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The review summarized data about the Bcr/Abl role
in the development of chronic myelogenous leu-
kemia and acute lymphoblastic leukemia. Bcr/Abl
fusion protein is the main etiologic factor in the ori-
gin of Ph'-leukemias. Structure and function of
%FU�:EO domains as well as their interaction with
cell proteins and participation in signal transduc-
tion are presented.
Key Words:  chronic myelogenous leukemia, acute
lymphoblastic leukemia, Ph'-chromosome, Bcr/Abl
gene/protein, signal transduction.

<� h[ahj_� kmffbjh\Zgu� ^Zggu_� h� jheb� [_edZ
Bcr/Abl � \� jZa\blbb� ojhgbq_kdhc� fb_ehb^ghc
e_cd_fbb� b� hkljh]h� ebfnh[eZklgh]h� e_cdhaZ�
Wlhl� ]b[jb^guc� [_ehd� y\ey_lky� ]eZ\guf
nZdlhjhf� \� jZa\blbb� e_cdhaZ�� ijb� dhlhjhf
h[gZjm`b\Zxlky� de_ldb�� kh^_j`Zsb_
nbeZ^_evnbckdmx�ojhfhkhfm��Hkgh\ghc�Zdp_gl
k^_eZg� gZ� hk\_s_gbb� kljmdlmju� b� nmgdpbb
^hf_gh\ Bcr/Abl, hkh[_gghkl_c� bo
\aZbfh^_ckl\by� k� ^jm]bfb� [_edZfb� \� de_ld_�
ljZgknhjfbjmxsbo� k\hckl\�� mqZklby� \
i_j_^Zq_�fblh]_ggh]h�kb]gZeZ�
Dexq_\u_�keh\Z��ojhgbq_kdZy�fb_ehb^gZy�e_c�
d_fby�� hkljuc� ebfnh[eZklguc� e_cdha�� nbeZ�
^_evnbckdZy� ojhfhkhfZ�� ]_g�[_ehd Bcr/Abl, � i_�
j_^ZqZ�fblh]_ggh]h�kb]gZeZ�

_j\uf� pblh]_g_lbq_kdbf� fZjd_jhf
himohe_\h]h� jhklZ� [ueZ� hibkZggZy� \
1960� ]�� fZe_gvdZy� *�hdjZr_ggZy� ojh�

fhkhfZ��gZa\ZggZy�nbeZ^_evnbckdhc (Ph) [1].
H[jZah\Zgb_� ^Zgghc� ojhfhkhfu� h[mkeh\e_gh
j_pbijhdghc� ljZgkehdZpb_c�f_`^m� ��c� b� ���c
ojhfhkhfZfb t(9;22)(q34;q11) [2].�HgZ�\uy\ey�
_lky�ijb[ebabl_evgh� m 95%�[hevguo� k� ojhgb�
q_kdhc� ]jZgmehpblZjghc�e_cd_fb_c��Z� lZd`_� m
25-30%�\ajhkeuo�b 2-10%�^_l_c��[hevguo�hkl�
jhc� ebfnh[eZklghc� e_cd_fb_c� �HEE�� >A@�� GZ
fhe_dmeyjghf�mjh\g_�h[jZah\Zgb_�nbeZ^_ev�
nbckdhc� ojhfhkhfu� khijh\h`^Z_lky� h[jZah�
\Zgb_f�gh\h]h�keblgh]h�]_gZ��ij_^klZ\e_ggh]h
gZ��
�dhgp_�mqZkldhf�]_gZ�bcr,�Z�gZ�A
�dhgp_ —
mqZkldhf� ]_gZ� Abl [4]).� DZd� ihdZau\Zxl
fgh]hqbke_ggu_� wdki_jbf_glu�� bf_ggh
ijh^mdl� ljZgkdjbipbb� ]_gZ� bcr/Abl� y\ey_lky
]eZ\guf�wlbheh]bq_kdbf�fhf_glhf�\�jZa\blbb
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d_fbb�� Wlh� h[mkeh\e_gh� g_� klhevdh� ih\ur_g�
ghc� lbjhabgdbgZaghc� Zdlb\ghklvx� ]b[jb^gh]h
[_edZ�� kdhevdh� hkh[_gghklvx� kljmdlmju� [_edZ
Bcr/Abl [3-5],� \aZbfh^_ckl\b_f� jZaebqguo� _]h
^hf_gh\� f_`^m� kh[hc� b� k� jZaebqgufb� dhf�
ihg_glZfb�de_ldb��Ih�\b^bfhfm��k�wlbf�k\yaZgh
baf_g_gb_�\gmljbde_lhqghc�ehdZebaZpbb�[_edZ�
jZkrbj_gb_� ki_dljZ� \h\e_q_gguo� \h
\aZbfh^_ckl\b_� fhe_dme�� qlh� hij_^_ey_l� gZ�
qZevgh_�jZa\blb_�himohe_\h]h�ijhp_kkZ�

<�h[ahj_�ij_^klZ\e_gu�ihke_^gb_�^Zggu_�h
kljmdlmjgh�nmgdpbhgZevghc� hj]ZgbaZpbb� [_edZ
%FU�$EO�� _]h� ljZgknhjfZpbhgguo� k\hckl\Zo�
\ebygbb� gZ� ijhp_kk� ijhoh`^_gby� jZaebqguo
kb]gZeh\�\�de_ld_�

KljmdlmjZ�b�nmgdpby�[_edZ�%FU
=_g� bcr� \i_j\u_� b^_glbnbpbjh\Zg� dZd� qZklv
]b[jb^gh]h� ]_gZ� m�[hevguo�k� ojhgbq_kdhc�fb_�
ehb^ghc�e_cd_fb_c� �OFE�� k�nbeZ^_evnbckdhc
ojhfhkhfhc��=_g�bcr q_eh\_dZ�dh^bjm_l�[_ehd�k
fhe_dmeyjghc� fZkkhc� �f�f��� 160� d>�
wdkij_kkbjmxsbcky� \h� fgh]bo� ldZgyo� b� bf_x�
sbc�g_kdhevdh�nmgdpbhgZevguo�^hf_gh\ [3-6].

:fbgh�dhgp_\Zy� qZklv� [_edZ� %FU� ������c
Zfbghdbkehlguc� hklZlhd —� Z�� h��� �jbkmghd�
\dexqZ_l�^hf_g�heb]hf_jbaZpbb��FmlZpbb�beb
^_e_pbb� \� ]_g_�� dh^bjmxs_f� wlm� h[eZklv
[_edZ�� g_� baf_gyxl� _]h� lbjhabgdbgZagmx
Zdlb\ghklv�� gh� mijZa^gyxl� kihkh[ghklv
fmlZglguo� [_edh\� nhjfbjh\Zlv� heb]hf_ju
Bcr/Abl, Bcr/Abl-Bcr [7]� b� k\yau\Zlvky� k F-
Zdlbghf�� qlh� hkeZ[ey_l� ljZgknhjfZpbhggu_
k\hckl\Z�[_edZ�>�@�

<lhjZy� h[eZklv� [_edZ� %FU� ���������c� Z�� h��
hij_^_ey_l� k_jbg�lj_hgbg�dbgZagmx� Zdlb\�
ghklv [9]� b� \dexqZ_l� g_kdhevdh� nmgdpbhgZev�
guo� mqZkldh\ —� h[eZklv� ���������c� Z�� h���� hi�
j_^_eyxsZy�k\yau\Zgb_�k�6+2�^hf_ghf�[_edZ
Abl [10],�Z� lZd`_� lbjhabg� �����c�Z��h����nhknh�
jbebjh\Zgb_� dhlhjh]h� h[_ki_qb\Z_l� \aZbfh�
^_ckl\b_�k�Z^Zilhjguf�[_edhf Grb 2 [11].�Ml�
jZlZ� wlh]h� mqZkldZ� \� ]b[jb^ghf� [_ed_� %FU�$EO
ijb\h^bl�d�agZqbl_evghfm�kgb`_gbx�_]h�ljZgk�
nhjfZpbhgguo� k\hckl\�� Z� lZd`_� mf_gvrZ_l
g_aZ\bkbfhklv�hl�nZdlhjh\�jhklZ [12].

;_ehd� S���� kh^_j`bl� qZklv� [_edZ� %FU�� g_
ij_^klZ\e_ggh]h� \� [_ed_� j���� %FU�$EO
�jbkmghd���WlZ�h[eZklv�gZqbgZ_lky�k�����]h�Z��h�
[_edZ� %FU� b� aZdZgqb\Z_lky� \� [hevrbgkl\_
kemqZ_\
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Jbkmghd� Kljmdlmjgh�nmgdpbhgZevgZy hj]ZgbaZpby [_edh\ %FU� $EO b S��� %FU�$EO�

;_ehd %FU (1271 Z� h��� 1-63 Z� ^hf_g heb]hf_jbaZpbb� [� ^hf_g� mkbeb\Zxsbc k\yau\Zgb_ k Zdlbghf� Y177 — lhqdZ
k\yau\Zgby k ^hf_ghf Grb2-SH2; KDH — k_jbg�lj_hgbg�dbgZagZy h[eZklv� SH2-b (192-413) SH2�k\yau\Zxsbc ^hf_g�
Dbl — h[eZklv ]hfheh]bb k ijh^mdlhf ijhlhhgdh]_gZ Dbl; JG — h[eZklv ]hfheh]bb k ie_dkljbghf� 5DF�=:I�^hf_g �����������
— =LNZagZy Zdlb\ghklv ^ey S�� ]Zk�
;_ehd Abl (1097 Z� h� + Zevl_jgZlb\gu_ ^hf_gu la (26 Z� h�� beb Ib (45 Z� h���� 6G3 (42-101) b SH2 (101-214) — g_dZlZeblbq_kdb_
^hf_gu� 3 KYE — kb]gZe y^_jghc ehdZebaZpbb� hij_^_ey_l ihklmie_gb_ [_edZ \ de_ldm� >K> (836-935) —- >GD�k\yau\Zxsbc
^hf_g� :K> (935-1097) — Zdlbgk\yau\Zxsbc ^hf_g� KYW (1057-1067) — h[eZklv� hij_^_eyxsZy \uoh^ [_edZ ba y^jZ�
Klj_edZfb mdZaZgu lhqdb kebygby [_edZ %FU k [_edhf Abl \ ]b[jb^ghf [_ed_ %FU�$EO ijb HEE b OFE

����f�beb�����f�Z��h���h[eZklv Major-BCR).�<�^h�
[Z\e_gb_� d� _s_� g_hoZjZdl_jbah\Zgghc� h[eZklb
f_`^m� ����f� b� ����f� Z�� h�� [_edZ� %FU�� dh^b�
jm_fufb 2, 3�wdahgZfb�]_gZ��a^_kv�ij_^klZ\e_gu
^\Z� ohjhrh� hoZjZdl_jbah\Zgguo� nmgd�
pbhgZevguo� ^hf_gZ��Wlh�� \h�i_j\uo�� ^hf_g� Dbl
���������c� Z�� h���� gZa\Zgguc� lZd� ba�aZ� \ukhdhc
kl_i_gb� ]hfheh]bb� k� ijh^mdlhf� ijhlhhgdh]_gZ
Dbl [13].� WlZ� h[eZklv� [_edZ� dh^bjm_l� ]mZgbg�
gmde_hlb^�h[f_gb\Zxsbc� nZdlhj (GEF) ^ey
5KR�k_f_ckl\Z� =LN�k\yau\Zxsbo� [_edh\� (Rho,
Rac, CDC42) in vitro [14].�:dlb\Zpby�[_edZ�Rho�\
i_j\mx� hq_j_^v� h[_ki_qb\Z_l� h[jZah\Zgb_ F-
Zdlbg�klj_kkh\uo�\hehdhg�b�nhdZevgmx�Z^]_abx
[15].

KjZam� aZ� h[eZklvx Dbl� jZkiheZ]Z_lky� �qZk�
lbqgh� i_j_dju\Zy�__��b�^jm]Zy�nmgdpbhgZevgZy
h[eZklv�� bf_xsZy� ]hfheh]bx� k� rbjhdh� jZk�
ijhkljZg_gguf� fhlb\hf —� JG�^hf_ghf (ple-
ckstrin homology).�JG�^hf_g� ijbkmlkl\m_l� \� jZa�
ghh[jZaguo� [_edZo�� \dexqZy� lbjhabgdbgZau�
k\yaZggu_�k�pblhkd_e_lhf�fhe_dmeu��n_jf_glu
ebib^gh]h� h[f_gZ�� Z^Zilhjgu_� [_edb� b� j_]m�
eylhju� *�[_edh\� >��@�� Hg� khklhbl� ijbf_jgh� ba
100�Z��h���nhjfbjmy�lj_of_jgmx�kljmdlmjm��ij_^�

klZ\e_ggmx 7�ZglbiZjZee_evgufb�β�gblyfb�b�K�
dhgp_\hc� α�kibjZevx�� <� [_ed_ Dbl� hg� ij_^�
klZ\e_g� ��������f� Z�� h� [17].�Ij_^iheZ]Zxl�� qlh
JG�^hf_g� hij_^_ey_l� k\yau\Zgb_� kh^_j`Zs_]h
_]h� [_edZ� k� pblhieZafZlbq_kdhc� f_f[jZghc
ihkj_^kl\hf�\aZbfh^_ckl\by� k�nhknhebib^Zfb
[18].
KHHG�dhgp_\Zy� qZklv� %FU� kh^_j`bl� h[eZklv
]hfheh]bb� k� =LNZaZ�Zdlb\bjmxsbfb� [_edZfb
(GAP)�^ey�[_edZ p21 Rac.

GZb[hevrZy� h[eZklv� ]hfheh]bb� ij_^klZ\�
e_gZ�\�[_ed_�%FU�����������f�Z��h� [19].�:dlb\Z�
pby� wlh]h�^hf_gZ�bg]b[bjm_l�hihkj_^h\Zggh_
[_edhf Rac� kfhjsb\Zgb_�f_f[jZgu —� h[jZ�
ah\Zgb_�eZf_ehih^bc [20].�;_ehd Rac,� dZd�ba�
\_klgh��b]jZ_l�\Z`gmx�jhev�\� �hdbkebl_evghf
\aju\_�� \� g_cljhnbeZo bcr+

� fur_c�� ij_^ih�
eZ]Zy� jhev� [_edZ� %FU� \� j_]meypbb� [_edZ Rac
[21, 22].� Furb� k� ]hfhab]hlguf� gZjmr_gb_f
]_gZ�bcr�`bag_kihkh[gu [21].

<� de_ldZo� [_ehd� %FU� y\ey_lky� km[kljZlhf
^ey� g_j_p_ilhjghc� lbjhabgdbgZau c-Fes,� k\y�
aZgghc�k�jhklhf�b�^bnn_j_gpbjh\dhc�fb_eh�
b^guo� de_lhd��Nhknhjbebjh\Zgb_� ijb\h^bl� d
ZkkhpbZpbb�[_edZ�%FU�k�6+2�^hf_gZfb�jZaebq�
guo� [_edh\�� \dexqZy GRB2� �Zdlb\bjmy Ras-
imlv��� 5DV�=LNZaZ�Zdlb\bjmxsbc� [_ehd�� nhk�

nhebiZam� K�γ�� j���km[t_^bgbpm� dbgZau PI-3
[23],� klbfmebjm_l� Zmlhnhknhjbebjh\Zgb_� kZ�
fh]h�[_edZ c-Fes.�Nhknhjbebjh\Zgguc�%FU�ih�
^Z\ey_l� k_jbg�lj_hgbg�dbgZagmx�Zdlb\ghklv�\
hlghr_gbb� %$3��� �k_f_ckl\h 14-3-3� [_edh\��
mf_gvrZy� \aZbfh^_ckl\b_� ihke_^g_]h� k� [_e�
dhf Raf-1.

LZdbf�h[jZahf��ij_^klZ\e_ggu_�a^_kv�^Zg�
gu_� k\b^_l_evkl\mxl�h� lhf��qlh� %FU�y\ey_lky
ihebnmgdpbhgZevguf�[_edhf�� \aZbfh^_ckl\m�
xsbf� kh� fgh]bfb� de_lhqgufb� [_edZfb�� qlh
hij_^_ey_l�_]h�jhev�\�i_j_^Zq_�\gmljbde_lhq�
guo�kb]gZeh\�b�hj]ZgbaZpbb�pblhkd_e_lZ�

KljmdlmjZ�b�nmgdpbb�[_edZ�$EO
Ijhlhhgdh]_g�k�$EO�\i_j\u_�[ue�b^_glbnb�

pbjh\Zg� dZd� ghjfZevguc� de_lhqguc� ]hfheh]
\bjmkgh]h� hgdh]_gZ v-abl� �\bjmkZ� e_cdhaZ
fur_c� :[_evkhgZ Ab-MuLV)� b� dh^bjm_l
g_j_p_ilhj�
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gmx� lbjhabgdbgZam [24].� Hlebqbl_evghc� q_jlhc
]_gZ abl�y\ey_lky�gZebqb_�^\mo�Zevl_jgZlb\guo
wdahgh\��gZau\Z_fuo I�b IV�\�]_ghf_�furb�b��D
b��E�\�]_ghf_�q_eh\_dZ [25, 26].�Jhev�ih^h[guo
hlebqbc� g_ba\_klgZ�� ohly� mklZgh\e_gh�� qlh
[_ehd�� kh^_j`Zsbc� ihke_^h\Zl_evghklb� wdahgZ
1b,�gZoh^blky�ij_bfms_kl\_ggh�\�y^j_�

=b[jb^guc�[_ehd�%FU�$EO�kh^_j`bl�\k_�nmgd�
pbhgZevgu_� ^hf_gu� k�$EO�� aZ� bkdexq_gb_f
qZklb�� dh^bjm_fhc� i_j\uf� wdahghf��<� 1+2�dhg�
p_\hc� h[eZklb� [_edZ� \� ^h[Z\e_gb_� d� lbjhabg�
dbgZaghfm SH1�^hf_gm��^_l_jfbgbjmxs_fm�jZa�
\blb_�himohe_\h]h�ijhp_kkZ [27],�ijbkmlkl\mxl�b
^\Z� g_dZlZeblbq_kdbo� ^hf_gZ� 6+2� b� 6+3 [28].
Wlb�^hf_gu�y\eyxlky�fh^mevgufb�kljmdlmjZfb
b� hij_^_eyxl� k_e_dlb\gh_� [_ehd�[_edh\h_
\aZbfh^_ckl\b_ [29].� Hgb� ijbkmlkl\mxl� \h
fgh]bo� [_edZo�� mqZkl\mxsbo� \� i_j_^Zq_
kb]gZeh\�\�de_ld_��b�y\eyxlky�djblbq_kdbfb�ijb
h[jZah\Zgbb� klZ[bevguo� kb]gZevguo� dhf�
ie_dkh\�� j_]mebjmxsbo� nmgdpbx� [_edh\� SH2-
^hf_g� k\yau\Z_lky� k� \ukhdhc� Znnbgghklvx� k
[_edhf�� kh^_j`Zsbf� nhknhjbebjh\Zgguc� lb�
jhabg [30].� 6G3�^hf_g� k\yau\Z_lky� k� ijhebg�
[h]Zluf� mqZkldhf�[_edh\��<� ghjfZevghf� [_ed_
k�$EO� 6G3�^hf_g� ^_ckl\m_l� dZd� g_]Zlb\guc
j_]meylhj� ljZgknhjfZpbb�� >_e_pby� 6G3�^hf_�
gZ� ijb\h^bl� d� h[jZah\Zgbx� ljZgknhjfbjmx�
s_]h� [_edZ Abl [31].� 6G3�^hf_g� \� ]b[jb^ghf
[_ed_� %FU�$EO� g_h[oh^bf� ^ey� jZa\blby� ihegh]h
himohe_\h]h�n_ghlbiZ [32].�<�de_ld_�6G3�^hf_g
k\yau\Z_lky� k� jZaebqgufb� [_edZfb [33, 34],
\dexqZy� k_f_ckl\h� $EO�\aZbfh^_ckl\mxsbo
[_edh\ (Abl-interactor) — Abi-1� b Abi-2 [35, 36].
>Zggu_� h� \ebygbb� 6+2�^hf_gZ� gZ� jZa\blb_
himohe_\h]h� ijhp_kkZ� ijhlb\hj_qb\u� b�� dZd
kqblZxl�� hij_^_eyxlky� \b^hf� de_lhd�� ]^_
wdkij_kkbjm_lky�%FU�$EO [4, 37-39].

K�dhgp_\Zy� qZklv� [_edZ� k�$EO� y\ey_lky� h[�
eZklvx�� dhlhjZy�hlebqZ_l�_]h�hl�^jm]bo�ba\_kl�
guo� lbjhabgdbgZa�� [hevrbgkl\h� ba� dhlhjuo� eh�
dZebah\Zgh�gZ�ieZafZlbq_kdhc�f_f[jZg_�beb�\
__� h[eZklb� �j_p_ilhjgu_� lbjhabgdbgZau�� 6UF�
Jak, FAK).�Ihfbfh�wlh]h�k�$EO�gZoh^blky�lZd`_�b
\�y^j_ [40],�qlh�\_jhylgh��jZkrbjy_l�_]h�jhev�\
de_ld_�� Mdhjhq_gb_� K�dhgp_\hc� h[eZklb� k�$EO
khq_lZ_lky�k�g_hgZlZevghc�kf_jlghklvx�fur_c
k�n_ghlbihf�� koh^guf� k�gZ[ex^Z_fuf� m k�DEO-
QXOO�fmlZglh\� >��@�� GZoh`^_gb_� k�$EO� \� y^j_
h[mkeh\e_gh� gZebqb_f� lj_o� kb]gZeh\� y^_jghc
ehdZebaZpbb (NLS).� H^bg� ba� gbo� ij_^klZ\e_g
iylvx� hklZldZfb�ebabgZ� �DDDDD�� b� gZoh^blky� \
h[eZklb���������]h�Z��h���^\Z�^jm]bo —�\�h[eZklb
��������]h�Z��h� [42].�AZf_gu�wlbo�Z��h��ijb\h^yl
d� aZf_^e_gbx� ihklmie_gby� k�$EO� \� y^jh�� Z
gZebqb_� bf_ggh� lj_o� kb]gZeh\�� ih�\b^bfhfm�
hij_^_ey_l�ki_pbnbqghklv�nmgdpbhgbjh\Zgby�\
jZaebqguo� ldZgyo [42].� GZjy^m� k� kb]gZeZfb
y^_jghc� ehdZebaZpbb� K�dhgp_\Zy� h[eZklv� \
iheh`_gbb� ����������]h� Z�� h�� �e_cpbg�[h]Zluc
mqZklhd��kh^_j`bl�b�kb]gZeu

\u\h^Z�ba�y^jZ (NES),�qlh�h[_ki_qb\Z_l�\uoh^
[_edZ�ba�y^jZ [43].�<�lhc�`_�h[eZklb (935-1097-
c� Z�� h��� gZoh^blky� Zdlbg�k\yau\Zxsbc� ^hf_g�
hij_^_eyxsbc� k\yau\Zgb_� [_edZ� k� )�Zdlbghf�
Z� lZd`_� k� *�Zdlbghf� >���� ��@�� b� ij_^�
r_kl\mxsbc� _fm� >GD�k\yau\Zxsbc� ^hf_g
���������c� Z�� h���� khklhysbc� ba� \ukhdhfh�
[bevguo�^hf_gh\ [46, 47].

NmgdpbhgZevgZy� jhev� k�$EO� \� de_ld_� g_ba�
\_klgZ��f�JGD�[_edZ�k�$EO�bf__lky�\h�\k_o�ldZ�
gyo� `b\hlguo� gZ� ijhly`_gbb� \k_c� `bagb�� __
gZb\ukrZy�dhgp_gljZpby�hlf_qZ_lky�\�lbfmk_
b� k_e_a_gd_ [48].�GhjfZevguc� k�$EO� ^Z`_� ijb
�����djZlghf�ih\ur_gbb�mjh\gy�dhgp_gljZpbb
g_� ijb\h^bl� d� de_lhqghc� ljZgknhjfZpbb�� Z�
\uau\Z_l�hklZgh\dm�ijhebn_jZpbb [49, 50].

Km[kljZlhf�^ey�k�$EO�\�pblhieZaf_�y\ey_l�
ky� &5.�k_f_ckl\h SH2/SH3�kh^_j`Zsbo� [_e�
dh\ [51, 52]�b�&UN�k\yau\Zxsbc�[_ehd p130Cas
[53],� Z� \� y^j_ —� JGD�ihebf_jZaZ II [54, 55].
Djhf_�lh]h��pblhieZafZlbq_kdbc�[_ehd Abl�\aZ�
bfh^_ckl\m_l�k�m`_�mdZaZggufb�\ur_�[_edZfb
Abi-1, Abi-2 [35, 36].� OZjZdl_jgh�� qlh� dhebq_�
kl\h� [_edh\ Abi� f_gy_lky� ijb� ijh�
]j_kkbjh\Zgbb� OFE [56].� <� y^j_� k�$EO�� ih�
\b^bfhfm�� mqZkl\m_l� \� j_]meypbb� wdkij_kkbb
]_gh\�� <aZbfh^_ckl\my� k� [_edhf Rb,� k�$EO
\h\e_dZ_lky� \� (�)�>GD�k\yau\Zxsbc
dhfie_dk [57].�Wlh� ijb\h^bl� d� bg]b[bjh\Zgbx
dbgZaghc� Zdlb\ghklb� k�$EO [58], qlh� lhjfhabl
i_j_oh^� de_lhd� \� 6�nZam� pbdeZ� [42].
Nhknhjbebjh\Zgb_ Rb�\ G1�6�nZa_�de_lhqgh]h
pbdeZ� gZjmrZ_l� wlh� \aZbfh^_ckl\b_�
Zdlb\bjmy� k�$EO [59].� :dlb\bjh\ZggZy� dbgZaZ
nhknhjbebjm_l�K�dhgp_\hc� ^hf_g�JGD� iheb�
f_jZau II,�h[mkeh\eb\Z_l�ljZgkdjbipbx�k�jZa�
ebqguo� ijhfhlhjh\ [60].�:dlb\Zpby� k�$EO� \� 6�
nZa_� agZqbl_evgh� mkbeb\Z_lky� ih^� \ebygb_f
>GD�ih\j_`^Zxsbo�Z]_glh\��\�lhf�qbke_�bhgb�
abjmxs_]h�h[emq_gby [61].
LjZgknhjfbjmxsb_�k\hckl\Z�
hij_^_ey_fu_�]_ghf bcr/abl
GZebqb_� oZjZdl_jgh]h� fhe_dmeyjgh�]_g_lbq_k�
dh]h�fZjd_jZ —� keblgh]h� ]_gZ� bcr-Abl,� j_amev�
lZlhf� wdkij_kkbb� dhlhjh]h� y\eyxlky� [_edb
S����%FU�$EO�b�j����%FU�$EO��ihklZ\beh�\hijhk�h
lhf��gZkdhevdh�ki_pbnbqguf�y\ey_lky�gZebqb_
ihke_^gbo� \� de_ld_� ^ey� jZa\blby� himohe_\h]h
n_ghlbiZ�� Z� lZd`_� h[mkeh\e_gh� eb� jZaebqgh_
ijhl_dZgb_�HEE� b� OFE� jZaebqgufb�nmgdpbh�
gZevgufb (p210�b�j�����[_edZfb��I_j\u_� wdk�
i_jbf_glu� ih� hp_gd_� ljZgknhjfbjmxsbo
k\hckl\� [ueb� ijh\_^_gu� gZ� dmevlmj_� de_lhd
nb[jh[eZklh\� k� bkihevah\Zgb_f� j_ljh\bjmk�
guo� dhgkljmdpbc�� kh^_j`Zsbo� ]_g p210 bcr/abl
[62].�Wlb�wdki_jbf_glu�ihdZaZeb��qlh�\�hlebqb_
hl� ijh^mdlZ� ]_gZ v-abl,� ljZgknhjfbjmxs_]h
1,+�ALA�nb[jh[eZklu�� dhgkljmdpbb� k� ]_ghf
bcr/abl�bo�g_�ljZgknhjfbjh\Zeb��<�lh�`_�\j_fy
ijb� dhhi_jZpbb� k� hgdh]_ghf v-myc� m^Z_lky
^h[blvky�ljZgknhjfZpbb�nb[jh[eZklh\ Rat-1,
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ohly� b� kh� agZqbl_evgh� f_gvr_c� wnn_dlb\gh�
klvx��q_f�ijb�bkihevah\Zgbb�]_gZ v-abl [63, 64].
<� wlbo� `_� wdki_jbf_glZo� [ueh� ihdZaZgh�� qlh
dhgkljmdpbb� ]_gZ� j��� bcr/abl� h[eZ^Zeb
[hevr_c�ljZgknhjfbjmxs_c�Zdlb\ghklvx��q_f
dhgkljmdpbb�k�]_ghf�p210.

Wdki_jbf_glu� k� bkihevah\Zgb_f� dmevlmj
de_lhd� djh\b� ihdZaZeb�� qlh� ghjfZevgu_� ]_fh�
ihwlbq_kdb_� de_ldb� furb�� bgnbpbjh\Zggu_
j_ljh\bjmkgufb� dhgkljmdpbyfb�� kh^_j`Zsbfb
p210� %FU�$EO�� ijbh[j_lZxl� kihkh[ghklv� d� g_�
aZ\bkbfhfm�hl�bgl_je_cdbgZ���jhklm� [65]�beb�d
dehgZevghfm� jZafgh`_gbx� j]_�<�ebfnhb^guo
de_lhd� k� \ukhdbf� mjh\g_f� wdkij_kkbb� [_edZ
Bcr/Abl [66-68].� <� lh� `_� \j_fy� jZaebqgZy
kl_i_gv� lmfhjh]_gghklb� wlbo� dehgh\� ij_^ih�
eZ]Z_l�� qlh� gZebqby� lhevdh� ]b[jb^gh]h� [_edZ
g_^hklZlhqgh�^ey� bg^mdpbb� himohe_\hc� ljZgk�
nhjfZpbb [66, 67, 69].

<\_^_gb_� e_lZevgh� h[emq_gguf� furZf
de_lhd� dhklgh]h� fha]Z�� ljZgknhjfbjh\Zgguo
%FU�� $EO�kh^_j`Zsbf� j_ljh\bjmkhf�� ijb\h^bl
d� jZa\blbx� e_cdhah\�� ijb� wlhf� jZaebqgu_
hklju_� nhjfu� aZ[he_\Zgby� jZa\b\Zebkv� k
[hevr_c� qZklhlhc�� q_f� ojhgbq_kdb_� ijb
bkihevah\Zgbb� j_ljh\bjmkh\� k� j���� b p210
>�����@�� Ij_^iheZ]Zxl�� qlh� wlh� k\yaZgh� k
mkeh\byfb� dmevlb\bjh\Zgby� de_lhd� dhklgh]h
fha]Z�� ijhp_^mjhc� bo� bgnbpbjh\Zgby�
]_g_lbq_kdhc� ij_^jZkiheh`_gghklvx
j_pbib_glguo� fur_c�� hkh[_gghklyfb
j_ljh\bjmkguo� j_]meylhjguo� ihke_^h�
\Zl_evghkl_c�b�l�^� [74, 75, 83].

M� ljZgk]_gguo� fur_c�� \h� \k_o� de_ldZo
dhlhjuo� wdkij_kkbjh\Zeky� ]b[jb^guc� ]_g
bcr/abl, himohe_\Zy� ljZgknhjfZpby
gZ[ex^ZeZkv� lhevdh� \� ]_fhihwlbq_kdbo
de_ldZo�� Z� bkihevah\Zgb_� dhgkljmdpbc� k� j���
Bcr/Abl� ijb\h^beh� d� [ukljhc� kf_jlb� fur_c
\ke_^kl\b_� hkljhc� e_cd_fbb� >�����@��Ihiuldb
\ua\Zlv� OFE�ih^h[gu_� kbfilhfu�� bkihevamy
dhgkljmdpbb� k p210 Bcr/Abl, aZdZgqb\Zebkv
eb[h� jZgg_c� kf_jlvx� wf[jbhgh\ [79],� eb[h
ij_bfms_kl\_gguf� jZa\blb_f� HEE [80, 81].
Baf_g_gb_� dhgkljmdpbb� \_dlhjh\�
bkihevah\Zgb_�bgljhgguo�mqZkldh\�]b[jb^gh]h
]_gZ� iha\hebeh� ihemqblv� `bag_kihkh[gh_
ihlhfkl\h��m�[hevr_c�qZklb�dhlhjh]h�q_j_a�hl�
ghkbl_evgh� ^ebl_evguc� ijhf_`mlhd� \j_f_gb
jZa\b\Zebkv� <��� L�de_lhqgu_�� Z� lZd`_� fb_eh�
b^gu_��OFE�ih^h[gu_��e_cd_fbb�>�����@�

BlZd�� i_j_qbke_ggu_�^Zggu_� k\b^_l_evkl�
\mxl�h�lhf��qlh�]b[jb^guc�]_g bcr/abl�y\ey_lky
g_h[oh^bfuf� dhfihg_glhf� ^ey� himohe_\hc
ljZgknhjfZpbb� de_lhd� dhklgh]h� fha]Z�� MklZ�
gh\e_gh�lZd`_��qlh�wdkij_kkby�j����\�de_ldZo
ijb\h^bl�d�jZa\blbx�hkljuo�e_cd_fbc��<�lh�`_
\j_fy� h^ghagZqgh� ihdZaZlv�� qlh� ojhgbq_kdh_
l_q_gb_� e_cd_fbb� h[mkeh\e_gh� gZebqb_f
p210, ihdZ� g_� m^Zehkv�� lh� _klv� \hijhk� h[
h[mkeh\e_gghklb� hkljuo� b� ojhgbq_kdbo�nhjf
e_cd_fbb� ebrv� j���� b p210� ijh^he`Z_l
hklZ\Zlvky�hldjuluf�

Jhev� fmlZpbc� ]_gZ bcr/abl � \� f_oZgbaf_
himohe_\hc�ljZgknhjfZpbb
Ohly� m`_� ba\_klgZ� hij_^_e_ggZy� dhjj_eypby
f_`^m� ^ebghc� bcr/abl�ljZgkdjbilh\� b� e_cd_fb�
q_kdbf� n_ghlbihf�� \hijhk� h� ijbjh^_� iheb�
fhjnbafZ� 3K
�ihablb\guo� e_cdhah\� hklZ_lky
hldjuluf�� Kj_^b� \hafh`guo� ijbqbg� [ueb� gZ�
a\Zgu� ki_pbnbqghklv� f_lbebjh\Zgby� hgdh]_gZ
bcr/abl�b�g_h^bgZdh\Zy�Zdlb\ghklv� j_]meylhjguo
ihke_^h\Zl_evghkl_c� ijb� jZaguo� \ZjbZglZo
jZaju\h\ bcr,� dhlhju_� fh]ml� h[mkeh\blv
jZaebqgu_� mjh\gb� wdkij_kkbb� hgdh]_gZ� [85],� Z
lZd`_� hlebqby� \� ehdmkZo� ljZgknhjfZpbb�� \� lh
\j_fy� dZd� gZqZevgu_� kh[ulby� ijb� OFE
aZljZ]b\Zxl� bkdexqbl_evgh� fmevlbihl_glgu_
]_fhihwlbq_kdb_� kl\heh\u_� de_ldb�� ihjZ`_gb_
[he__� ^bnn_j_gpbjh\Zgguo� de_lhd� kbkl_fu
djh\_l\hj_gby� fh`_l� \uau\Zlv� lhevdh
ljZgablhjguc�e_cdhpblha [86].�Gh�wlb�ij_^iheh�
`_gby� g_� ihemqbeb� \� ^Zevg_cr_f� wdki_jbf_g�
lZevguo�ih^l\_j`^_gbc��KjZ\gbl_evguc�ZgZeba
ljZgkdjbipbhgghc� Zdlb\ghklb� ]_gZ bcr/abl g_
\uy\be�kms_kl\_gguo�jZaebqbc�ijb�OFE�b�HEE
[87,88],� Z� ljZgknhjfZpby� fmevlbihl_glguo
]_fhihwlbq_kdbo� kl\heh\uo� de_lhd� k� mqZklb_f
bcr/abl� ijZdlbq_kdb� k� jZ\ghc� \_jhylghklvx� kih�
kh[kl\m_l�jZa\blbx�dZd�OFE��lZd�b�HEE�>�����@�

Ihfbfh� i_j_qbke_gguo� kms_kl\m_l� ij_^�
iheh`_gb_� h� gZdhie_gbb� \lhjbqguo� ]_gguo� b
�beb��ojhfhkhfguo�fmlZpbc�\�^hiheg_gb_�d�Ph'-
ljZgkehdZpbb�� qlh� ijb\h^bl� d� ihy\e_gbx
e_cdhagh]h�n_ghlbiZ�b�d�himohe_\hc�ijh]j_kkbb
ijb�OFE [92, 93].

>_ckl\bl_evgh��\h�fgh]bo�kemqZyo�wdkij_kkby
_^bgbqgh]h� hgdh]_gZ� g_� h[_ki_qb\Z_l� ij_�
\jZs_gb_� ghjfZevghc� de_ldb� \� himohe_\mx�� <
wdki_jbf_glZo�gZ�ljZgk]_gguo�furZo�ihdZaZgh�
qlh�wdkij_kkby�lhevdh�hgdh]_gZ�lmF�beb�v-H-ras
h[uqgh� g_� \uau\Z_l� \hagbdgh\_gby� himohe_c�
>Z`_�m� ]b[jb^h\��ihemq_gguo�hl v-H-ras b�myc-
ljZgk]_gguo� jh^bl_e_c�� \� ldZgyo�� wdkij_k�
kbjmxsbo�h[Z�wlbo�hgdh]_gZ��g_�\k_�de_ldb�klZ�
gh\bebkv�himohe_\ufb��ohly�qZklhlZ�ljZgknhj�
fZpbb� agZqbl_evgh� \hajZklZeZ [94].� Ihwlhfm
\hafh`gh�� qlh� ^Z`_� \� ijbkmlkl\bb� hgdh]_gZ
bcr/abl ^he`gu� ijhbahclb� dZdb_�lh� ^h[Z\hqgu_
kemqZcgu_�baf_g_gby�^ey�h[jZah\Zgby�ihegh]h
himohe_\h]h� n_ghlbiZ�� Wlb� fmlZpbb� fh]ml� ba�
f_gblv� Zdlb\ghklv� jZaebqguo� ]_gh\� b� �beb�� aZ�
ljZ]b\Zlv�kZf�hgdh]_g bcr/abl.

Ba\_klgh�� qlh� ljZgknhjfbjmxsb_� k\hckl\Z
v-Abl� h[tykgyxlky� aZf_ghc� 1+2�dhgp_\hc� Zfb�
ghdbkehlghc� ihke_^h\Zl_evghklb� ghjfZevgh]h
de_lhqgh]h�[_edZ Abl,�dhlhjZy�\dexqZ_l�6+3�^h�
f_g�� ihke_^h\Zl_evghklvx GAG� b� g_dhlhjufb
^hihegbl_evgufb� Zfbghdbkehlgufb� aZf_gZfb
[10, 95, 96].� <� lh� `_� \j_fy� h[_� nhjfu� [_edZ
Bcr/Abl�bf_xl�bglZdlguc�^hf_g SH3�b�g_�g_kml
kb]gZeh\� fbjbklbebjh\Zgby� b� ^h[Z\hqguo
baf_g_gbc�Zfbghdbkehlghc�ihke_^h\Zl_evghklb
[5, 97].
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Ke_^h\Zl_evgh�� ih\ur_gb_� himohe_jh^gh]h
ihl_gpbZeZ� $EO�ijhl_bgdbgZau� ^he`gh� h[_ki_�
qb\Zlvky� %FU�qZklvx� obf_jgh]h� [_edZ�� dhlhjZy
nmgdpbhgZevgh� aZf_gy_l� dZd� ^_e_pbx� 1+2�dhg�
p_\h]h� mqZkldZ� $EO�dbgZau�� bg]b[bjmxs_]h� __
n_jf_glgmx� Zdlb\ghklv�� lZd� b� kb]gZeu� fbjb�
klbebjh\Zgby��?keb�`_� \� kemqZ_ Ph
�ljZgkehdZ�
pbb� hgdh]_gghklv� hij_^_ey_lky� EFU�ihke_^h�
\Zl_evghklvx��lh�wlh�^Z_l�ijZ\h�ij_^iheh`blv�
qlh�kp_gZjbc�de_lhqghc�ljZgknhjfZpbb�aZ\bkbl
hl�oZjZdl_jZ�baf_g_gbc�bcr�qZklb�keblgh]h�]_gZ�

Ihkdhevdm� [eZklguc� djba� OFE�� dZd� b� HFE�
khijy`_g� k� m\_ebq_gb_f� dhebq_kl\Z� g_aj_euo
fb_ehb^guo� beb� ebfnhb^guo� de_lhd�� gh� g_
khijh\h`^Z_lky� mkbe_gb_f� wdkij_kkbb� hgdh�
[_edZ�j����%FU�$EO��oZjZdl_jghc�^ey�HEE��lh�wlh
fh`_l� k\b^_l_evkl\h\Zlv� \� ihevam� lhq_qguo
baf_g_gbc�\�l_o�^hf_gZo�� dhlhju_�ki_pbnbqgu
^ey� S���� %FU�$EO�� gh� hlkmlkl\mxl� \� [_ed_� j���
%FU�$EO�� \� lhf� qbke_� b� 'EO�^hf_gZ�� bf_xs_]h
\ukhdmx� kl_i_gv� ]hfheh]bb� d� Zfbghdbkehlguf
ihke_^h\Zl_evghklyf� q_eh\_q_kdh]h� hgdh[_edZ
Dbl�b�[_edZ CDC24�ba Saccharomyces cerevisiae
[98-100].� Ih� k\hbf� \gmljbde_lhqguf� nmgdpbyf
hg� y\ey_lky� ]mZgbg�gmde_hlb^�h[f_gb\Zxsbf
nZdlhjhf (GEF)�^ey�g_dhlhjuo�ij_^klZ\bl_e_c
k_f_ckl\Z Rho� =LNZa�� gZb[he__� ki_pbnbqguf
^ey�[_edh\ Cdc 42�b�RhoA [14].�:dlb\ghklv GEF
^hf_gZ Dbl� hgdh[_edZ� %FU�$EO�� ijh\hpbjmxsZy
h[jZah\Zgb_� Zdlbgh\uo� klj_kkh\uo� \hehdhg�
gZjy^m� k� )�Zdlbgk\yau\Zxs_c� kihkh[ghklvx
%FU�$EO�� fh`_l� h[mkeh\blv� pblhieZafZlbq_kdh_
jZkij_^_e_gb_� Zdlb\ghklb� himohe_\hc
lbjhabgdbgZau��qlh�hdZau\Z_lky�g_^hklZlhqguf
^ey� kha^Zgby� ihegh]h� himohe_\h]h� n_ghlbiZ
de_lhd�� oZjZdl_jguo� ^ey� [eZklgh]h� djbaZ� ijb
OEE� b� HEE�� <� lh� `_� \j_fy� ^jm]Zy� =LNZaZ —
Cdc42 Hs —�fh`_l�mqZkl\h\Zlv�\�ijbhklZgh\d_
pbdeZ� de_lhqgh]h� ^_e_gby� ih� imlb�� aZ\bkbfhfm
hl�j���dbgZau�>���@�

<ke_^kl\b_� ij_^iheZ]Z_fuo� baf_g_gbc� \
'EO�^hf_g_� %FU�$EO�� dhlhju_� aZdj_ieyxlky� him�
ohe_\hc�k_e_dpb_c��[hevrmx�Zdlb\ghklv�kfh]eb
[u� ijhy\eylv� bgu_� [_edb� k� *()�Zdlb\ghklvx
^ey� l_o� `_� kZfuo� =LNZa�� \� qZklghklb�� [_ehd
Vav.�DZd�mdZau\Zehkv�\ur_� Vav�y\ey_lky�h^ghc
ba� fbr_g_c� %FU�$EO�dbgZau�� dhlhjZy� i_j_\h^bl
_]h� \� Zdlb\gh_� khklhygb_� >���@�� 'EO�^hf_g
%FU�$EO�b Vav�bf_xl�h[sb_�wnn_dlhju�ba�Rho-
k_f_ckl\Z��gh�^_ckl\mxl�gZ�gbo�g_h^bgZdh\h —
Zdlb\ghklv Vav� gZijZ\e_gZ� [hevr_� gZ� Rad-
=LNZam� >���� ���@�� <hafh`gh�� qlh� ij_bfm�
s_kl\_ggZy� Zdlb\Zpby Rac1� \uau\Z_l� jZajm�
r_gb_� klj_kkh\uo� \hehdhg�� m\_ebq_gb_� ^bn�
nmabb� Zdlbgh\uo� fhghf_jh\�� lh� _klv� i_j_�
jZkij_^_e_gb_�\gmljbde_lhqgh]h�imeZ�%FU�$EO�b
[he__� ehdZevgh_� nhknhjbebjh\Zgb_� jy^Z
f_f[jZgguo� b� hdhehf_f[jZgguo� [_edh\� Lyn,
Hsk, FAK, Shc,� j���� c-Kit� b� jy^Z� ^jm]bo�� qlh
\e_q_l�aZ�kh[hc�Zdlb\Zpbx�kb]gZeZ�hl�fgh]bo

de_lhqguo� j_p_ilhjh\�� ih\urZ_l� wdkij_kkbx
[_edh\ —� bg^mdlhjh\� de_lhqgh]h� \u`b\Zgby� b
^_e_gby� b� aZimkdZ_l� Zmlhdjbgguc� f_oZgbaf
h[jZah\Zgby�jhklh\uo�nZdlhjh\�

?klv�fgh]h�^Zgguo�\�ihevam�j_rZxs_c�jheb
hdhehf_f[jZggh]h� jZkiheh`_gby� hgdh]_gguo
ijhl_bgdbgZa�\�fZeb]gbaZpbb� de_ldb��GZijbf_j�
Zfbghdbkehlgu_� aZf_gu� \� p_ib NH2�dhgp_\hc
fbjbklbgh\hc� dbkehlu� m� F�6UF�dbgZau� gZjmrZxl
__� kihkh[ghklv� ijbdj_ieylvky� d� f_f[jZg_� b
ljZgknhjfbjh\Zlv�de_ldb�>���@�

;_edb Gag-v-Abl� \bjmkZ� furbghc� e_cd_fbb
:[_evkhgZ�b Gag-Bcr/Abl,�k\yau\Zxsb_ky�k�f_f�
[jZghc� [eZ]h^Zjy� fbjbklbebjh\Zgghc� 1G2�dhg�
p_\hc� h[eZklb�� h[_ki_qb\Zxl� g_aZ\bkbfhklv
ijhebn_jZpbb� ljZgknhjfbjh\Zgguo� nb[jh�
[eZklh\�J�ALA�dZd�hl�Z^]_abb��lZd�b�hl�jhklh\uo
nZdlhjh\ [95, 96,� ���@�� \� lh� \j_fy� dZd�g_fbjbk�
lbebjh\Zgguc� [_ehd� %FU�$EO� hlf_gy_l� aZ\bkb�
fhklv�lhevdh�hl�kb]gZeh\�ijbdj_ie_gby [5, 95].

LZdbf� h[jZahf�� hdhehf_f[jZggZy� ehdZeb�
aZpby�ijhl_bgdbgZaghc�Zdlb\ghklb�[_edZ�%FU�$EO
^hklZlhqgZ�^ey�h[_ki_q_gby�iheghc�himohe_\hc
ljZgknhjfZpbb� b� _c�� \_jhylgh�� fh]ml� kihkh�
[kl\h\Zlv�g_�lhevdh�baf_g_gby�\�'EO�^hf_g_��gh
b� ^jm]b_� nmgdpbhgZevgu_� baf_g_gby� ^hf_gh\
keblgh]h�hgdh[_edZ�

<ke_^kl\b_ Ph
�ljZgkehdZpbb�l_jy_lky�KHHG�
dhgp_\Zy�h[eZklv�%FU�k GAP��hl GTPase activating
protein) —�Zdlb\ghklvx�^ey�[_edh\ Rac�b�Cdc42,
dhlhjZy� i_j_\h^bl� wlb� =LNZau� \� g_Zdlb\gh_�
=>N�k\yaZggh_� khklhygb_ [14, 98].�H[jZah\Zgb_
obf_jgh]h�[_edZ�%FU�$EO�khijy`_gh�k�^\mdjZlguf
mf_gvr_gb_f� %FU� *$3�Zdlb\ghklb� \� de_ld_�� Z
fmlZpbb� bglZdlgh]h� ]_gZ� bcrfh]ml� ijb\h^blv� d
iheghfm�__�bkq_agh\_gbx�

M� furbguo� EFU�QXOO�fmlZglh\� gZ[ex^Z_lky
ih\ur_gb_� dhebq_kl\Z� f_f[jZghk\yaZggh]h�
l�_�� Zdlb\bjh\Zggh]h� [_edZ Rac.� MklZgh\e_gh�
qlh�%FU�b]jZ_l�aZf_lgmx�jhev�\�j_]meypbb�nmgd�
pbb Rac� \� e_cdhpblZo� b� mqZkl\m_l� \� 5DF�aZ\b�
kbfhf�e_cd_fh]_g_a_ [14].

Ih\ur_gb_� \gmljbde_lhqgh]h� mjh\gy� =LN�
k\yaZggh]h� 5DF�[_edZ� \ke_^kl\b_� ^bknmgdpbb
Bcr-Dbl� b Bcr-GAP� fh`_l� \uau\Zlv� Zdlb\Zpbx
jb[hkhfZevghc�6��dbgZau (p70S6K) [106],�\dex�
q_gb_ JNK/SAPK,�j���kb]gZevguo�dZkdZ^h\� [107-
115],� j_iebdZpbx� >GD� b� ^_e_gb_� de_lhd�
Furbgu_� nb[jh[eZklu� J�ALA�� ljZgknhjfb�
jh\Zggu_�hgdh]_ghf v-abl,�gh�fmlZglgu_�ih� rac,
l_jyxl� kihkh[ghklv� d� ^_e_gbx� [_a� jhklh\uo
nZdlhjh\ [105].� <� lh� `_� \j_fy� ^hfbgZglgu_
g_Zdlb\gu_� fmlZpbb c-jun� gZjmrZxl� ljZgknhj�
fZpbx� de_lhd� ih^� ^_ckl\b_f� hgdh]_gZ bcr/abl.
De_ldb� L�ebfnhfu�� dhlhju_� wdkij_kkbjmxl� ]b�
i_jZdlb\guc Rac1,� ijbh[j_lZxl� kihkh[ghklv� d
bg\Zabb� >���@�� MklZgh\e_gh�� qlh� ih\ur_gb_
de_lhqghc� ih^\b`ghklb� b� bg\Zab\ghklb� ih^
^_ckl\b_f Rac1� g_� lj_[mxl� mqZklby JNK-� beb
j��6��dbgZa�� Z� hij_^_ey_lky� Zdlb\ghklvx� db�
gZau�J����>���@��:dlb\Zpby�ihke_^g_c�ih^

186
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^_ckl\b_f Cdc 42�b Rac1�baf_gy_l�hj]ZgbaZpbx
Zdlbgh\h]h� pblhkd_e_lZ� himohe_\uo� de_lhd�
ih\urZy� bo� kihkh[ghklv� ijhgbdZlv� q_j_a� [Z�
aZevgmx� f_f[jZgm� b� nhjfbjh\Zlv� \lhjbqgu_
dhehgbb��Wlb�nZdlu�k\b^_l_evkl\mxl�h�lhf��qlh
Rac1�kb]gZevguc� imlv� g_h[oh^bf� ^ey� jZa\blby
kh[ulbc� 3K
�e_cdhah]_g_aZ�� ijhp_kkh\� bg\Zabb
himohe_\uo�de_lhd�b�f_lZklZabjh\Zgby�

Ke_^m_l� mqblu\Zlv� b� \hafh`gh_� mqZklb_� \
fZeb]gbaZpbb�[_edh\h]h�ijh^mdlZ�ghjfZevgh]h
]_gZ c-abl —�k�$EO�ijhl_bgdbgZau��hlghkys_cky
d� m[bd\blZjguf� b� ihebnmgdpbhgZevguf
de_lhqguf�[_edZf [118,����@��?_�y^_jgZy�ehdZ�
ebaZpby��gZebqb_�>GD�k\yau\Zxs_]h�^hf_gZ�b
lbjhabgdbgZaghc� Zdlb\ghklb� h[_ki_qb\Zxl� k�
$EO� Zdlb\gh_� mqZklb_� \� j_]meypbb� de_lhqgh]h
pbdeZ� b� ]_gghc� wdkij_kkbb�� N_jf_glgu_
k\hckl\Z� k�$EO� aZ\bkyl� hl� _]h� ZkkhpbZpbb� k
himohe_\uf� kmij_kkhjguf� [_edhf� j_lbgh[eZ�
klhfu pRb.� J_ZebaZpby� de_lhqgh]h� pbdeZ� kh�
ijh\h`^Z_lky� nhknhjbebjh\Zgb_f� [_edZ Rb
pbdebgaZ\bkbfufb�dbgZaZfb�\�j_kljbdpbhgghc
lhqd_ G1�nZau� b� \uk\h[h`^_gb_f� Zdlb\b�
jh\Zgghc� k�$EO�ijhl_bgdbgZau�� dhlhjZy� kj_^b
^jm]bo� y^_jguo� [_edh\� nhknhjbebjm_l� dZlZ�
eblbq_kdmx� km[t_^bgbpm� JGD�ihebf_jZau II� b
l_f� kZfuf� kihkh[kl\m_l� ]_gghc� ljZgkdjbipbb
[60, 120].

Gh�\�lh�`_�\j_fy�k�$EO�ijbqZkl_g�d�hklZgh\�
d_� pbdeZ� ^_e_gby� b� aZimkdm� klj_kkh\h]h� kb]�
gZevgh]h�imlb�ijb�mqZklbb�dbgZau JNK/SAPK \
hl\_l� gZ� ih\j_`^_gby� >GD� ]_ghlhdkbq_kdbfb
e_dZjkl\_ggufb� ij_iZjZlZfb� beb� bhgbab�
jmxsbf� baemq_gb_f [121-123].� G_� bkdexq_gh�
qlh�gZjmr_gb_�nmgdpbb� ]_gZ�abl� \� kemqZ_ Ph'-
ljZgkehdZpbb� b�� \hafh`gh�� ^hihegbl_evgu_
fmlZpbb� \� g_f� fh]ml� kihkh[kl\h\Zlv
\hagbdgh\_gbx� e_dZjkl\_gghc� j_abkl_glghklb
e_cd_fbq_kdbo�de_lhd�

DZd�ij_^iheZ]Zxl��[ehdbjh\Zgb_�de_lhqgh]h
pbdeZ� khijh\h`^Z_lky� h[jZah\Zgb_f� dhfie_d�
kh\� k�$EO� b� himohe_\h]h� kmij_kkhjgh]h� [_edZ
j���� ih\ur_gb_f� wdkij_kkbb� ]_gZ� p21� b� kgb�
`_gb_f� Zdlb\ghklb� pbdebgaZ\bkbfhc� dbgZau
Cdk2,� g_h[oh^bfhc� ^ey� nhknhjbebjh\Zgby
[_edZ Rb� b� hlf_gu� S5E�aZ\bkbfhc� hklZgh\db
pbdeZ�^_e_gby [122, 123].

DZd�ba\_klgh��bgZdlb\Zpby�kmij_kkhjguo�]_�
gh\�himohe_\h]h�jhklZ�� \� lhf� qbke_ j��� b Rb,
bf__l� [hevrh_� agZq_gb_� \� jZa\blbb� fgh]bo
himohe_c [124,� ���@�� L_f� g_� f_g__�� ZgZeba
fmlZpbc� himohe_\uo� kmij_kkhjguo� ]_gh\ Rb� b
j�� m� [hevguo� OFE� k� ijbf_g_gb_f� IPJ�
l_ogheh]bb�� ]b[jb^baZpbb� k� heb]h�
gmde_hlb^gufb� ahg^Zfb�� k_d\_gbjh\Zgby
ihebgmde_hlb^guo� ihke_^h\Zl_evghkl_c
hijh\_j]� \u^\bgmlh_� jZg__� ij_^iheh`_gb_� h
kms_kl\_gghf� \deZ^_� wlbo� ]_g_lbq_kdbo
gZjmr_gbc�\�JK

+
�e_dhah]_g_a��Ohly�gZjmr_gb_

]_gZ j��� [ueh� h[gZjm`_gh� m� 5%� [hevguo� \
hkljhc� klZ^bb� OFE [93,� ���@�� baf_g_gb_� ]_gZ
Rb�\�hkljhc�b�ojhgbq_kdhc�klZ-

^byo�b� ]_gZ�j���\�ojhgbq_kdhc�klZ^bb�JK
+-

fb_ehe_cdhaZ� g_� [ueb� h[gZjm`_gu� beb� bo
qZklhlZ�[ueZ�hq_gv�gbadhc [92].

Bgl_j_kgh�� qlh� \� kemqZ_� hkljh]h Ph
�g_]Z�
lb\gh]h�fb_ehe_cdhaZ�qZklhlZ�fmlZpbc�dZd�him�
ohe_\uo�kmij_kkhjguo� ]_gh\��lZd�b�ijhlhhgdh�
]_gh\� gZfgh]h� \ur_�� q_f� ijb Ph
�ihablb\guo
e_cd_fbyo� —�gZjmr_gby�]_gZ�j���[ueb�\uy\�
e_gu�m 30%�iZpb_glh\�k�3K
�g_]Zlb\guf�HFE�
?keb�qZklhlZ�fmlZpbc�ijhlhhgdh]_gh\ H-, N-, K-
ras� m� [hevguo� k Ph
�ihablb\guf� OFE� khklZ\�
ey_l 0-3%,�HFE — 10%,�lh�ijb�3K
�g_]Zlb\ghf
HFE� hgZ� ^hklb]Z_l 30% [126-128].� Wlh
mdZau\Z_l� gZ� jZagu_� fhe_dmeyjgu_� ij_^ih�
kuedb� de_lhqghc� ljZgknhjfZpbb� ijb�  Ph’-
ihablb\guo� b� 3K
�g_]Zlb\guo� fb_eh�
ijhebn_jZlb\guo�ijhp_kkZo�

Hq_\b^gh�� qlh� fmlZpbb� kmij_kkhjguo� him�
ohe_\uo� ]_gh\� b� ijhlhhgdh]_gh\ Ras-
k_f_ckl\Z� g_� \ebyxl� beb� \ebyxl
g_agZqbl_evgh� gZ� nhjfbjh\Zgb_� n_ghlbiZ
3K
�ihablb\guo� e_cdhaguo� de_lhd�
Fhe_dmeyjgu_�hkgh\u�himohe_\hc�ijh]j_kkbb�
ih�\b^bfhfm�� ke_^m_l� bkdZlv� \� baf_g_gbyo
kZfh]h�hgdh]_gZ bcr/abl,�ghjfZevguo�]_gh\�ZVO,
bcr��Z�lZd`_�l_o�hgdh]_gh\��wdkij_kkby�dhlhjuo
ki_pbnbqgZ� ^ey� ]_fhihwlbq_kdbo� de_lhd�� Z
hkh[_ggh�^ey�ebfnhb^gh]h�jhkldZ� vav, cbl, crk
b� ^jm]bo�� G_� bkdexq_gh�� qlh Ph
�ljZgk�
nhjfZpby� ijhbkoh^bl� ebrv� ijb� mqZklbb
[hevrh]h� dhebq_kl\Z� \lhjbqguo� ]_g_lbq_kdbo
baf_g_gbc�� dhlhju_� khojZgyxlky� b
gZdZieb\Zxlky� \� de_lhqghc� ihimeypbb� \� oh^_
himohe_\hc�k_e_dpbb�

;_ehd Bcr-Abl � b� imlb� i_j_^Zqb
\gmljbde_lhqgh]h�kb]gZeZ
Himohe_\Zy� lbjhabgdbgZaZ� %FU�$EO� kihkh[gZ
nhknhjbebjh\Zlv� b� k\yau\Zlv� [hevrh_� dheb�
q_kl\h� pblhieZafZlbq_kdbo� [_edh\ [5, 12, 95,
129],� qlh� h[_ki_qb\Z_l� __� mqZklb_� \h� fgh]bo
iZjZee_evguo� imlyo� i_j_^Zqb� \gmljbde_lhq�
gh]h� kb]gZeZ� p210� %FU�$EO� mf_gvrZ_l� Znnbg�
ghklv� Z^]_ab\guo� j_p_ilhjh\ [129]� b� Zdlb\b�
jm_l� bgl_]jbgaZ\bkbfuc� kb]gZevguc� imlv [95,
129,� ���@�� Ijb� \aZbfh^_ckl\bb� wlh]h� [_edZ� k
\g_de_lhqguf� fZljbdkhf� dhgljhebjmxlky� ^_�
e_gb_�� ^bnn_j_gpbjh\dZ� b� Zihilha� ]_fhihw�
lbq_kdbo� de_lhd�� qlh� hkms_kl\ey_lky� aZ� kq_l
bgl_]jbgh\uo� j_p_ilhjh\ [131-135],�P_gljZev�
gh_� f_klh� \� bgl_]jbgaZ\bkbfhc� kb]gZevghc
i_j_^Zq_� ijbgZ^e_`bl� dbgZa_� nhdZevghc� Z^�
]_abb (FAK) [120, 134-137]. FAK� Zkkhpbbjm_lky
dZd�k�pblhieZafZlbq_kdbfb�^hf_gZfb�β1�km[t_�
^bgbpu�bgl_]jbgh\h]h�j_p_ilhjZ��lZd�b�k�jy^hf
\gmljbde_lhqguo�kb]gZevguo�fhe_dme�
lbjhabgh\hc� ijhl_bgdbgZahc Src,� Z^Zilhjgu�
fb�[_edZfb Grb2�b Crk,�pblhkd_e_lguf�[_edhf
iZdkbebghf� b� nhknZlb^bebghablhe���dbgZahc
(PI-3K) [120, 134, 135, 138],� dZ`^Zy�ba� dhlhjuo
\uklmiZ_l� wnn_dlhjhf� ^ey� hgdh[_edZ p210
Bcr/ Abl [5, 11, 12, 39, 129, 139, 140].
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:^Zilhjgu_� [_edb Grb 2� b Crk� y\eyxlky
mqZklgbdZfb� 5$6�0$3.�kb]gZevgh]h� imlb [98,
137, 141],�\_^ms_]h�dZd� d�wdkij_kkbb� ]_gh\�jZg�
g_]h�hl\_lZ c-fos�b c-jun [141,����@��lZd�b�d�Zdlb�
\Zpbb�nhknhebiZau� :2 (PLA2) [134]. PLA2� ]b^�
jhebam_l�]ebp_jhnhknhebib^u�k�h[jZah\Zgb_f
ebahnhknhebib^h\� b� ZjZob^hgh\hc� dbkehlu�
ijh^mdlu�ij_\jZs_gbc� dhlhjhc�\Z`gu�^ey� dhg�
ljhey�ihebf_jbaZpbb�ZdlbgZ [134].

>_e_gb_�de_lhd�aZ\bkbl�g_�lhevdh�hl�Z^]_abb
d� fZljbdkm�� gh� b� hl� nZdlhjh\� jhklZ�� LjZgk�
nhjfZpby� hgdh]_ghf bcr/abl� jZaguo� lbih\� de_�
lhd� ih�jZaghfm� baf_gy_l� mkeh\by� fblh]_g_aZ�
?keb� ^ey� ihimeypbb� nb[jh[eZklh\ NIH� ALA
Zdlb\ghklv� S���� %FU�$EO� h[_ki_qb\Z_l� g_aZ\b�
kbfhklv� de_lhqgh]h� ^_e_gby� lhevdh� hl� ijb�
dj_ie_gby�� gh� g_� hl� nZdlhjh\� jhklZ�� lh� ijh�
ebn_jZpby�]_fhihwlbq_kdbo�de_lhd�jy^Z�ebgbc�
ljZgknhjfbjh\Zgguo p210� %FU�$EO�� lZdbo� dZd
BaF3, M07E, NFS/N1.H7,� g_� aZ\bkbl� gb� hl
Z^]_abb�� gb� hl� wdah]_gguo�nZdlhjh\� jhklZ [95,
142,����@��H^gZdh�kh]eZkgh�^jm]bf�khh[s_gbyf�
p210�%FU�$EO�lhevdh�mf_gvrZ_l��Z�g_�iheghklvx
mkljZgy_l�ihlj_[ghklv�\�nZdlhjZo�jhklZ�m�ghj�
fZevguo� furbguo� ]_fhihwlbq_kdbo� de_lhd�
ij_^r_kl\_ggbdh\� >�@�� <hafh`gh�� qlh
g_h^bgZdh\uc� ljZgknhjfbjmxsbc� ihl_gpbZe
p210� %FU�$EO� fh`_l� aZ\bk_lv� dZd� hl
hkh[_gghkl_c� hl^_evguo� de_lhd� b� de_lhqguo
ebgbc� ba�aZ� gZdhie_gby� bfb� ki_pbnbq_kdbo
]_gguo� baf_g_gbc�� lZd� b� hl� oZjZdl_jZ� ]_gghc
wdkij_kkbb��ijbkms_c�de_lhqghfm�lbim�\�p_ehf�
<� i_j_qbke_gguo� ]_fhihwlbq_kdbo� de_ldZo�� gh
g_� \� nb[jh[eZklZo�� p210� %FU�$EO� kihkh[_g
Zdlb\bjh\Zlv� i_j_^Zqm�fblh]_ggh]h� kb]gZeZ� hl
j_p_ilhjh\� nZdlhjh\� jhklZ� b� \uau\Zlv
h[jZah\Zgb_�Zmlhdjbgguo�nZdlhjh\�jhklZ [129,
143].�Kj_^b�pblhdbgh\� hkh[Zy� jhev� \� dhgljhe_
^_e_gby�� \u`b\Zgby� b� ^bnn_j_gpbjh\db
]_fhihwlbq_kdbo� de_lhd�ij_^r_kl\_ggbdh\
ijbgZ^e_`bl IL-3, SF (stem cell factor), GM-CSF
(granulolocyte/macrophage colony-stimulating
factor) [131, 132, 144-150]. I_j_^ZqZ�kb]gZeZ�hl
j_p_ilhjh\� \h� fgh]hf� kbg_j]bqgZ�� <� oh^_
k\yau\Zgby� k� eb]Zg^hf� ijhbkoh^bl� Zdlb\Zpby
j_p_ilhjguo (c-kit)� beb� g_j_p_ilhjguo (c-Fes,,
Yes, Lyn, Hsk, JAK)� lbjhabgh\uo� ijhl_bgdbgZa�
g_h[oh^bfZy� ^ey� k\yau\Zgby� k� pblh�
ieZafZlbq_kdbfb� ^hf_gZfb� j_p_ilhjh\� b
ihke_^mxs_]h� nhknhjbebjh\Zgby� fgh]bo
kb]gZevguo�fhe_dme��Z�bf_ggh� Shc, Vav, PLCg,
STAT1, STAT5, STAT3 [144, 145, 147, 150, 151]�b
ZkkhpbZpbb� k� j_]meylhjghc� j���km[t_^bgbp_c
PI-3K [144, 151, 152].

<� ljZgknhjfbjh\Zgguo� de_lhqguo� ebgbyo
Zdlb\Zpby� 5$6�0$3.�kb]gZevghc� i_j_^Zqb� hl
j_p_ilhjh\� nZdlhjh\� jhklZ� ijhbkoh^bl� iml_f
k\yau\Zgby� Z^Zilhjgh]h� [_edZ Grb2� b� nhk�
nhjbebjh\Zgby�lj_o�^jm]bo�Z^Zilhjguo�[_edh\
— Shc, CrkL, Cbl —�hgdh[_edhf p210 Bcr/Abl [5,
11, 38, 129, 137, 150].

;_edb CrkL� b Cbl� bf_xl� hkh[h_� agZq_gb_� \
e_cdhah]_g_a_�� l�d�� hgb� nhknhjbebjh\Zgu� ih
lbjhabgm�_s_�\�i_j\bqguo�3K
�ihablb\guo� de_l�
dZo�ij_^r_kl\_ggbdZo� >���@��<�hiulZo�ih� ljZgk�
n_dpbb� hgdh]_g cbl� \uau\Z_l� <�de_lhqgmx� b
fb_ehb^gmx� e_cd_fbx� fur_c�� Z� _]h� [_edh\uc
ijh^mdl� \aZbfh^_ckl\m_l� kh� fgh]bfb� \kihfh�
]Zl_evgufb� kb]gZevgufb� fhe_dmeZfb — CrkL,
Crk, Grb2� b� k� j_]meylhjghc� _^bgbp_c� j�� PI-3K
[153, 154].

:dlb\Zpby� 5$6�0$3.�kb]gZevgh]h� imlb� \Z`�
gZ��gh�g_^hklZlhqgZ�^ey�nhjfbjh\Zgby�ihegh]h
himohe_\h]h� n_ghlbiZ�� LjZgknhjfbjh\Zggu_
de_ldb� ebgbb NIH3T3� k� ^hfbgZglgufb
g_]Zlb\gufb� fmlZpbyfb� ]_gh\ ras� b raf� khojZ�
gyxl� kihkh[ghklv� jZklb� [_a� ijbdj_ie_gby� d
fZljbdkm [95].� :dlb\Zpby� 5DV�kb]gZevgh]h� imlb
g_h[oh^bfZ� ^ey� \u`b\Zgby�� gh� g_^hklZlhqgZ
^ey� aZimkdZ� fblhaZ [12, 142,� ���@�� Kms_kl\mxl
Zevl_jgZlb\gu_� kb]gZevgu_� imlb�� mqZklb_� \
dhlhjuo�[_edZ p210�%FU�$EO�\_^_l�d�g_h[jZlbfhc
himohe_\hc�ljZgknhjfZpbb��D�gbf�hlghkylky PI-
3K-, PLCy-, JAK/STAT-,� 9DY�aZ\bkbfu_� imlb
i_j_^Zqb�\gmljbde_lhqgh]h�kb]gZeZ�

NhknhebiZaZ Cg (PLCγ)� hkms_kl\ey_l� jZk�
s_ie_gb_� nhknZlb^bebghablhe���� ��^bnhknZ�
lZ� gZ� bghablheljbnhknZl� �1J3),� h[jZah\Zgb_
dhlhjh]h� ijb\h^bl� d� ih\ur_gbx� \gmljbde_lhq�
ghc� dhgp_gljZpbb� bhgh\� KZ

2+
�� b 1,� ��^bZpbe�

]ebp_jbg (DAG),� dhlhjuc� Zdlb\bjm_l� ijhl_bg�
dbgZam� K� �JDK�� PLCγ� y\ey_lky� \Z`g_crbf
\gmljbde_lhqguf� j_]meylhjhf� fblh]_g_aZ�� i_�
j_kljh_d� pblhkd_e_lZ� b� h^gbf� ba� wnn_dlhjh\
p210�%FU�$EO�dbgZau�>���@�

LjZgkdjbipbhggu_� nZdlhju� 67$7�k_f_c�
kl\Z (signal transduser and activators transcrip-
tion),� [_edb STAT1, STAT5� nhknhjbebjmxlky
ih^�^_ckl\b_f JAK (Janus kinase)�b�dbgZau p210
%FU�$EO� b� mqZkl\mxl� \� wdkij_kkbb� ]_gZ� jZgg_]h
hl\_lZ c-fos [145, 147, 157, 158].
Ebib^gZy� dbgZaZ PI-3K� nhknhjbebjm_l� nhk�
nZlb^bebghablhe (PI)�b�_]h�ijhba\h^gu_�J,���J�
PI (4,���J2�\�'3�±iheh`_gbb�bghablhevgh]h�dhev�
pZ�� ?_� ijh^mdlu� b]jZxl� \Z`gmx� jhev� \
i_j_kljhcdZo� pblhkd_e_lZ [134, 138,� ���@�� de_�
lhqghc� ijhebn_jZpbb� b� ljZgknhjfZpbb [39,
139, 159, 160]. Bghablhevgu_� ebib^u�� dhlhju_
nhknhjbebjmxlky PI-3K,� g_h[oh^bfu� ^ey
bgZdlb\Zpbb�[_edZ�Bad,�aZimkdZxs_]h�Zihilha�

Ij_^iheZ]Z_fZy� ihke_^h\Zl_evghklv� kh[u�
lbc�� kihkh[kl\mxsbo� \u`b\Zgbx� de_lhd�� lZdh�
\Z�� ih^�^_ckl\b_f�nZdlhjh\�jhklZ PI-3K� h[jZ�
am_l�\lhjbqgu_�f_kk_g^`_ju�J,���� ��J2�b�J����
4, 5)P3,�dhlhju_�k\yau\Zxl�b�Zdlb\bjmxl�k_jbg�
lj_hgbg�ijhl_bgdbgZau Akt� b PDK (phospoino-
sitide-dependent kinase-1)� q_j_a� bo�JG (plekstrin
JRPR1hJ\��^hf_g� >���@�� :dlb\bjh\ZggZy� dbgZaZ
Akt�nhknhjbebjm_l�ijhZihilhaguc�nZdlhj�Bad.
Ihke_^mxsZy�^bkkhpbZpby�]_l_jh^bf_�jh\ Bcl-
2�k_f_ckl\Z Bad/Bcl-XI�beb Bad/Bcl-2
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\_^_l� d� fh[bebaZpbb� iml_c� de_lhqgh]h� �kiZk_�
gby��� d� ih^Z\e_gbx� \uoh^Z� pblhojhfZ� K� ba
fblhohg^jbc� b� ihke_^mxs_]h� dZkiZagh]h�ijh�
l_Zagh]h�dZkdZ^Z��\_^ms_]h�d�]b[_eb�de_ldb�>����
165].

Ihfbfh�wlh]h��Zdlb\bjh\ZggZy�ijh^mdlZfb
PI-3K� ijhl_bgdbgZaZ Akt� ih\urZ_l� \gmljbde_�
lhqguc� mjh\_gv Bcl-2� b� k�Fmk [39].�Wlb� ^\Z� kb]�
gZeZ� ^hklZlhqgu� ^ey� \klmie_gby� de_lhd� \� pbde
^_e_gby� b� h[_ki_qb\Zxl� ]_fhihwlbq_kdbf� de_l�
dZf� ebgbb BaF3,� ljZgknbpbjh\Zgguo� ]bi_jZd�
lb\ghc�dbgZahc Akt,�g_aZ\bkbfhklv�hl�wdah]_gguo
nZdlhjh\�jhklZ [39].

J_]meylhjgZy� km[t_^bgbpZ� j��� nhknZlb^b�
ebghablhe���dbgZau�\aZbfh^_ckl\m_l�k�S����%FU�
$EO�lbjhabgdbgZahc [139,� ���@�� Z� ki_pbnbq_kdbc
bg]b[blhj�J1�AD�\hjlfZgbg�²�m]g_lZ_l�jhkl�JK
�
ihablb\guo� de_lhqguo� ebgbc� >���@�� <k_� wlb
nZdlu� k\b^_l_evkl\mxl� h� \Z`ghc� jheb PI-3K-
imlb�\�JK
�bg^mpbjh\Zgghf�e_cdhah]_g_a_�

?s_� h^ghc� \Z`ghc� fbr_gvx� ^ey� \ebygby
nhknhjbebjh\Zgby Bcr/Abl� y\ey_lky Vav.� ;_e�
dh\uc�ijh^mdl�ijhlhhgdh]_gZ vav�g_h[oh^bf�^ey
dhgljhey�� ^bnn_j_gpbjh\db� b� nmgdpbhgb�
jh\Zgby� L�� b� <�ebfnhpblh\ [166-168].� GZjm�
r_gb_ vav-ehdmkZ� \_^_l� d� baf_g_gbyf� \� ebf�
nh]_g_a_�b�jZa\blbx�ebfnhi_gbb� Vav�y\ey_lky
'EO�^hf_gkh^_j`Zsbf� ]mZgbg�gmde_hlb^�
h[f_gb\Zxsbf� *()�[_edhf�� gZb[he__� ki_pb�
nbqguf� ^ey Rac1� b� \� f_gvr_c� kl_i_gb —^ey
RhoA�b Cdc42�=LNZa� >���@��:dlb\Zpby�[_edZ�Vav
\�JK
�]_fhihwlbq_kdbo�de_ldZo�ijhbkoh^bl�iml_f
nhknhjbebjh\Zgby�ih^�^_ckl\b_f�j_p_ilhjguo
lbjhabgdbgZa� b� %FU�$EO�dbgZau [102, 167, 168].
Nhknhjbebjh\Zgguc p95Vav� dZlZebabjm_l
aZf_gm�=>N�=LN�^ey�mdZaZgguo�=LNZa��i_j_\h^y
bo�\�Zdlb\gh_�khklhygb_ [98].

RhoA, Rac1, Cdc42 —� qe_gu� g_[hevrh]h
5KR$�k_f_ckl\Z� [_edh\�j_]meylhjh\� hj]ZgbaZ�
pbb� pblhkd_e_lZ [98, 103, 107, 108, 116].� :dlb�
\Zpby Rac1� ih^� ^_ckl\b_f� nZdlhjh\� jhklZ
\uau\Z_l� kfhjsb\Zgb_� de_lhqghc� f_f[jZgu� b
nhknhjbebjh\Zgb_� lhgdbo� \ujhklh\ —� eZ�
f_ehih^bc [108, 116, 169]. RhoA�g_h[oh^bf�^ey
h[jZah\Zgby� Zdlbgh\uo� klj_kkh\uo� \hehdhg� b
nhdZevguo�dhglZdlh\��Z Cdc42 —�^ey�ihy\e_gby
fbdjhrbih\ -� nbehih^bc [108, 169, ���@�� GZ
fhe_dmeyjghf� mjh\g_ RhoA� b Rac1 j_]mebjmxl
Zdlb\ghklv� nhknZlb^bebghablhe���nhknZl���
dbgZau (PIP-5K),� l�_�� h[jZah\Zgb_
nhknZlb^bebghablhe[bnhknZlh\ (PIP2),� g_�
h[oh^bfuo� ^ey� Zdlbgh\hc� ihebf_jbaZpbb [108,
134, 169, 171]. Cdc42� k\yau\Z_l� j���km[t_^b�
gbpm PI-3K� b� Zdlb\bjm_l� dbgZagmx� Zdlb\ghklv
[172]. Cdc42� b Rac� Zdlb\bjmxl JNK/SAPK (c-jun
terminal kinase/stress activated protein kinase), a
Rac�b Rho —�j���imlv�j_]meypbb�^_e_gby�de_lhd�
bo�khaj_\Zgby�b�ZihilhaZ[107, 108, 109-114].
H^bg�ba�iml_c�\aZbfh^_ckl\by Ras-�b Rac/ Rho-
kb]gZevguo�dZkdZ^h\�hkms_kl\ey_lky�gZ

mjh\g_�*$3�[_edh\ (GTPase activating protein) —
p120 RAS GAP� b� j��� Rho GAP,� dhlhju_� y\�
eyxlky� wnn_dlhjZfb� S���� %FU�$EO�lbjhabgdb�
gZau�\�himohe_\uo�de_ldZo [160, 172, 115, 173].
K\yau\Zgb_� j���� k Ras GAP,� dZd� b� _]h
nhknhjbebjh\Zgb_�� \_^_l� d� ih\ur_gbx� Zd�
lb\ghklb� j��� Rho GAP,� mf_gvr_gbx� kh^_j�
`Zgby� \gmljbde_lhqgh]h� 5KR�=LN� b� d� jZajmr_�
gbx�Zdlbgh\uo�klj_kkh\uo�\hehdhg�>���@�

LZdbf�h[jZahf� p210 Bcr/Abl�Zdlb\bjm_l�fgh�
]b_� kb]gZevgu_� imlb�� dhlhju_�� ih�\b^bfhfm�
hlebqZxlky� \� ]_fhihwlbq_kdbo� de_ldZo� b� nb[�
jh[eZklZo��qlh�kha^Z_l�jZagu_�mkeh\by�^ey�de_�
lhd�%FU�$EO�aZ\bkbfhc�ljZgknhjfZpbb�de_lhd�

GZjmr_gb_� fblh]_ggh]h� kb]gZeZ� b� m\_ebq_�
gb_�ijh^he`bl_evghklb�`bagb�de_lhd�djh\b�ih^
^_ckl\b_f p210 Bcr/Abl� ijb\h^bl� d� ij_bfms_�
kl\_gghfm�gZdhie_gbx�fb_ehb^guo� de_lhd��gZ�
[ex^Z_fhfm�\�l_q_gb_�ojhgbq_kdhc�nZau�OFE�
Mklhcqb\hklv� d� Zihilham� b� g_dhgljhebjm_fuc
jhkl� de_lhqghc� ihimeypbb� fh]ml� ijb\h^blv� d
gZdhie_gbx� \lhjbqguo� fmlZpbc� b� himohe_\hc
ijh]j_kkbb�

AZdexq_gb_
Ijh^mdl� ]b[jb^gh]h� ]_gZ bcr/abl� y\ey_lky� ]eZ\�
guf� i_j\bqguf� nZdlhjhf�� hij_^_eyxsbf� gZ�
qZevgmx� klZ^bx� OFE� b� HEE� ijb� gZebqbb� nb�
eZ^_evnbckdhc� ojhfhkhfu�� GZdhie_gb_� ^h[Z�
\hqguo�fmlZpbc�k�l_q_gb_f�\j_f_gb�ijb\h^bl�d
k_e_dpbb� de_lhd�� ^Zxsbo� gZqZeh� [eZklghfm
djbam��H^gZdh�\k_�a\_gvy�wlh]h�ijhp_kkZ�k�mqZ�
klb_f Bcr/Abl� b� ^jm]bo� kb]gZevguo� [_edh\� ijb
jZa\blbb� jZaguo� \ZjbZglh\� [eZklguo� djbah\
ij_^klhbl�_s_�\uykgblv�

G_kfhljy� gZ� agZqbl_evgu_� mki_ob� \� ihgb�
fZgbb� fhe_dmeyjguo� hkgh\� \hagbdgh\_gby
OFE�� ihdZ� g_� jZajZ[hlZgu� ^hklZlhqgh
wnn_dlb\gu_� f_lh^u� l_jZibb�� ?keb
i_j\hgZqZevgh� hkgh\ghc� fbr_gvx� ^ey
\ha^_ckl\by� y\eyeky� ]_g�� [_ehd BCR/Abl
�bkihevah\Zgb_�Zglbk_gk�heb]hgmde_hlb^h\��jb�
[habfh\�� Zglbl_e�� bg]b[blhjh\� lbjhabgdbgZa��
lh�k�jZkrbj_gb_f�ki_dljZ�\aZbfh^_ckl\mxsbo
k Bcr/Abl� fhe_dme� jZkrbjy_lky� b� \u[hj
l_jZi_\lbq_kdbo�ih^oh^h\�

JZ[hlZ�[ueZ�qZklbqgh� ih^^_j`ZgZ� ]jZglhf
U< 1-294�ijZ\bl_evkl\Z�MdjZbgu�b�Nhg^Z�]jZ`�
^Zgkdbo�bkke_^h\Zgbc�b�jZa\blby��KR:��
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