,� ��?8
�[�>[�K_� MCXCR3 YCXCR4 YCCR1 YCCR5 �CCR6 

/ #�.� ��$*%%[)65.(��;" �?8������;$�R	��� .MSDF1-α

��!L���"� ��ECXCR4 / ����;!`� Q�r���" �� #� ���. ��
�$�>,�*%)45.(*&� ��;" �?8������;$�/Fq�&�	 Fr�"#�

�[�	#��[#��� � M�MIL-6 Fr"#� �=8�$&��	 � ��.*IL-6 
��;" D# �?8������;$�/F�"�.F;IL-1 ���C	 ���ZCD40 

#(�#�� T$�*/� ��	 F/ �I%� ���[�	# w��� *�&� M$���&.
IL-6 �/ ��8��;" �?8������;$��!,E A#��x# $	�!���E �. Z

*/ � ��#���] M�_U	 � ��B/ ��.��;�" ���?8�������;$�#�
#(���#���� T$*��?� )4�.(��	��.�[#����� *�MIL-6 O��"�	 
��;" �?8� �#�`!"# (a� �����!"# $��	 D# |� F[ *&�/.*Y

��;" F/�� �?����;$���= Kj!� ��B�# � )*8�.� :�$�>, ��*.
IL-6 �,u�!"N[�R!"# ��![�� Z.#�/ )�B��/ Z8�.�?D��+8

!"N[�R!"#$�"# )65.(
��;��" ���?8��������;$���# ��./ D# )*��& F��!��= F.�#����>

������;$�!?Kf#*^ � *%!�? �u��5D�J>9 �.��;!`� �
	�%� �y, D#.L$J	..*,# )*& M:

�3MPC-1- CD45+ CD49e- (immature)  
63MPC-1- CD45- CD49e- (immature) 
�3(intermediate)  MPC-1+ CD45- CD49e-

43MPC-1+ CD45+ CD49e- (intermediate) 
53MPC-1+ CD45+ CD49e+ (mature)   

� ��.�# ����;" M�?Y��;" �l%	 �?8������;$�MPC-1-

CD45+ CD49e-� }��/�, $B!�� *%,#�	.F�/ ��"�� �� \�>IL-6 
_U	���. ��B/ � *���%/����.���>, F$*���%,#�	)4s.(IL-6 �IGF-1 

�?��![��8;2# $�� *&� ����;$�� *%!��? rIL-6 YHGF �
HB-EGF Y�B/8)�� �?8,��,# $�� ��;" ����;$�F!�/#� #� 

F/ ��� ���^IGF-1 �[�	# �Fr�"#� M��=8��$�� *�%%[
	��2$��J� F[.�APRIL [�	�, .# p�, F,�= M.��)4�.(
���)*��,� ���?8IGF-1 O��"�	 IL-6�d���� ���� F;$� *,���&

��U>?8IL-6 �IGF-1 >l� TB, H? �/ $��B/ � *&� �� 8
��;" )�� �?8������;$���;" ���?8/ D# F;�2�^ .�#���>

*,�#�)4�.(
�>;< ��#*$� �#�%< $F�[ *�%[IL-3 �>l� T�B, $��
y%	.U+	 H./ �� �#�`!"# � �" � K.��>8!��� .�� KL�����;
D�/8�$*%[ .�>�"N�8/ D# K�2�^ �#�`!�"# (�a� .�#���>
������;$�Y�>	 �� ��l� #� �"N/�R!"# ($# � *�%[ �� #� ��x# M
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FG%9 �� � $��;" 8�?HI, � ���/E *.J" ���;��� KL.!��� $��'� $7�" M�*�# 

���

�$�!,E D# )��d!�"# �/ �#�	$���/8�_%  $)*�%%[ IL-3 ���l� 
��>,��)6s.(��"�	�L? *��&� ��![����.��;��" O��"�	 ����?8
������;$���	 .� *$/ :�" �� � ��&.!��� F�/ N!G� �#��>.K�L
���#(�# ���;��� T$�qr�" � *�/�HGF *�/ D��%=��� ��/ 8

�"# )#�>? .��" �y;t$#����U< �G��, ��![��� M$��/ 
���U�E qr".,#�`!�"# D�	�d��� M$# �� ��/ M.� ��#� �#���>

/.��B, )*%%[ THGF / �� .��>8,#�`!"# $����"# ���; .��
�	.�# *�YF!d= M"�	�L? *&� ��![�� F[ )*& c`+�.�� �

(,u�!"N/�R!"# ��l��/ )*& �B�# |FFr"#�BMP )�N�< �
# �/�/ M.�?��![�� ��8�,�� ��$Runx1 �Osterix)\�	*><

" D# �����	 ����l� ���/.F!���? F��/ H��"N��!SMADs ( T��B,
��#�)6s.(#(= F�[ )*�& ��DKK1 (Dickkopf) YU+�	.K

;C	 � �"N[�R!"#.,#�`!"# K$��DE �� ��#(��# #� )�0+�T
�$�I	 � *?��" (.>!�.!,E Z$���/8��?8*�k DKK1 Y

U+	.�*�� �*/ �� #� �"N[�R!"# K��?8�&�� $/.���>8
!���.�� KL�� ��l� ���;$�D�")64.(

K"�>"N� �?8�������;$�Y� )*�%%[��l� �.:�,��"�$Wnt 
�%J$DKK1 �� q�&�	 #� $*�%%[ )6�.(�>�"N� K�" 8��? 

/ �#�`!"#(a�.�� �#��>����;$�YVEGF / #� .�� ��$�� *�%%[
��^$F[VEGFR-1 �VEGFR-2 /FF�y^N� K/�f ��] #8
��BMSC #(�# �?�� T$��� �#��%< F�[ *�%/�$��� *�%[.�

�[#����Fr"#� M�=8��;�" O�"�	 )*�& ��?8�����!�"# 
VEGF q&�	 � )*& ��J� IL-6 �E ��%[ �� ���J� \�Gf�J!� �?

 K"�>"N� �*& � �I%� #� �?$���& .!��� ��.�� K�L�����;8
����J�Y# F��[ )*��& )*?�+��� �:�����(VEGF-A��/ F��"�.F;

K"�>"N� ��	 �?.� *$#(�# � ��&�/ T.��VEGFR-2 �/ #� F
"�.� F;�((�a� 1��< �#�`!�"#VEGFR-1 � O�"�	 ���0

��;��" ���?8#q��&�	 Y�����!��"VEGF-C �VEGF-D��/ F
��"�.��;��" F; ���?8!���? *?���& �����!��"# .H)4�.(IL-8 
B!��.�>	 \�>���;" (�?8F!�? Z	 #8C� ��  .r$����,# 

�C	 �"N[�R!"# �>" F/ #��� Z$*%[.�E D# ��9$�F�[ 
/.��I%?�, ��CD28 �/ ��8��;" �?8���D�!�"�!� ��/ ����;

��#� ����G	�#Y#������? ����U�# MF��[ �IL-8+��B, $�� #� 
D�!"�!���� |�*�&�/ F!�&#� ���;)65.(IL-6 )*�&� ��![���
;2#$������; (�$��	 *,#�	.*MCP-1 !��� �� #� .�� KL�����;
#(�#�*?� T)65.(

$Cr" 8�?�[���:
CD19)#�>? F/)CD81(TAPA-1YLeu13YCR2 (CD21) 

�� ��B!,# |U;L>[ Z.U+	 #� :�.� K$*?�)5�.(��>? ��]
 F[f\NG��= �[v �Y*�#*�B�CD19�B	 �� �/ :��>	 \��G.�#���>
������;$��� )*?�+�� $�#��%< F�/ � ���& ��c ��& Z

 */.>$F! �%& K"�>"N� $����=.G] K�" �>�"N�.�J$
�#*B�8/.��CD19 ��#� )Jk.���;" D# �	 �?8B(��#�Z

D��J>9./ *�f�� F[ �"# MU>� ��.��CD19 *�&�/ )�5.(
J��r�F8�? _U	 F[ �"# )�#� ��+, )*& :�I,# �.��? )�� �8
��;"$������;$�/�.)*�%%[ ��CD19 Y��In vitro T?��[ 

�"# F!&#�.#�/�%/�!��� �� M.�� KL�# ����; �� ���U�# M���9�
 ��#� F[CD19 �m�[�" Z*�&�/ ����	 )*%%[)5�.(CD27 

�)�]�  c �& Z#8/ F[ �"# .��;" F/ �E �� �?8(�[�� 
��u.Y��% ��;" �?8)�]�  #8K"�>"N� ��"# ��*C� �? .
J��r�F8�? /�.�,u ��$��/ ��8K�"�>"N� ��?8� �����, 

��;��" ���?8��������;$�YCD27 �#���%< F��/ #� ���U$D#
c ���& ���	��u M���?8��;��" �� )*��,�� ���"� D# ���?8

������;$�� ��+, $*?� .�=# , F�{.�>$!��� D# .�� K�L�����;
CD27 � ��+, #� $/ � *%?� �. �� ��/ �E ��.T�l=E$��!l/ 8

���"# )#���>? ./��. ��CD27� ���/ ��./ ���+.����>8���"� D# 
�$���)�5.(CD28  �2�j! # c �& Z$��;" T�"# 

/�, F[F��;" )*>< O"�	 �9 �?8���/ ����; �. �� ��$� ���&
#���^ �� M$F[ �"# CD28K"�>"N� O"�	 ��?8�����, 
/��.��>, ��$����& .��;��" ���?8��������;$����U$[ D# Z��>
���)*��,� ���?8CD28 ���%J$CD86)F��,CD80 (/ #���. ��
�$*%%[)�5.(CD33 ��;" �?8������;$�l	�.D# )*�& F��

!��� ��#���� *��2��.�� K��L�Y�����; CD33 F��[ #� ��� �[����� Z
�.o�;.*8/ �"# �.�� ��$*�%%[.# ��/ )�N�< �� ��;�" M��?

u�������8�"�%� �o�!.�� F!�? �/ *.*�,�#� )����  �.IL-6 
/.��CD33 �J/ �� #� $��;" :�>	 F, ��?8�������;$���

y%	 �#�`!"# (a�.�� H$*�%[ .#(��#���y;t TIL-6 /�.��
CD33���/ #� ��8��;��" qr��" ���?8��������;$�T?���[ 

�$*?�.IL-6��*�& ��JMYC �� ��B�# #� $Y�D��" ��j�	#
2�j��! #$MYC^�, F��/ ��. �u ����	����� FCEBPA �
/ m�[�".�u ��CEBPA YF/ �I%� y%	 .+?�[ H$/.�u ��

CD33 �$����=.��.O�"�	 )*�& ��B�# :�IL-6 Y���.�?�8
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���

STAT3 �MAPK �� ���J� #� $Y�D��"STAT3)���� F�,.�
MAPK (������/ T?����[ �����. ��CD33 O���"�	 IL-6 

�$*&�/)56.(? ���9� F[ )*& )�#� ��+,.���,�����)HA(
C� ��.OY_U	 � ��B/ �. ��;�" ���?8�������;$�#(��# #� �T

�$�� � *?$�E ��;< �#�	 T%U>?��/ #�HA ��!L�"� ��/ 
HA)CD44 (�/��8��;" ��?8�������;$����,#� )6�.(

[�#*���$F��[ ��#� ����9� CD44 F��/ OPN,��. Kj��!� (
�$��&)5�.(/�.��CD45 ��/ ��8��;�" ��?8�������;$�

�� Y ���,#8��;" �?8������;$���#(�= }���/ F, � }��/�, 
��"# )*& .��=# ���U��� F�{ CD45 ���/ 8:��>	 qr�" 

��;" �?8K"�>"N� � D��,�  / �?.� ��$��+�, ���# Y��&
 / F[ )*& )�#�.�/ �E �� ��8��;" ��?8�������;8��# �.� F

)�� �?8��;" $a!� \N��[ .�"# �.� �#�%<$/ F�[ ��& �. �!+
��;" �?8������;$�YCD45 / #� .>, ��$�#*�B� F�U;/ *�%%[
>[$}��/�, ��;" MCP-1-��#*B� 8��;�" MCP-1+#��M

/ #� �[���.� ��$*�%%[ .�C� ��.*�f�� OIL-6 Y��;�" ��?8
������;$�MCP-1-�CD45-/ �G�, ��;" F��?8MCP-1-

�CD45-�" �w� D�!���E ��{� �	$� �#�%< F[ *,�&$*�%[
��;��" ���?8��������;$�MCP-1-�CD45-Y,.*��%�D�IL-6 
*%!�?)54.(=��.�� �*& ��)*,�!,E$��;�" �uB)BCR (

 !,E �/$��/8�?8*kIgM Y�I%� F/,#� #��$�*& ��J� �
)�#�,��� Src ���%J$LynYFyn �Blk��� $�����= ._U	��. �
��;" �?8B*f�� CD45 �C	 F�/ �"�� �� ���!,E Z$IgM 

>, A��2$=.��;" ��;/ � ��T	 �� .���{� ���� -�>
 ��j��B,CD45 8#�#� Y���"# �N!�� #.#���c��B, M��? �� �
"�d%�.�,#�	�, �;< F/ �?$����[ ��J� �� PTKs )�#�,��  

Src�����"# )55.(������U��� F����{�=#CD45�����/ ��8
K�"�>"N� ��;��" � ��? ��?8B/��. �� ��$/ ���# ����&��. �!+

��;" �?8������;$�� �"� D# #� �E $*%?�.# �/ )�N< �� M
��;" �?8������;$�/.)*�%%[ ��CD45 YCD45RO F�, � #� 

CD45RA #�/.� ��$	���2 �� *�%%[$K�"�>"N� F�[ ��?
CD45RA/ #� ���.���� ��$F���, *���%%[CD45RO #�)54.(
��U��� ��?8=*%G��{ $��;�" $)CD56YCD54YCD29, 

CD18 ( K"�>"N� O"�	 �?8������;$�/.� ��$*,�&)5�.(
��;" �� �?8��,�  D���,# Y/.��CD138 K"�>"N� F/��?
 ��;�" ����?8��������;$���*�C� ���"# .K��"�>"N� ���?8

	�!���E. */ � ����, Z.HY/.# �� �� ��"� D# #� ���U��� M
�$*%?� .K"�>"N� :�>	 ��?8 *�/ .�����, � HYCD138 �

CD38 / #� .� ��$*%%[ . �/$)�� D# ��?8��;�" $D# �!+�� 
/.�� �#��>�����;$���;�" Y��?8�� )�� �, ����; �. F�U;/ *%!�

)�� ���?8��;��" B��/ )*��& :��d���,#�	 F���".F;EBV 
�$*%&�/)�5.(CD138�� �/ ��!L"� Z.#��/ H[ K8bFGF 
�$*J	 � *&�/�K��;�" *�&� )*�%%[$��B/ �8��;�" ��?8
������;$�� F�/ F�[ �"# �.@��/ �#($���;�" O�"�	 ��?8
���������;$�/���.���� ��$�����&)45Y44.(����?� D����,#��L?

�*&syndecan-1(CD138) ;=�R	��� A�d��" �#��L? .#� ��U
 qr" D#��;" �?8,�]�" $#(�# �� T$*?� .#��D# K�>< M

�]�#(�# ���d�� T�"N.��ERK /F:��I,# D�,#��L? Fr"#�
�$#(�# F/ �I%� F[ ��&�/ T.��MMP-9)�*�& �?� K��<

syndecan-1 (�$���& .#(��#��*�& ��?� Tsyndecan-1 D# 
/ �y,.u����U$;=�R	��� F[ #�{ �"# Hl� .Y)*�& ��?� ��U

 f�/ ��J�$�$� � *,��$�?��U;>< *,#�	8�"� .J$Gf D# �.K
�[�>[ w>I	 YD�!"�!� � ����	 *&��M��? ������ � ���G< 

"�[��.�x�	 �C	 #� �?.*?� �#�f �.#�/�%/�a	 M..� �� �.�#(
syndecan-1 ��;�" qr�" D# )*�& �?� Y�C� �� .A#��x# O

u���	����>l� Z$��#� )5s.(D�# ��/�$CD138 f��.���	�M
I%���" �� ���K���"�>"N� T����?8�#�`!���"# (���a� 

�$*&�/)5�.(CD221������,# *&� ��![�� )*,�.M�Z���
IGF-1R ��#� :�, .�#*B� F[ )*& �#�%<CD27 ��CD45 ���

#(�#�/ T.��CD221 � �/ .Tl=E$*/8��"# )#��>? .IGF-

1R)CD221 ( ��;" �� �?8�������;$��B� :��0%? ����/ F�
K"�>"N� �?8G].J$� �8![# .�/ Y� F�/�, ���]F/ ��9 �. ��

���$����& ././ qr��" ���/ �#����>��.@���/ ��8IGF-1R Y���B/8
)�	�[ �	8*,�#� .#(�#�/ T.��CD221 ��/ t (4;14) �#*�B� �

/.��CD45 �"# )#�>? )�5.(F�[ )*�& �#��%<IGF-1 ��Z
�B/ � *&� ��![��8!��� �� Hl� .�� KL��"# ���;)5�.(

B/ �� �x�� Y$,�"� :�.� 8�?�.���8$����;��� 8�? ��;" :
�� D#.�?��*� ���?��	�8([�� 8_U	 �� F�[ �.��B/ � �8
��;" �?8������;$�*,�#� TB, Y�$F/ �#�	 NF-kB, Wnt, 

PI3-K/AKT Ras/ MAPK , Jak/ STAT , Noch )���&# 
��>, .*%,�>?Ras / MAPKY��.�PI3-K / Akt,.\@�>!^# (
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FG%9 �� � $��;" 8�?HI, � ���/E *.J" ���;��� KL.!��� $��'� $7�" M�*�# 

��	

" O"�	.[�!.M�?8[ �*J!� �E p;t# F�?��![�� �?8*�&� 
��;"$�� �!+�� �#�`!�"# (�a� D# � )��/ $���J� Y*�,��=
�$��&)K'&6()�6.(:�.� $?�Wnt H.�y%	 ��� �#�%< F/

)*%%7B�%$�� K�>< -���D |�(o����d *�%7)��.(���.�
�.:�,�"�$Wnt >l� TB, $y%	 �� .# �#�`!�"# )���	 H���d
�$*%[)6s.(��;�" )*�>< ��?8�������;�$YWnt3 / #� �.��
�$��� F[ *%%[.�Wnt3/ RhoA/ ROCK ��;�" �� #� ��?8

��J� �#�`!"# (a� �����!"#$�*��>,.��+�, H�? K/�B� ��
 # F[ )*& )�#���� M.�/ ���8��;" ��?8!��� .�� K�L�����;
 !,E �x# )*%G�{$	�!���E.��#� Z)6�.(��>? �#��%< F[ ��]

�� *&.�WntY��.� �.:�,�"�$2#;$��"N/�R!"# �� ��?
���$� m�[���" � *��&�/��.:�,���"�$Wnt T?���[ F��/ ���I%� 

�"N/�R!"# ��U;>< �� ��?$����=)46.(���.�Wnt T�B, 
��>l�$D���"�, ���d^ �� 8��;��" ���?8%/��.��8D���/ 8

�$*%[)��.((OH)2D3 65����;[ �.*�J	 �� H�*�&� K
��;"$ �.�� F[ #�{ *%!�? K.�?�8�.:�,�"�$)*& ��J� 
�] D#��VDR (Vitamin D Receptor) �CaR (Calcium – 

Sending Receptor)�� �/ .�Wntx�	 .�� �$*�,�#�= .���J�
 �*&CaR ��� ���l� F/ �I%� .�Wnt/β-catenin �� $���& .
FJ��r� �?� ��+,$F[ *?�(OH)2D3 65��Y*&� �=��l�
 ��	 ��w�>	 )*%%[���;" (�?8"��[ .���,�E � ���%8[����
��,#,$�] D# ��y%	 ���l� �.#(�# H��+$/�.��" ���;U.MD1 

);[ �j%<.*8��;" F �{ �� $(�$*�&�/)�6.(��I,E D#�$
�� �*& ��J� F[.�Wnt (,u�����	 �/ ���;�" e#��,# |��?

 �� F[ )*& )*?�+� ��# �"# )#�>?.� ��.:�,��"�$Wnt �� 
��;" *&� �?8������;$�+B, $��I	 FU;/ ��#*, �(Wnt3a 

Y�`	�# p,#�`!"$�� �����	 *�&� ������;$��*�/ �� #� 
��� ����l�$�D���" .K��"�>"N� ���?8��������;$�)*��%%[��l� 

�.:�,�"�$Wnt �%J$DKK1 � q&�	 #� $*%%[)6�.(q�&�	
����?��![��8)*���%%[��l� Wnt)\N_����sFRP-2 ( O���"�	

��;" �?8�������;$�Y��U$/ K��#�< D# .���>8,#�`!�"# $
������ �����;$����>? � *��&�/ ���]*��& �#���%< F��[ �Y���� .�
���.:�,���"�$Wnt_U	 ��., � ���B/ Y�.����U;>< ���>< F��>8

�"N/�R!"# y%	 #� �?.� H$y%	 � *%[.+?�[ H$Wnt ��I%� 
�B�# F/8D�!���E �# �� |���;" M� �?$��&)�4Y��.(
��.�� �.�:�,�"�$Wnt/Ca2+�� .� ���08[ �"# �D# F

�]� �/ ��j	# �$Wnt �� � �?�)*,� �?�82�j�! # $�EY
Fz � ��J� $� � ��&$D�"�?� *,#�	8Ca2+�] D# ��ER #� 
)F/ F!�/#�GR	���.M(�C	 �� *�%[ Z.��;[.� )*�& ��?� H

��;��" ���� w��>I	$	����� �E R.M���?8F��/ -����^ Ca2+ 
�/.��8�� ��J� #� $R	���� K���& F�[ �D��".[ M.D��%C�

CamKII (Calcium /  Calmodulin – dependent Kinase) 
$� *%&�/)�5.(� �y, F/$�� *"�.� ��.:�,��"�$Notch �/ F

��;" ��U;>< A*& �?8������;$���;" ��?8�����!�"# 
x��	 ��C	 #� �#�`!�"# (a�.�� �#��f �$*�?�.��;�" ��?8

�������;$�Y�?��!L��"� 8Notch-1 YNotch-2� �.�?*��,�08
Jagged-1�Jagged-2 ��;" ��?8�#�`!"# (a� �����!"# 
Notch-1� �.*�,�0 Jagged-1/ #� �. �� ��$�/ � *�%%[ F���G,�

# T%U>?���/�����;��" �� MY���� .� ���.:�,���"�$Notch  �� 
��;��" ���?8��������;$�� �����!��"# ���a ����J� �#�`!��"# (

�$��&)6�.(XIAP ����� )*%%[��l� ZD�L�"�[ )�B���/ �#D
 ��;[ ��![�� Z.*8��# K^#�� ��!%[ �� .D��!���E F��� |

��;��" ��?�8,�]���" $���"# .���!,�F��[ ���"# )�#� ��+��, S
��;" �?8������;$�@�/ qr" $�R	��� D# .MXIAP / #� �.��

�$*%%[)��.(

/EPP	q:��2��RPP� ��PP	 ?�PP FJak/STAT �MAPK mPP!4- 
(�'4��71
)S)S�.(

�� |U;L>[�)*,�IL-6 D# IL-6Rα�IL-6Rβ (gp130) 
U+	.�"# )*& K.�I,E D#�$�,#�	 �d�E ��!L"� F[$��B�# 8
".Y��#*, #� ��%0gp130� ��B!,# K��< .� :�$*&�/ ./F��G,�
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��� )sY)��>& �Y(.�����

���

��j	#IL-6 F/IL-6RαYgp130U+	 .#� K�� �>$� *?�
	 |L".��D�[ M.�?D�%8JAK1 ��Tyk2� ��J� $*,�&.

JAKs)*& ��J� Y��9�)�0)residues (	.D����� ��9�� M
^�,." F.>"N��!.Zgp130�d�� #� �� F;$# F[ *%[�M

,#� #�� F/ �I%� K><$STAT3�$�9 F[ ���=�)�0 �?8
	.D���, �E M./ (F"�.F;JAKs�d�� �� F;$���=.STAT3 

�d���+	 )*& F;U.#� K�� �>$KB!%� F!�? F/ � *?�
�$��&)��.�JAK-STAT.( ���� �0.� ��B!,# Hl� �.:�

O"�	gp130 Y��.�Ras-MAPK�"# .IL-6Y�*& ��J� 
U+	 �.|U;L>[ KShc �Grb2� �B�# #� $�/ F[ �D�"Sos1 

� T%U>?�/$�*& ��J� F/ �I%� � *%%[Ras�$���=.|�
� �E D#�� �0.:��?8*^�� O"#�.� �.:�,�"�$Rasy, .�

Raf-1 �MAPK� ��J� $*,�&)54.(

���;��� KL.!��� �� $���,�� 8�?��![��:
Runx2�Z�,�� ��![����$U+�	 F[ �"# .��>	 � K�(
�"N/�R!"# �?#�D#��;" �?8+,#(�.��	 ��>�� w$*+`/.

��;" �?8������;$�Y��J� .�Runx2 �� ���l� #� $*,D��" �
�>	��"N/�R!"# (� D# #� �?.T�?D�"��] �� D# ��+�����# 
�/ H?��;" T%[ �:�� � ��;"IL-7 $� T?�7 *�%?�.��
x��	.�T��B, Runx2 ����	���.(�u���8/.����>8,#�`!��"# $
������;Y�$�G��, F�y^N� K/�f T?�[ F[ ��[ �#�%< �#�	

�"N/�R!"# �?$��y, D# F[ Runx2 / �� *%!�? ��J� .�#��>
!���.�� KL����;$�N< �/ ���R!"# H.!.,#�`!"# Z$Y�B� �� �F�
/ �/.�k ��*/ �#��>�,#�`!"# A�J$����"# )*�& )*)6s.(

�� F[ )*& ��#(=.�Wnt ��	 F/ �I%� �(,u�R!�"# w�D# |
�]��C	 ��B!�� Z./ H.�u ��Runx2 �� $����= .��y, F�/
�$*"� �x# ���l�8��;�" ��?8�������;$���/ ��8	��>�(

�"N/�R!"# �?Y�] D# ���J� ��l� �.�Runx2 ��;" �� �?8
%/��.��8+��,#(� .,����,# ��>$� ���.�?D�!+8!��"N/�R!"# $
�$*&�/)��.(�."�d%� K��'	 8��?B	���� �� O�"�	 RM.

F!��? �/ 8# F:��,EBF (early Bcell factor) �pax5 H.�y%	 
$� ���= .��;�" ��?8BCD19+ K�"�>"N� ���?Y��? ��

CD19 �mRNA pax-5/ #� ��.��� ��$*��%%[)5�.(��![����
�,����$BSAP �u O"�	 F[Pax-5 �� *[ $���&YT�B, 
��>l�$/ �� ��. �u ��CD19��#� .�uPax-5 )�#�,���  F��/ 

paired box containing genes�u � ��#� �;J	 �?8Pax �� 
(,u������ �� �#�#*,�!���*�,�#� T�B, |.*�f�� ���� ��

Pax-5/BSAP Y�U	 ��;" K�BF�;^�� �� pro-B ��*�/ �
/��. ��CD19��� ���f�!� $����& .F��,CD19 F��, �mRNA �

R	���.MPax-5 ��;" �� �?8������;$�)�� ���?8��;�" 
���������;$�����"�%& $����>, $*,����&Y	�����2 ��$F���[

K"�>"N� �?8G].J$�E/ #� �?.�� ��$*�%%[.#��*?#��& M
� �#�%<$a	 F[ *%[../ �� ��.��Pax-5 Y������"� D# ��
/ ��#�.��CD19��;" �� �?8������;$��"# ���,# )5�.(


�� 
�E D# ;C	 F[ �9./ �#�`!"# KF� ��].(�u����K�>< Z

;2#$�"N[�R!"# � �?$�"N[�R!"# � *&�/ ��;" �? �?$�
F!�? *%{ #8�/F>., ?�	�[ �><$*%!�? ��/ Y����[ �#��%< 

#�M[�;" F����?8������;$���J� �.��"N[�R!"# ���? #�
#(�#�� T$*%?�Y>,$E�� :�>	 �#�	��`	 *%�#� �#�`!�"# p

�"N[�R!"# F/�?8#�/ M.# F�[ #��{ �#� �G��, �#���> �� M
��;" U{�[ *2�� �l%	 �?$��;" D# �?8#� �#�`!�"# (a� 
U+	.� K$%{ � *%?�.�`	 M�#(� p�"� � )*%.�#�`!�"# w
] F[$*%{ ���" M)4���" (�"��"# )*& H[#�!� � F! Y
J/.� �y, F/ *$*"�)��Y45(.

#�/�%/�� M$�/�/ �� F�" ��G,��;�#�< �$�D F�[ .F�% D��"
#��`	 M�&�/ *%!�? p.H.$�� ��_� �#�%< F/�#��	 #(��#�T

�?��![��82�  $�>	 F[���;" (��?8%/�.��8#� D���,�  
��� 1���" ���"N[�R!"# �>��" F��/$*��%?�Y��/�9 F���9$�

D����[��$a	 F/ �I%� ..��J� �. �/ �$��;" �?Y��,�d< 
��, F/ �I%�.�>"N� �*& #� K"# �� �?�/ M.q�&�	 � �#���>
�?��![��8/�l!�# $�`	 �l9 �� ��#�`!"# (a� p�� ���?

;����< F��,�=$��/ �����J	 ������  H��? F��/ ���<�/ F��[ .M
�"N/�R!"# �"N[�R!"# � �? � �?$��& �� F�<�>I� �8#D#

#��;< M� �? � #���,#� �x.D�#�/�$��� .�?�8��.:�,��"�$
 �.��J� �� K./ �.)D#*,# D# T�� �/ m�[�" � T?�[ �$

��;" # �� �? �� / M.�� �#���>$� ��" � m��`!,# �� *�,#�	
 & � �?��#�.)��?8,���� $p"�%� Yd�.��& wf#� *.��/ \N_� 

����9�8���� F��[ .�Wnt;��2# K����< $���B/ 8��;��" ���?8
!"N/�R!"#$��$�&�/ ��x# ���# *8��J� ��/ �.��;�" ���?8
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��


������;$�)�&����l� ��x# H�? *8*�&�/ F!�&#� (D# � ��#*�,
�I,E$�#(�# F[��;[ qr" T.C� H.�� F/ ��j	# � O�)*�,�
�;[.��� �*�& ��J� � H.���l� F�/ ��I%� F�]�/�� �Wnt 
�$��&Y�$# �#�	�!, F,�= M.�`	 ��;< F�[ ���= FI��p

,#�`!"#$��;" pG" F/ F{�?8������;$���;< F/ F{ �
#(�#���J� T.�"N[�R!"# �*�&�/ �?Ym�[��" F�/ ��I%� 

�"N/�R!"# �?8�� �#�`!�"# (a� �� �B!�� $����= .���^
�$�/��� ��.��;[ A#��x# � �?�.��J� ��/ H�.Z�	 Z�	 �

��;��" ���?8(��a� �� �B!���� # �#�`!��"#���/ M.�#����>
)K���"�>"N� ����?8���������;$�����"N[�R!"# Y� ����?

"N/�R!"#�� � �?.T�?D�"8!"N[�R!"# $(/ #�.���� �!+ 
"��/$�#� �#�f .� T?�[ ��/ F{���!.MD�� �!��$# �� ��M

/.;��< M�� �#��>$# )*%%[ *J!�� �*&�/ �#��# M.

�
��� ���� 
Y�.BC	 M�# �� ��;�" w>I	 �;< ��?8�����	 8K�_� 

��;" �?8������;$�����^ ��/ )�N< #� �#�`!"# (a� �� 
�?��![��8��;" D# FC&�!� �?8�#�`!�"# (�a� Y� w�>I	 

�2�%< ��9�8�;[ K_� .�E �y;t F[ M?E � H(�a� �� �?
 / �#�`!"#.� �#�%< �"# �!+$�#��H.�#�.�BBC� ��"# *.M

BC	 �/ *%>9�#.A�B # F! �%�&�, A��U, ��  �� / M.���>8#�
��J�$:��= � )��>, ����x8/ ������ �� .F�/ N!�G� �#���>
!���.KL���F!&#��/ ���;���=.
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Cellular and molecular aspects of Multiple Myeloma 
 

Abroun S.1, Saki N.2

1Department of Hematology and Blood Banking , Faculty of Medical Sciences, Tarbiat Modares University, 
Tehran, Iran 
2Department of Clinical laboratory Sciences and Thalassemia, Hemoglobinopathy Research Center, Faculty of 
Medical Sciences, Jondishapor University, Ahvaz, Iran 

 

Abstract 
Background and Objectives 
Multiple Myeloma (MM) is a plasma cell disorder witch accounts for about 10% of all 
hematologic cancers; 99% of patients diagnosed are older than 40 years of age. The aim of this 
study is to evaluate the recognized cellular and molecular factors effective on the emergence 
and development of MM. 
 
Materials and Methods 
In the present study, 150 articles about genetic translocation, osteoclast and osteoblast cells, 
chemokines, signaling pathways, and Multiple Myeloma published in recent years were firstly 
selected to be reviewed. Out of this number, 69 which applied to cellular and molecular 
biology of MM were selected to be studied. 
 
Results 
Bone lesions and pathological fractures are the most important complications of Multiple 
Myeloma. Recurrent infection, renal insufficiency, hyperproteinemia, amyloidosis, 
hypercalcemia, decrease of alkaline phosphatase, and osteocalcin are other complications 
which are mostly caused by cell-cell interaction, chemokine, and immunoglobulin signal 
induction.  
 
Conclusions 
The results show that infiltration of tumor cells like myeloma cells is due to secretion of some 
factors from BM cells as well as the presence of calcium and iron whose concentration is high 
in BM.   
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