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<�h[ahj_�kmffbjh\Zgu�j_amevlZlu�bamq_gby�]_g_lbq_kdbo�baf_g_gbc��e_`Zsbo�\�hkgh�
\_�ojhgbq_kdhc�fb_ehb^ghc�e_cd_fbb��OFE��b�hkljh]h�ebfnh[eZklgh]h�e_cdhaZ��HEE��

Hkgh\gh_� \gbfZgb_� m^_e_gh� jibkZgbx� obf_jgh]h� %&5�F�$%/�]_gZ�� h[jZamxs_]hky� ba

^\mo� ghjfZevguo� ]_gh\� aZ� kq_l� ki_pbnbq_kdhc� ojhfhkhfghc�ljZgkehdZpbb�� Z lZd`_

bkke_^h\Zgbx� \ebygby� ijh^mdlh\� j_dhf[bghdlgh]h� ]_gZ� gZ� ijhp_kk� fZec]gbaZpbb�

H[km`^Zxlky� ijh[e_fu�l_jZibb� e_cdhah\� k� bkihevah\Zgb_f� ^\mo� ih^oh^h\��I_j\uc

dZkZ_lky� \hafh`ghklb� \hkklZgh\e_gby� baf_g_ggh]h�n_ghlbiZ� k� ihfhsvx� Zglbk_g�

khjghc� >GD� b� jb[habfh\�� ki_pbnbq_kdb� [ehdbjmxsbo� fJGD�� \lhjhc —� ijbf_g_gby

obfbhij_iZjZlh\�� m[b\Zxsbo� iZlheh]bq_kdb_� de_ldb�� <� k\yab� k� wlbf� djZldh

hk\_s_gu� \hijhku� � fgh`_kl\_gghc� e_dZjkl\_gghc� mklhcqb\hklb�� ijhy\ey_fhc�� dZd

ijZ\beh��ljZgknhjfbjh\Zggufb�dehgZfb�

Ba\_klgh�� qlh� aehdZq_kl\_ggu_� aZ[he_\Zgby� djh\b� y\eyxlky� h^gbf ba
jZkijhkljZg_gguo�\b^h\�jZdZ��ihjZ`Zxs_]h�\k_�\hajZklgu_�]jmiiu�gZk_e_gby�
LZd��kh]eZkgh�ihke_^gbf�klZlbklbq_kdbf�^Zgguf��qZklhlZ�aZ[he_\Zgbc�lhevdh
hkljuf�e_cdhahf�\�MdjZbg_�khklZ\ey_l 20�kemqZ_\�gZ 1000000�q_eh\_d [1].�<
k\yab� k� Q_jgh[uevkdbf� nZdlhjhf� b� h`b^Zgb_f� g_[u\Zeh]h
� \kie_kdZ� wlbo
aZ[he_\Zgbc� gZ� gZr_c� l_jjblhjbb� ijh[e_fZ� jZdZ� djh\b� \� MdjZbg_� hq_gv
ZdlmZevgZ��M�gZk�g_l�ihdZ�\hafh`ghklb�ijb\_klb�a^_kv�hnbpbZevgu_�^Zggu_�ih
\ebygbx�ihke_^kl\bc�q_jgh[uevkdhc�dZlZkljhnu�gZ�qZklhlm�hgdhaZ[he_\Zgbc
djh\b� gZk_e_gby� MdjZbgu�� ohly� ^ey� ;_ehjmkkbb� ih^h[gu_� k\_^_gby� m`_
ba\_klgu [2].� AZ� \hk_fv� e_l�ihke_� Z\Zjbb�ihdZaZgh�hlkmlkl\b_� ^_ckl\by�Q_j�
gh[uey� gZ� jhkl� hgdhaZ[he_\Zgbc� djh\b�� ?keb� ^h 1986� ]�� qZklhlZ� e_cdhah\� m
^_l_c�[ueZ 40,7�gZ�fbeebhg��Z�m�\ajhkeuo�fm`qbg�b�`_gsbg — 47�b 37,�lh�\
1993� ]�� wlb� pbnju� khklZ\beb� khhl\_lkl\_ggh  41,3; 49� b 37. Ijhc^ml� eb
ihke_^mxsb_�]h^u�^hklZlhqgh�[eZ]hihemqgh�^ey�q_eh\_q_kdh]h�]_ghnhg^Z�beb
]m[bl_evgh_� \ebygb_� ijhy\blky� iha`_"� <� ex[hf� kemqZ_� g_h[oh^bfu
^Zevg_crb_�bkke_^h\Zgby�

J_r_gb_�ijh[e_fu�jZdZ�\hh[s_��dZd�b�jZdZ�djh\b��\�qZklghklb�� k\yaZgh�
ij_`^_� \k_]h�� k� \hafh`ghklvx� hkms_kl\e_gby� Zevl_jgZlb\gh]h� \u[hjZ�� eb[h
ihegh]h� mgbqlh`_gby� jZdh\hc� de_ldb� \� hj]Zgbaf_�� eb[h� ij_\jZs_gby� __� \
ghjfZevgmx� ^bnn_j_gpbjh\Zggmx� de_ldm�� ih^qbgyxsmxky� \k_f� dhfZg^Zf
hj]ZgbafZ�� H[_� kljZl_]bb� lj_[mxl� jZkdjulby� khhl\_lkl\mxsbo� j_Zdpbc� \
de_ld_� b� bo� fZl_jbZevguo� ghkbl_e_c�� <� hkgh\_� kh\j_f_ggh]h� ih^oh^Z� d
\uiheg_gbx� ihklZ\e_gguo� aZ^Zq� e_`Zl� ^\Z� gZ[ex^_gby�� H^gh� ba� gbo
aZdexqZ_lky� \� lhf�� qlh� dZgp_jh]_gu� y\eyxlky� fmlZ]_gZfb�� b� wlh� ^Z_l
\hafh`ghklv� hij_^_eblv�� dZdb_� ]_gu� b� dZdb_� baf_g_gby� \� gbo� ijbgZklgu� d
ijhp_kkm�aehdZq_kl\_gghc�ljZgknhjfZpbb�de_ldb��<lhjh_�gZ[ex^_gb_�dZkZ_lky
hgdh\bjmkh\� b� \hafh`ghklb� bamq_gby� bo� �]_gh\�� hl\_lkl\_gguo� aZ
fZeb]gbaZpbx� de_ldb�� Ih^oh^� wlhl —� fhe_dmeyjgh�[bheh]bq_kdbc�
aZgbfZxsbc� \� gZklhys__� \j_fy� ^hfbgZglgh_� iheh`_gb_� b� \� ij_^_eZo
dhlhjh]h� keh`beZkv� khhl\_lkl\mxsZy� iZjZ^b]fZ�� DjZldh� hgZ� aZdexqZ_lky� \
bamq_gbb�[hevrh]h�qbkeZ�gm`guo�^ey�ghjfZevgh]h�jZa\blby�de_ldb�]_gh\ —
ijhlhhgdh]_�gh\�� fmlZpbhggu_� baf_g_gby� \� dhlhjuo� ij_\jZsZxl� bo� \
hgdh]_gu��Ijhlhhgdh]_gu� ih^jh[gh� hoZjZdl_jbah\Zgu� \�fhgh]jZnbyo [3, 4].
Hlf_lbf�a^_kv�lhevdh��qlh�h^gbf�ba�deZkkh\�lZdbo�ijhlhhgdh]_gh\�hdZaZ�
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ebkv�fgh]hqbke_ggu_�nZdlhju�jhklZ�b�bo�j_p_ilhju�� k\yaZggu_�k� kb]gZevghc
kbkl_fhc� \lhjbqguo� f_kk_g^`_jh\� de_ldb�� <� ihke_^g__� \j_fy� m^Zehkv
b^_glbnbpbjh\Zlv�lZd`_�]_gu��bf_xsb_�hlghr_gb_�d�ijhp_kkZf�ljZgkdjbipbb
]_ghfZ�� lZd� dZd� bf� ijbkmsb� q_jlu�� oZjZdl_jbamxsb_� ljZgkdjbipbhggu_
nZdlhju�� magZ\Zgb_� fhlb\Z� kibjZev—i_ley—kibjZev�� gZebqb_� =Q�iZevp_\� b
KRPHR�ER[�^jf_gh\� >�@�� DZdh\� _s_� \hafh`guc� oZjZdl_j� aZ^_ckl\h\Zgghklb� \
de_ld_� ijhlhhgdh]_gZ"� Bamq_gb_� wlh]h� \hijhkZ� ijb\_eh� d� ihgylbx
fgh]hklmi_gqZlhklb� ljZgknhjfZpbhggh]h� ijhp_kkZ� b� ihbkdm� \hafh`ghklb
\uqbke_gby� dZ`^h]h� hl^_evgh]h� rZ]Z� gZ� imlb� d� dhg_qghfm� j_amevlZlm
dZgp_jh]_g_aZ�� ;hevrZy� jhev� \� wlhf� ijhp_kk_� hl\h^blky� hkh[uf� ]_gZf —
Zglbhgdh]_gZf�� g_fmlbjh\Zggh_� khklhygb_� dhlhjuo� h[_ki_qb\Z_l� ih^Z\e_gb_
Zdlb\ghklb� hgdh]_gh\�� K� wlbfb� ]_gZfb� k\yau\Zxl� j_ZebaZpbx� aZijh�
]jZffbjh\Zggh]h� hlfbjZgby�� beb� ZihilhaZ�� de_ldb� b�� ke_^h\Zl_evgh�
bgZdlb\Zpby�lZdh]h�]_gZ�^he`gZ�^_eZlv�de_ldm�[_kkf_jlghc��qlh�b�gZ[ex^Z_lky
ijb�jZd_ [6, 7].

BlZd�� bf__lky� kbkl_fZ� fhe_dmeyjguo� agZgbc�� iha\heyxsbo� ihemqZlv
bgnhjfZpbx� h� khklhygbb� hij_^_e_gguo� ]_gh\� b� bo� ijh^mdlh\�� Z� lZd`_
h[gZjm`blv� gh\u_� khklhygby� b� gh\u_� ]_gu�� ijbqZklgu_� d� ijhp_kkm
fZeb]gbaZpbb�de_ldb��Ijb�bamq_gbb�aehdZq_kl\_gguo�aZ[he_\Zgbc�djh\b�lZdhc
ih^oh^� hkh[_ggh� i_jki_dlb\_g� \� k\yab� k� gZebqb_f� dZd� ojhgbq_kdbo�� lZd� b
hkljuo� nhjf� aZ[he_\Zgby�� Ojhgbq_kdZy� nhjfZ� fh`_l� jZkkfZljb\Zlvky� dZd
ij_^jZdh\h_� khklhygb_�� oZjZdl_jbamxs__ky� g_dhlhjuf� ©ij_^ihjh]h\ufª
agZq_gb_f�hgdhklZlmkZ��dhlhjh_�\�j_amevlZl_�dZdh]h�lh�kh[ulby�i_j_\h^blky�\
©ihjh]h\h_ª�� <_jhylgh�� wlh� kh[ulb_� m`_� g_� klhev� fgh]hklmi_gqZlh� ih
kjZ\g_gbx�kh�klZjlhf�b��ke_^h\Zl_evgh��wdki_jbf_glZevgh_�bamq_gb_�_]h�fh]eh
[ulv�mijhs_gh��<�k\yab�k�wlbf�lZdh_�aehdZq_kl\_ggh_�aZ[he_\Zgb_�djh\b��dZd
ojhgbq_kdZy�fb_�ehe_cd_fby� �OFE���gZoh^blky� ih^� ijbklZevguf� \gbfZgb_f
g_�lhevdh�ijZdlbdh\�hgdheh]h\�]_fZlheh]h\��gh�b�fhe_dmeyjguo�[bheh]h\��ih�
kdhevdm� y\ey_l� kh[hc� m^h[gmx� wdki_jbf_glZevgmx� fh^_ev� ^ey� bamq_gby
ijhp_kkZ�fZeb]gbaZpbb�b�ihbkdZ�fhe_dmeyjguo�kj_^kl\�e_q_gby�aZ[he_\Zgby�

Ihemq_ggu_� gZ� ijhly`_gbb� g_kdhevdbo� ^_kylbe_lbc� j_amevlZlu� ZgZebaZ
de_lhqghc� b� fhe_dmeyjguo� iZlheh]bc�� ijbkmsbo� OFE�� [ueb� g_h^ghdjZlgh
kmffbjh\Zgu� \� Zg]ehyauqghc� ebl_jZlmj_ [8—11],� Z� lZd`_� \� jy^_
hl_q_kl\_gguo�b�i_j_\h^guo�h[ahjh\ [12—14],�ho\Zlu\Zxsbo�^Zggu_�\iehlv
^h 1993� ]�� Mqblu\Zy� \ukhdmx� ki_pbnbqghklv� fgh]bo� h[ahjh\�
ij_^gZagZq_gguo�^ey�hgdheh]h\�]_fZlheh]h\��ljm^gh^hklmighklv�^ey�qblZl_ey
\� gZr_c� kljZg_� fgh]bo� bklhqgbdh\�� Z� lZd`_� [ukljh_� ihklmie_gb_� gh\uo
k\_^_gbc��fu�ihklZ\beb�p_ev�jZkkfhlj_lv�\�gZklhys_f�h[ahj_�ijh[e_fm�OFE
in toto� ^ey� ijb\e_q_gby� ki_pbZebklh\� jZaebqguo� h[eZkl_c� fhe_dmeyjghc
[bheh]bb��G_h[oh^bfhklv�wlh]h��k�gZr_c�lhqdb�aj_gby��aZdexqZ_lky�\�lhf��qlh
djm]� aZ^Zq��j_rZ_fuo�ijb�bamq_gbb�OFE�� k\yaZg�g_� lhevdh� k�bkke_^h\Zgb_f
hkh[_gghkl_c� j_iebdZpbb� >GD� b� ijhp_kkZ� ljZgkdjbipbb�� gh� b� k� ZgZebahf
ZiiZjZlZ� ljZgkeypbb�� lZd� dZd� klZeh� ba\_klgh�� qlh� k\_joijh^mdpby� \� de_ld_
g_dhlhjuo�nZdlhjh\�bgbpbZpbb�b�wehg]Zpbb�ihebi_ilb^ghc�p_ib�ijb\h^bl�d
aehdZq_kl\_gghc� ljZgknhjfZpbb� de_ldb [15, 16],� Wlh� ^_eZ_l� \Z`guf� fm�
lZpbhggh_�baf_g_gb_��g_� lhevdh� Zdlb\bjmxs__�beb�g_Zdlb\bjmxs__� lhl�beb
bghc�]_g��gh�b�baf_gyxs__�dhebq_kl\_ggh_�kh^_j`Zgb_�_]h�ijh^mdlZ�

DjZldZy� bklhjby� bamq_gby�OFE�� Debgbq_kdh_� gZ[ex^_gb_� jZaebqguo
aehdZq_kl\_gguo� iZlheh]bc� djh\b� b� fgh]hqbke_ggu_� ^Zggu_� ih� i_j_kZ^dZf
dhklgh]h� fha]Z� ihdZaZeb�� qlh� ih^h[gu_� aZ[he_\Zgby� y\eyxlky� ke_^kl\b_f
]_g_lbq_kdbo�baf_g_gbc��ijhbkoh^ysbo�\�kl\heh\uo�de_ldZo�dhklgh]h�fha]Z —
jh^hgZqZevgbdZo�jZaebqguo�we_f_glh\�djh\b��DZd�ihdZaZgh�gZ�jbk� 1,�de_ldb�
h[eZ^Zxsb_� iexjbihl_glgufb� kihkh[ghklyfb�� hij_^_eyxl� ^\Z� imlb
djh\_l\hj_gby�� H^bg� ba� gbo -� ebfnhb^guc —� hl\_qZ_l� aZ� h[jZah\Zgb_
we_f_glh\�bffmggh]h�hl\_lZ�hj]ZgbafZ�<��b�L�ebfnhpblh\��GZ�^jm]hf�imlb —
fb_ehb^ghf��beb�fb_eh]_gghf�— h[jZamxlky�lZdb_�nmgdpbhgZevgu_�we_f_glu
djh\b��dZd�wjbljhpblu�
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ljhf[hpblu�� fZdjhnZ]b� b� fgh]b_� ^jm]b_�� OFE� ^bZ]ghklbjm_lky� dZd
fb_ehijhebn_jZlb\gh_� aZ[he_\Zgb_� k� ih\ur_gguf� kh^_j`Zgb_f� aj_euo
de_lhd�djh\b —�]jZgmehpblh\��HiZkghklv�wlh]h�aZ[he_\Zgby�aZdexqZ_lky�\�lhf�
qlh� \� j_amevlZl_� dZdbo�lh� _s_� g_� jZkdjuluo� kh[ulbc� [he_agv� i_j_oh^bl� \
hkljmx�nhjfm��lZd�gZau\Z_fuc�[eZklguc�djba��ijb�dhlhjhf�de_ldb�iheghklvx
i_j_klZxl� ^bnn_j_gpbjh\Zlvky�� b� nmgdpbhgZevgu_� we_f_glu� djh\b� g_
h[jZamxlky�

I_j\u_�ihiuldb�\uy\blv�]_g_lbq_kdb_�baf_g_gby�\�de_ldZo�djh\b�[hevguo
OFE� [ueb� hkms_kl\e_gu� k� ihfhsvx� pblh]_g_lbq_kdbo� f_lh^h\� ijb
fhjnheh]bq_kdhf�bamq_gbb�ojhfhkhf�\�ghjf_�b�iZlheh]bb�

Jbk 1�Ko_fZ�^\mo�iml_c�h[jZah\Zgby�nmgdpbhgZevguo�we_f_glh\�djh\b�b�de_lhd
bffmggh]h�hl\_lZ�ba�kl\heh\uo�de_lhd�dhklgh]h�fha]Z

<� j_amevlZl_� [ueh� h[gZjm`_gh�� qlh� m 95 %� lZdbo� [hevguo� \� f_lZnZaguo
ieZklbgdZo� de_lhd� djh\b� gZoh^blky� g_h[uqgh� fZe_gvdZy� *�hdjZr_ggZy
ojhfhkhfZ�� ihemqb\rZy� gZa\Zgb_ Ph� �NbeZ^_evnby� [17]. K� ihfhsvx
f_lh^h\� ^bnn_j_gpbZevgh]h� hdjZrb\Zgby� ojhfhkhf�� iha\heyxsbo
j_]bkljbjh\Zlv� ki_pbZevguc� jbkmghd�bo�^bkdh\�� m^Zehkv�ihdZaZlv�� qlh Ph-
ojhfhkhfZ�y\ey_lky�j_amevlZlhf�j_pbijhdghc�ljZgkehdZpbb�f_`^m���c�b����
c� ojhfhkhfZfb� lZd�� dZd� ihdZaZgh�� gZ� jbk� 2. >ZggZy� ljZgkehdZpby� fh`_l
[ulv� \ujZ`_gZ� ke_^mxs_c� nhjfmehc� t(9;22)(q34;qll).� K� fhf_glZ� h[gZ-
jm`_gby� 3K�ojhfhkhfu� \ 1960� ]�� kqblZehkv�� qlh� wlh� mgbdZevguc� fZjd_j
OFE�� H^gZdh� \ 1970� ]�� Ijhii� b� ^j.� hibkZeb� iZpb_glh\� k� hkljhc
ebfnh[eZklghc� e_cd_fb_c� �HEE��� m� dhlhjuo� [ue� \ukhdbc� ijhp_gl
ijbkmlkl\by� JK+

�de_lhd� dhklgh]h� fha]Z [18].� Ke_^h\Zl_evgh�� JK�^_n_dl
fh`_l� j_Zebah\u\Zlvky� gZ� ^\mo� imlyo� djh\_l\hj_gby�� <� gZklhys__� \j_fy
ba\_klgh��qlh 25—30 %�\ajhkeuo�b 2—10 %�^_l_c��[hevguo�HEE��y\eyxlky
ghkbl_eyfb�nbeZ^_evnbckdhc�ojhfhkhfu [19, 20].�;he__�lh]h��b�ijb�hkljhc
fb_ehb^ghc�e_cd_fbb��HFE��wlZ�ojhfhkhfZ�\uy\ey_lky�\ 2%�kemqZ_\ [14].
Ojhfhkhfguc�ZgZeba�de_lhd�djh\b�[hevguo�OFE�iha\hebe�h[gZjm`blv�g_

lhevdh� fZl_jbZevguc� ghkbl_ev� ^_n_dlZ�� \uau\Zxs_]h� aZ[he_\Zgb_�� gh� b
ihdZaZl_ev�lh]h��qlh�ijb�i_j_oh^_�OFE�\�hkljmx�nhjfm�m 75—80 %�[hevguo
gZ[ex^Zxlky� ^hihegbl_evgu_� pblh]_g_lbq_kdb_� baf_g_gby�� dhlhju_�� dZd
ijZ\beh�� ij_^r_kl\mxl� lZdh\uf�� hij_^_ey_fuf� debgbq_kdb� b
]_fZlheh]bq_kdb�� GZb[he__� qZklh� hgb� \ujZ`Zxlky� dZd� ljbkhfby� ��c
ojhfhkhfu (8%�kemqZ_\���bahojhfhkhfghklv 17q (12%),�\hagbdgh\_gb_�\lhjhc
3K�ojhfhkhfu� ������� ihy\e_gb_� ^h[Z\hqghc� ���c� ojhfhkhfu (1 %).
<uy\e_ggu_�dZd�ih�hl^_evghklb��lZd�b�\�khq_lZgbb�^jm]�k�^jm]hf�wlb�ZghfZebb
khklZ\eyxl 70 %�\k_o�^hihegbl_evguo�ojhfhkhfguo�baf_g_gbc [9]
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G_kfhljy� gZ� hkgh\hiheZ]Zxsmx� bgnhjfZlb\ghklv� pblh]_g_lbq_kdh�]h
ZgZebaZ�de_lhd�djh\b�[hevguo�OFE��\�jZfdZo�wlh]h�f_lh^Z�g_evay��[ueh�gZclb
]_gh\�� nmgdpby� dhlhjuo� baf_gy_lky� \� j_amevlZl_� ljZgkehdZpbb�� qlh� b
h[mkeh\eb\Z_l� n_ghlbi� OFE�� Wlh� fh`gh� k^_eZlv� k� ihfhsvx� fhe_dmeyjguo
f_lh^h\�� iha\heyxsbo� fZgbimebjh\Zlv� k� dhgdj_lgufb� njZ]f_glZfb� >GD�� b
k_d\_gbjh\Zgb_f� bkdhfuo� gmde_hlb^guo� ihke_^h\Zl_evghkl_c�� Bkoh^guf
fhf_glhf�^ey�lZdhc�jZ[hlu�y\bebkv
nZdlu�dZjlbjh\Zgby�ijhlhhgdh]_gZ
c-ABL� \� ��c� ojhfhkhf_�� Z� lZd`_
mklZgh\e_gb_� _]h� ljZgkehdZpbb� \
���x� ojhfhkhfm [21].� LZdbf� h[jZ�
ahf��fZgbimebjmy� ]_ghf c-ABL dZd
ahg^hf�b�[b[ebhl_dZfb�]_gh\��ijb�

Jbk� 2.�Ko_fZ�h[jZah\Zgby�3K�ojhfhkhfu�
H[eZklv�� �^bklZevg__�q�����c�ojhfhkhfu�
h[f_gb\Z_lky�k�h[eZklvx q11����c�ojhfh�
khfu� k� h[jZah\Zgb_f� ]b[jb^guo
ojhfhkhf��T+, 22q- (Ph')

]hlh\e_gguo� ba� >GD� ghjfZevguo� b� aehdZq_kl\_gguo� de_lhd�� m^Zehkv
mklZgh\blv� fhe_dmeyjgmx� kljmdlmjm� ]_g_lbq_kdh]h� fZl_jbZeZ� h[eZklb
ljZgkehdZpbb��h[jZamxs_c�3K�ojhfhkhfm�

Fhe_dmeyjgZy� oZjZdl_jbklbdZ� h[eZklb� ljZgkehdZbpb� 3K�ojhfhkhfu�

JZ[hlZ� k c-ABL�ahg^hf� b� [Zgdhf� ]_gh\� de_lhd�� kh^_j`Zsbo� 3K�ojhfhkhfm�� Z
lZd`_� k_d\_gbjh\Zgb_� \k_o� gmde_hlb^guo� ihke_^h\Zl_evghkl_c�
qm\kl\bl_evguo�d�wlhfm�ahg^m��ihdZaZeb��qlh�ijb�OFE�©fZjd_jgZyª�ojhfhkhfZ
22�jZaju\Z_lky�ij_bfms_kl\_ggh�\gmljb�g_[hevrh]h�ehdmkZ�jZaf_jhf 5,8�luk�
i�� g��� dhlhjuc� ihemqbe� gZa\Zgb_ BCR (breakpoint cluster region —� h[eZklv
deZkl_jZ� jZaju\h\�� �kf�� jbk� 4,� Z�� [22].�LZd� dZd�ba� \k_o� \uy\ey_fuo� jZaju\h\
ih^Z\eyxs__�qbkeh�ijboh^blky�gZ�wlm�h[eZklv��__�h[hagZqbeb M-bcr (major —
[hevrZy�� �gZc^_gZ�lZd`_�b�fZeZy�h[eZklv�ih^h[guo�jZaju\h\���;ueh�ba\_klgh�
qlh�h[eZklv M-bcr�khklZ\ey_l�qZklv�[hevrh]h�de_lhqgh]h�]_gZ��gZa\Zggh]h�BCR
[23].�HdZaZehkv��qlh�g_�lhevdh�ijb�OFE��gh�b�\� a�� %� kemqZ_\�HEE�jZaju\u
ojhfhkhf� lZd`_� gZ[ex^Zxlky� \� h[eZklb M-bcr.� >jm]Zy� `_� iheh\bgZ� lZdbo
jZaju\h\�ijhbkoh^bl��dZd�ihdZaZgh�gZ�jbk� 4,�Z��\�h[eZklb���]h�bgljhgZ�]_gZ BCR
gZ�mqZkld_�ijbf_jgh 20�luk��i��g��Bf_ggh�wlhl�mqZklhd�ihemqbe�gZa\Zgb_�fZehc
h[eZklb� jZaju\h\ (minor—m-bcr) [20].� Bkihevah\Zgb_� wlhc� `_� l_ogbdb� ^ey
bamq_gby� h[eZkl_c� jZaju\h\� \� ��c� ojhfhkhf_� ihdZaZeh�� qlh� lZdb_� kh[ulby
jZau]ju\Zxlky�b�gZ�mqZkld_�ijhly`_gghklvx 200�luk��i��g���e_`Zs_f�\ur_ II
wdahgZ� ]_gZ ABL [20]� b� jZkiheZ]Zxs_fky� f_`^m� wdahgZfb� ,Z� b� ,b, lZd� dZd� \
kemqZ_� wlh]h� ]_gZ� gZqZeh� _]h� ijh^mdlZ� fh`_l� hij_^_eylvky� h^gbf� ba� ^\mo
mdZaZgguo�wdahgh\��jbk� 3,�Z�.

Ihkdhevdm� fhe_dmeyjgh�[bheh]bq_kdb_� f_lh^u� ijh^_fhgkljbjh\Zeb
\Z`ghklv� khklhygbc� ]_gh\ ABL� b BCR� \� iZlh]_g_a_� de_lhd� djh\b�� jZkkfhljbf
j_amevlZlu�ZgZebaZ�wlbo�]_gh\�b�bo�ijh^mdlh\�ih^jh[g__�

=_g  ABL. �Ijhlhhgdh]_g ABL�\i_j\u_�b^_glbnbpbjh\Zg�dZd�ghjfZevguc
de_lhqguc� ]hfheh]� \bjmkgh]h� hgdh]_gZ V-ABL,� ijbkmsbc� \bjmkm� e_cdhaZ
fur_c�:[_evkhgZ (A-MuLV) [25].�=_g ABL�q_eh\_dZ�jZiheh`_g�\���c�ojhfhkhf_
\� jZchg_ 9q34.� >Zgguc� ]_g� [hevrhc� b� ^hklZlhqgh� keh`gh� hj]Zgbah\Zg�
kh^_j`bl 13� wdahgh\ [26].� Hlebqbl_evghc� _]h� q_jlhc� y\ey_lky� gZebqb_� ^\mo
Zevl_jgZlb\guo� i_j\uo�� wdahgh\�� h[hagZqZ_fuo� dZd� ,Z� b Ib.� ?s_� ij_^klhbl
\uykgblv��k\yaZgZ�eb�b��_keb�^Z��lh�dZdbf�h[jZahf�ih^h[gZy�hj]ZgbaZpby�wlh]h
]_gZ�k�j_]meypb_c�_]h�Zdlb\ghklb�\�de_ld_��Wdahg� �b�gZoh^blky�gZ�jZkklhygbb
200�luk��i��g��hl�\lhjh]h�wdahgZ�^Zggh]h�]_gZ��jZkklhygb_�`_�f_`^m�wdahghf Ia�b
wdahghf II � khklZ\ey_l 19� luk�� i�� g�� �jbk� 3, Z��� OZjZdl_jgh�� qlh� ijh^mdlu
ljZgkdjbipbb�wlh]h�]_gZ�ij_^klZ\e_gu�^\mfy�deZkkZfb�fJGD��H^bg
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ba� gbo�bf__l� jZaf_j� [�� ^jm]hc — 7� luk�� i�� g� [26].�?s_� g_� \uykg_gh� agZq_gb_
lZdhc�]_l_jh]_gghklb�ljZgkdjbilh\�^Zggh]h�]_gZ�

Qlh�dZkZ_lky�[_edZ��dh^bjm_fh]h�mdZaZgguf�]_ghf��lh�ij_^klZ\eyeh�bgl_j_k
kjZ\gblv� wlhl� [_ehd� k� ijh^mdlhf� \bjmkgh]h� ]_gZ V-ABL. H^gZdh�� _keb� wlhl
ijh^mdl�\uy\ey_lky�\�de_ld_� ]eZ\guf�h[jZahf�\�pblhieZaf_ [27]� �lh�ijh^mdl c-
ABL —� ij_bfms_kl\_ggh� y^_jguc� [_ehd�� HdZaZehkv�� qlh� ihke_^gbc� h[eZ^Z_l
k\hckl\hf� g_j_p_ilhjghc� ijhl_bglbjhabgdbgZau� k�f��f� 145 000 [28, 29],� gh� \
ghjf_� g_� nhknhjbebjh\Zg� ih� lbjhabgm [30].� <ukdZau\Z_lky� ij_^iheh`_gb_� h
lhf�� qlh� ^Zgguc� [_ehd� mqZkl\m_l� \� i_j_^Zq_� fhe_dmeyjguo� kb]gZeh\�
khklZ\eyxsbo� kbkl_fm� \lhjbqguo� f_kk_g^`_jh\� \� de_ld_ [31].� <� gZklhys__
\j_fy

Jbk� 3.�Ko_fZ�hj]ZgbaZpbb $%/�]_yZ��:���ijh^mdlh\�_]h�ljZgkdjbipbb��;��b�ljZgkeypbb��<��\
ghjfZevguo�de_ldZo��H[hagZq_gby� la, lb—�Zevl_jgZlb\gu_�wdahgu�]_gZ�
Y²\lhjhc�wdahy�]_gZ� V —�\ZjbZ[_evguc�^hf_g� SHsfSH^, src homology —�^hf_gu�3�b 2;�LD —
lbjhabgdbgZaguc� ^hf_g��KYL²� kb]gZe� ljZgkehdZpbb� q_j_a� y^jh��>K>²�>GD� k\yau\Zxsbc
^hf_g��:K> —�Zdlbgk\yau\Zxsbc�^hf_g

mklZgh\e_gh�� qlh� y^_jgZy� ehdZebaZpby� [_edZ c-ABL� hij_^_ey_lky� ]eZ\guf
h[jZahf� K�dhgp_\ufb� k_]f_glZfb� ^Zgghc� fhe_dmeu�� \� dhlhjuo� kh^_j`blky
kb]gZevguc� i_ilb^�� \uihegyxsbc� nmgdpbb� ljZgkehdZpbb� q_j_a� y^_jgu_
f_f[jZgu�b�hl\_qZxsbc�aZ�k\yau\Zgb_�[_edZ k�>GD [32, 33].

DZd�ihdZaZgh�gZ�jbk� 3 (\���[_ehd c-ABL� kh^_j`bl�ih� djZcg_c�f_j_� q_luj_
hkgh\guo�^hf_gZ��I_j\uc�jZkiheh`_g�\�1+2�dhgp_\hc�qZklb�b��dZd�hlf_qZehkv�
fh`_l�gZqbgZlvky�eb[h�k�wdahgZ� ,Z��eb[h�k�wdahgZ� Ib.�<lhjhc�^hf_g�hl\_qZ_l� aZ
j_]meypbx�dbgZaghc�Zdlb\ghklb��ijbkms_c�^Zgghc�fhe_dme_��OZjZdl_jgh��qlh�\
wlhf� ^hf_g_� \uy\eyxlky� ^\_� h[eZklb�� bf_xsb_� \ukhdmx� ]hfheh]bx� k
lbjhabgdbgZahc�� dh^bjm_fhc� ]_ghf src.� Wlb� h[eZklb� ihemqbeb� gZa\Zgb_ src
homology —SH—� �khhl\_lkl\_ggh SH2� b� 6G3).� Lj_lbc� ^hf_g —� wlh� ^hf_g�
hij_^_eyxsbc� lbjhabgdbgZagmx� Zdlb\ghklv� ^Zggh]h� [_edZ�� B�� gZdhg_p�
q_l\_jluc²wlh� h[rbjgZy� K�dhgp_\Zy� h[eZklv� ^Zggh]h� [_edZ�� ij_^klZ\e_ggZy
mgbdZevghc� ^ey ABL� ihke_^h\Zl_evghklvx� Zfbghdbkehl�� \u^_eyxsbo� _]h� \
km[k_f_ckl\_�lbjhabgh\uo�dbgZa [34, 35].

=_g  BCR.�Wlhl�]_g�dZjlbjh\Zg�\����c�ojhfhkhf_�\�jZchg_ q11. Wlh�djmiguc
b� keh`gh� mkljh_gguc� ]_g�� \dexqZxsbc 21� wdahg [22]. Ijb� _]h� ljZgkdjbipbb
lZd`_�h[jZamxlky�jZaebqgu_�ih�jZaf_jm�fJGD��\_ebqbgZ�dhlhjuo�khklZ\ey_l 4,5
b 6,7�luk��i��g��>Zggu_�deZkku�fJGD�jZaebqZxlky�ih�g_ljZgkebjm_fhc�h[eZklb
fhe_dme [22, 36].�<h� fgh]bo� ldZgyo� b� de_lhqguo� ebgbyo� wdkij_kkby� ]_gZ BCR
oZjZdl_jbam_lky�hlghkbl_evguf�ihklhygkl\hf�b�wlh�iha\hey_l�ij_^iheh`blv��qlh
^Zgguc�]_g�g_�k\yaZg�k�hij_^_e_gb_f�ldZg_ki_pbnbqghklb [37],�Z�b]jZ_l�dZdmx�lh
jhev�\�f_lZ[hebaf_�de_ldb�

Ijh^mdl� ]_gZ BCR —� [hevrhc� [_ehd�� f�� f�� dhlhjh]h� khklZ\ey_l� 160000,
h[hagZq_g� dZd� j��� — c-BCR [38—40].� HdZaZehkv�� qlh� hg� y\ey_lky
nhknhijhl_bghf��Ke_^m_l�hlf_lblv��qlh�\uy\ey_lky�p_euc�jy^�k_�
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jheh]bq_kdb�jh^kl\_gguo�j����ihebi_ilb^h\�k�f��f��hl 83 000�^h�190000 [40].
DZd� ihdZaZgh� gZ� jbk� 4,� agZqbl_evgZy� qZklv� 1+2�dhgp_\h]h� ^hf_gZ� %&5�

[_edZ��\dexqZxsZy 426�Zfbghdbkehl�i_j\h]h�wdahgZ��ijhy\ey_l�k\hckl\Z�k_jbg�
lj_hgbgh\hc� dbgZau [41].� OZjZdl_jgh�� qlh� \� wlhc� `_� h[eZklb� h[gZjm`_gZ
ihke_^h\Zl_evghklv��h[eZ^ZxsZy� kihkh[ghklvx� k\yau\Zlv� 6+2�^hf_g�� dhlhjuc�
dZd� hlf_qZehkv�� ijbkmlkl\m_l� \� fhe_dme_� [_edZ c-ABL [42].� LZdbf� h[jZahf�
kms_kl\m_l� \hafh`ghklv� dhfi�e_dkhh[jZah\Zgby� f_`^m� wlbfb� ^\mfy� lbiZfb
[_edh\�

<� p_gljZevghc� qZklb� ]_gZ BCR� lZd`_� h[gZjm`_gZ� \ukhdZy� ]hfheh]by� k
^\mfy�hibkZggufb�]_gZfb��wlh�hgdh]_g dbl�b�CDC24-]_g�^jh``_c

Jbk 4�Ko_fZ�hj]ZgbaZpbb BCR-]_gZ� �:���ijh^mdlh\� _]h� ljZgkdjbipbb� �;��b� ljZgkeypbb� �<�� \
ghjfZevguo�de_ldZo�H[hagZq_gby mbcr—minor breakpoint cluster region;
M-bcr—major breakpoint cluster region; 1—i_j\uc� wdahg� ]_gZ� 1—4 (b1—b4)—khhl\_lkl\mxl
12—15�fm�wdahgZf�]_gZ BCR.�Klj_edhc�mdZaZgu�f_klZ�kebygby�ijb�h[jZah\Zgbb p185�b�j210,
Z��[��\—h[eZklb��hij_^_eyxsb_�dbgZagmx�Zdlb\ghklv�[_edZ

[43].� Qlh� dZkZ_lky� ]_gZ dbl,� lh� nmgdpby� _]h� \� gZklhys__� \j_fy� hklZ_lky
g_ba\_klghc��]_g CDC24�ijbgbfZ_l�mqZklb_�\�dhgljhe_�^_e_gby�de_ldb�[44].�<�K�
dhgp_\hc�qZklb�k�ihfhsvx�dhfivxl_jgh]h�ZgZebaZ�lZd`_�\uy\e_gZ�]hfheh]by�k
m`_� hibkZggufb� [_edZfb�� <� ^Zgghf� kemqZ_ — wlh� GAP�[_ehd�� Ba\_klgh�� qlh
ihke_^gbc� \aZbfh^_ckl\m_l� \� de_ld_� k� ijh^mdlhf� ]_gZ Rac� �k_f_ckl\h ras-
hgdh]_gh\�� >��@��Djhf_�lh]h��gZc^_gZ�lZd`_�^hklZlhqgh�\ukhdZy�]hfheh]by�d�n-
obf_jbgm—[_edm��bf_xs_fm�agZqbl_evgmx�]hfheh]bx�k�j_]meylhjguf�^hf_ghf
ijhl_bgdbgZau�K [46]� b� h^ghc� ba� km[t_^bgbp� ki_pbZevghc� dbgZau� de_ldb� j��
[47].

Hqbs_gguc� j���—c-BCR� h[eZ^Z_l� Zmlh�� b� ljZgknhknhjbeZaghc� Zd�
lb\ghklyfb��b� aZ�wlh�k\hckl\h�hl\_qZ_l�1+2�dhgp_\Zy�qZklv�[_edZ� �i_j\u_ 426
Zfbghdbkehl��\dexqZy�fhlb\��hl\_lkl\_gguc�aZ�k\yau\Zgb_�6+2�^hf_gZ� [41].

LZdbf� h[jZahf�� [_ehd BCR� hkms_kl\ey_l�� hq_\b^gh�� ^\_� wgabfZlbq_kdb_
nmgdpbb —� k_jbg�lj_hgbgdbgZagmx� b� =LNZagmx�� lZd� `_� dZd� b� GAP�[_ehd�
;he__� lh]h�� \_jhylgh�� qlh� hg� \aZbfh^_ckl\m_l� k� lbjhabg�dbgZaZfb� b� ^jm]bfb
[_edZfb� ihkj_^kl\hf� 6+2�k\yau\Zxs_]h� ^hf_gZ�� Wlb� hkh[_gghklb� ^Zggh]h
[_edZ�mdZau\Zxl�gZ�lh��qlh�hg�lZd`_�fh`_l�[ulv�ijbqZkl_g�d�ijhp_kkm�i_j_^Zqb
bgnhjfZpbb�k�ihfhsvx�kbkl_fu�\lhjbqguo�f_kk_g^`_jh\�

BlZd��ihemq_ggu_�\�gZklhys__�\j_fy�^Zggu_�ih�bamq_gbx�[_edh\�c-ABL�b
BCR�iha\heyxl�hibkZlv�k\hckl\Z�wlbo�fhe_dme��ijhy\ey_fu_
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bfb� ih� hl^_evghklb�� DZd� \_^ml� k_[y� lZdb_� ijh^mdlu� ©[_edh\hc� bg`_g_jbbª�
ijhbkoh^ys_c�\�ijbjh^_�aZ�kq_l�ljZgkehdZpbb��bf_xs_c�f_klh�f_`^m���c�b����c
ojhfhkhfZfb�b�h[mkeh\eb\Zxs_c�iZlheh]bx�OFE"

Obf_jguc � ]_g �<KR —� k�: �<  L�b � _]h �nmgdpby � �DZd�m`_�hlf_qZehkv�
h[jZah\Zgb_� JK+

�ojhfhkhfu�� y\eyxs_cky� fZjd_jhf� OFE� �Z� lZd`_� ^jm]bo
aehdZq_kl\_gguo�iZlheh]bc�djh\b��—wlh�j_amevlZl�kebygby�]_gh\ BCR�b�k�:%/
��
�h[eZklv� ]_gZ BCR�h[t_^bgy_lky�\�ijhp_kk_�ojhfhkhfghc� ljZgkehdZpbb� k�A
�
qZklvx� ]_gZ c-ABL).� GZ� jbk� 4 ihdZaZgh�� qlh� ijb� OFE� jZaju\� \� ]_g_ BCR
ijhbkoh^bl�]eZ\guf�h[jZahf�\�h[eZklb M-bcr,�\dexqZxs_c�mqZklhd�f_`^m����f
b����f�wdahgZfb�

Jbk� 5.�Ko_fZ�h[jZah\Zgby�keblguo�%&5�$%/�[_edh\�ijb�HEE�b�OFE��Z��[²�ghjfZevgu_�b
keblgu_�[_edb�khhl\_lkl\_ggh

wlh]h� ]_gZ�� h[hagZqZ_fuc� dZd� b1 – b4.� Ijb� wlhf� jZaju\� ehdZebam_lky� eb[h� gZ
mqZkld_�b2 – b3,��f_`^m����f�b����f�wdahgZfb���eb[h�gZ�b3 – b4 �f_`^m����f�b����f
wdahgZfb��� Ijb� ljZgkdjbipbb� lZdh]h� ]b[jb^gh]h� ]_gZ� ihemqZ_lky� aj_eZy� fJGD
jZaf_jhf�ijbf_jgh 8,5�luk��i��g��Ijbq_f�\� aZ\bkbfhklb�hl�ehdZebaZpbb�jZaju\Z
eb[h�gZ�mqZkld_�b2 – b3,�eb[h�b3 – b4�h[jZamxlky�^\Z�\b^Z�fJGD��hlebqZxsboky�^jm]
hl�^jm]Z�gZ�25�dh^hgh\�                                                        j

LjZgkdjbipby�fZljbpu (8,5�luk��i��g���]b[jb^gh]h�]_gZ BCR — c-ABL�ijb\h^bl
d�nhjfbjh\Zgbx� h]jhfgh]h� [_edZ� k�f��f� 210000  �j������M� [hevguo�OFE� wlhl
[_ehd� kh^_j`bl� gZ NH2�dhgp_� ���� beb 927� Zfbghdbkehlguo� hklZldh\�
ijbgZ^e_`Zsbo�]_gm BCR.  <�kemqZ_�HEE�k�ehdZebaZpb_c�jZaju\Z�\�h[eZklb m-bcr
h[jZam_lky�fJGD�jZaf_jhf 7�luk��i��g���ljZgkebjmxsZyky�\ BCR/ABL-[_ehd k , f��f�
185000—190000� �jbk� 5). NH2�dhg_p� wlh]h� [_edZ� kh^_j`bl� 426� Zfbghdbkehlguo
hklZldh\�]_gZ BCR.�HklZevgu_ 1109�Zfbghdbkehlguo�hklZldh\�khhl\_lkl\mxl��dZd
b�\�kemqZ_�jZaju\Z�\�h[eZklb M-bcr, ]_gm ABL.

DZdh\u� k\hckl\Z� lZdbo� ]b[jb^guo� [_edh\"�HdZaZehkv�� qlh� hgb� h[eZ^Zxl
ih\ur_gghc� lbjhabgdbgZaghc� Zdlb\ghklvx� ih� kjZ\g_gbx� k� ghjfZevguf
ijh^mdlhf�]_gZ ABL —�ijbjh^guf�[_edhf�j145.�<�gZklhys__�\j_fy�ihdZaZgh�
qlh� nZdlhjZfb� Zdlb\Zpbb� hgdh]_gZ c-ABL� y\eyxlky� ]_g_lbq_kdb_
j_dhf[bgZpbb��ijb\h^ysb_�d�baf_g_gbx�1+2�h[eZklZ�[_edZ��Ijb�h[jZah\Zgbb
gag-v-abl-dhgkljmdpbb� hgb� h[mkeh\e_gu� ijb\g_k_ggufb� kb]gZeZfb
fbjbklbebjh\Zgby (gag�ihke_^h\Zl_evghklv��b�^_e_pb_c� 6+3�^hf_gZ��<� kemqZ_
]b[jb^guo� [_edh\� ijb� 3K�e_cd_fbyo� gb� h^bg� ba wlbo� f_oZgbafh\� g_� bf__l
f_klh� b�� ke_^h\Zl_evgh�� j_Zebamxlky� dZdb_�lh� ^jm]b_� \hafh`ghklb��H^ghc� ba
lZdbo� \hafh`ghkl_c� y\ey_lky� \aZbfh^_ckl\b_� nhknhjbebjh\Zgguo� ih� k_jbgm
�lj_hgbgm��Zfbghdbkehl��dh^bjm_fuo�i_j\uf�wdahghf�]_gZ BCR,�k SH2�^hf_ghf
]_gZ c-ABL. ;he__� lh]h�� [ueh� ihdZaZgh�� qlh� <K5�ihke_^h\Zl_evghklb
]b[jb^gh]h� ]_gZ� Zdlb\bjmxl� lZdmx� kihkh[ghklv�[_edZ�j�����dZd� k\yau\Zgb_� k
we_f_glhf� pblhkd_e_lZ� de_lhd —� [_edZfb�� h[jZamxsbfb� nbeZf_glu�� Ba�
\_k]gh��qlh�ih^h[gh_�k\hckl\h�hij_^_ey_lky�K�dhgp_\uf�njZ]f_glhf�]_gZ ABL.

JZkdjulb_�kljmdlmjghc�hj]ZgbaZpbb�]b[jb^gh]h�[_edZ�j����b�bamq_gb_�_]h
wgabfZlbq_kdbo� oZjZdl_jbklbd� iha\hebeb� ijh\h^blv� bkke_^h\Zgby
ljZgknhjfZpbhgghc�Zdlb\ghklb�^Zggh]h�lbiZ�fhe_dme�\�kjZ\�
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g_gbb� k� ba\_klgufb� hgdh]_ggufb� dhgkljmdpbyfb�� lZdbfb�� gZijbf_j�� dZd
kdhgkljmbjh\Zgguc� hgdh\bjmk gag-v-abl.� ?keb� wlhl� \bjmk� ljZgknhjfbjh\Ze
de_ldb NIH3T3,� lh� obf_jguc� ]_g BCR — c-ABL� lZdhc� ljZgknhjfZpbb� g_
\uau\Ze��G_agZqbl_evgmx� ljZgknhjfZpbx� k� ihfhsvx� dhgkljmdpbb� gZ� hkgh\_
wlh]h�obf_jgh]h�]_gZ�fh`gh�[ueh�gZ[ex^Zlv�ebrv�\�kemqZ_�Rat-1-nb[jh[eZklh\
[51, 52].� ;he__� lh]h�� hdZaZehkv� qlh� ijb� h[jZ[hld_� dmevlmj� ebfnhpblh\� k
ihfhsvx�j_ljh\bjmkguo�dhgkljmdpbc��kh^_j`Zsbo�keblguc�]_g BCR— c-ABL,
hlf_q_gu�[he__� \ukhdb_� kdhjhklb�jhklZ�de_lhd��g_kmsbo� lZdmx�dhgkljmdpbx�
ih� kjZ\g_gbx� k� dhgljhevgufb� de_ldZfb��H^gZdh� \k_� lZdb_� de_ldb� ghjfZevgh
^bnn_j_gpbjh\Zebkv� b�� ke_^h\Zl_evgh�� wdkij_kkby� ]b[jb^gh]h� [_edZ BCR -c-
ABL� g_� y\ey_lky� djbl_jb_f� ^hklZlhqghklb� ^ey� khh[s_gby� de_ldZf� n_ghlbiZ
aehdZq_kl\_gghklb [53—56].

Ihfbfh� jZ[hl� ih� bamq_gbx� ljZgknhjfZpbhgguo� k\hckl\� [_edZ j���� gZ
mjh\g_� dmevlmj� de_lhd� [ueb� ijh\_^_gu� lZd`_� hiulu� gZ� hj]ZgbafZo�� <� wlhf
kemqZ_� \\_^_gb_� h[emq_gguf� kbg]_gguf� furZf� de_lhd� `hklgh]h� fha]Z�
ij_^\Zjbl_evgh� ljZgknhjfbjh\Zgguo� j_ljh\bjmkgufb� dhgkljmdpbyfb�
\dexqZxsbfb� keblguc� ]_g BCR — cABL,� ijb\h^beh� d� jZa\blbx� jZaebqguo
fb_ehijhebn_jZlb\guo� aZ[he_\Zgbc�� gZihfbgZxsbo� ojhgbq_kdmx� nZam
fb_ehe_cdhaZ [57, 58].�H^gZdh�b�a^_kv�^ey�ihemq_gby�iheghc�dZjlbgu�gZklhys_c
ljZgknhjfZpbb�de_lhd�lj_[h\Zehkv�_s_�g_dh_�]_g_lbq_kdh_�baf_g_gb_��Ke_^m_l
hlf_lblv��qlh�m�lZdbo�fur_c�\�[hevrbgkl\_�kemqZ_\�gZ[ex^Zebkv�ebfnhb^gu_
himoheb�� hkljZy� e_cd_fby� �fb_ehb^gZy� b� ebfnhb^gZy��� \uau\Zxsb_� [ukljmx
]b[_ev�`b\hlguo [59, 60].

BlZd��gZ�imlb�ihbkdZ�ijbqbgu� \hagbdgh\_gby� lZdhc�iZlheh]bb�q_eh\_dZ�
dZd� OFE�� gZc^_g� f_oZgbaf�� dhlhjuc� fh`_l� kem`blv� djbl_jb_f
g_h[oh^bfhklb��gh�g_�^hklZlhqghklb��Kmffbjh\Zggu_� a^_kv�^Zggu_�ihdZaZeb�
qlh� hg� nmgdpbhgbjm_l� gZ� fhe_dmeyjghf� mjh\g_�� Hq_\b^gh�� qlh� b� djbl_jbc
^hklZlhqghklb� lZd`_� ij_^klhbl� bkdZlv� gZ� �fhe_dmeyjghf� mjh\g_�� K� ^jm]hc
klhjhgu�� jZkdjulb_� fhe_dmeyjguo� hkgh\� iZlheh]bb� OFE� ^Z_l� \hafh`ghklv
ihbkdZ� p_e_gZijZ\e_gguo� kj_^kl\� [hjv[u� � � k� wlbf� aZ[he_\Zgb_f�� DZdbfb
^he`gu� [ulv� wlb� kj_^kl\Z"� <� gZklhys_f� h[ahj_� k^_eZgZ� ihiuldZ� hk\_lblv
kh\j_f_ggh_�khklhygb_�wlh]h�\hijhkZ�

Kh\j_f_ggu_� ih^oh^u� d� e_q_gbx� JK+
�e_cdhah\�� Ba\_klgh�� qlh� \

gZklhys__� \j_fy� g_� kms_kl\m_l� nZjfZdheh]bq_kdbo� kj_^kl\�� bae_qb\Zxsbo
e_cdhau�� GZb[he__� wnn_dlb\gh_� e_q_gb_� hkgh\Zgh� gZ� i_j_kZ^d_� a^hjh\h]h
dhklgh]h� fha]Z� \� hj]Zgbaf� [hevgh]h�� dhklguc� fha]� dhlhjh]h� bgZdlb\bjm_lky
h[emq_gb_f� beb� k� ihfhsvx� obfbhl_jZibb�� Ihkdhevdm� �ijh[e_fZ� ih^[hjZ
khhl\_lkl\mxs_]h� ^hghjZ� ljm^ghj_rZ_fZ�� lh� i_jki_dlb\gh� bkihevah\Zgb_
i_j_kZ^db� kh[kl\_ggh]h� dhklgh]h� fha]Z� [hevgh�lh�� hqbs_ggh]h� k� ihfhsvx
fZgbimeypbc in vitro�hl�]_g_lbq_kdb�^_n_dlguo�kl\heh\uo�de_lhd��K�ihfhsvx
dZdbo� fZgbimeypbc� fh`gh� ^h[blvky� lZdhc� hqbkldb"� Ba\_klgh�� qlh� ijb
^ebl_evghf�dmevlb\bjh\Zgbb�de_lhd�dhklgh]h�fha]Z in vitro�de_ldb��kh^_j`Zsb_
3K�ojhfhkhfm�� ihkl_i_ggh� webfbgbjmxlky�� l�� _�� hgb� [he__� qm\kl\bl_evgu� ih
kjZ\g_gbx� k� ghjfZevgufb� de_ldZfb� d� mkeh\byf in vitro.� Ke_^h\Zl_evgh�
[hevrh_�agZq_gb_�bf__l�Ihbkd�nZdlhjh\�b�ijb_fh\��mkdhjyxsbo�]b[_ev�lZdbo
de_lhd��<uykg_gb_�bo�iha\hebeh� [u� khdjZlblv� kjhdb�dmevlb\bjh\Zgby in vitro
dhklgh]h� fha]Z� b� \ha\jZs_gby� _]h� \� hj]Zgbaf� \� fZdkbfZevgh� g_baf_gzgghf
\b^_�

H^gZdh� ke_^m_l�hlf_lblv��qlh� \�gZklhys__� \j_fy� [he__�h[gZ^_`b\Zxsbf
y\ey_lky� ihbkd� g_� mkdhjyxsbo� ]b[_ev� aehdZq_kl\_gghc� de_ldb� nZdlhjh\�� Z
lZdbo�� dhlhju_� bkijZ\eyxl� ]_g_lbq_kdbc� ^_n_dl� ih^h[guo� de_lhd� aZ� kq_l
[ehdbjh\Zgby� h[jZah\Zgby� ijh^mdlh\� obf_jgh]h� ]_gZ�BCR — c-ABL.�D� lZdbf
nZdlhjZf� hlghkylky� Zglbkfukeh\u_� >GD�� ]b[jb^bamxsb_ky� k� fJGD� b� l_f
kZfuf� [ehdbjmxsb_� ijhp_kk� __� ljZgkeypbb [61],� Z� lZd`_� jb[habfu—
ki_pbZevgu_� fhe_dmeu� JGD�� h[eZ^Zxsb_� kihkh[ghklvx� ]b^jhebaZ
khhl\_lkl\mxsbo�ihke_^h\Zl_evghkl_c�JGD [62].
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Bkoh^y� ba� \hafh`ghklb� [ehdbjh\Zgby� ljZgkeypbb� ]b[jb^ghc� fZljbpu
keblgh]h�]_gZ BCR — c-ABL�h[jZ[Zlu\Zeb�dmevlmjm�[eZklguo�de_lhd��\ayluo�hl
[hevguo�OFE��k�ihfhsvx����qe_gguo�^_ahdkbgmde_hlb^h\��dhfie_f_glZjguo
h[eZklb� kludh\db� ]_gh\ BCR�b c-ABL.�Wlb� j_amevlZlu� ihdZaZeb� agZqbl_evgh_
kgb`_gb_�mjh\gy�ijhebn_jZpbb�^_n_dlguo�de_lhd��\�lh�\j_fy�dZd�\ebygby�wlbo
fhe_dmeyjguo� kj_^kl\� gZ� jhkl� b� ^bnn_j_gpbjh\dm� ghjfZevguo� de_lhd —
ij_^r_kl\_ggbdh\� we_f_glh\� djh\b —� aZf_q_gh� g_� [ueh [63].�Hq_\b^gh�� qlh
wlh� i_j\u_� h[gZ^_`b\Zxsb_� j_amevlZlu� eZ[hjZlhjguo� bkiulZgbc�� h^gZdh
ij_^klhbl� _s_� fgh]hljm^gZy� jZ[hlZ� ih� \hkijhba\_^_gbx� bo� gZ� mjh\g_� hj�
]ZgbafZ� b� hkh[_ggh� kj_^kl\� ^hklZ\db� fhe_dmeyjguo� ©e_dZjkl\ª� \� de_ldb� b
kh[ex^_gby�mkeh\bc�bo�wnn_dlb\gh]h�nmgdpbhgbjh\Zgby�

B^_y� bkihevah\Zgby� jb[habfh\�� ]b^jhebamxsbo� ]b[jb^gmx� fJGD
keblgh]h�]_gZ BCR — c-ABL�b�l_f�kZfuf�bkijZ\eyxsbo�]_g_lbq_kdbc�^_n_dl
de_ldb�� \� ojhfhkhfghf� ZiiZjZl_� dhlhjhc� ijhbahreZ� JK+

�ljZgkehdZpby�
qj_a\uqZcgh� ijb\e_dZl_evgZ�� Wlh� k\yaZgh� k� l_f�� qlh� jb[habf� kem`bl� ebrv
dZlZebaZlhjhf� b� kZf� \� j_Zdpbyo� g_� jZkoh^m_lky�� Ke_^h\Zl_evgh�� \
iZlheh]bq_kdmx� de_ldm� ^hklZlhqgh� \\_klb� bgnhjfZpbx� ^ey� kbgl_aZ� lZdh]h
jb[habfZ�b�de_ldZ�kfh`_l�Z\lhfZlbq_kdb�ijh\h^blv�gm`gmx�\�^Zgghf�kemqZ_
j_Zdpbx�� G_kfhljy� gZ� \kx� ijb\e_dZl_evghklv�� ijZdlbq_kdb_� j_amevlZlu� ih
bkihevah\Zgbx�jb[habfh\�^ey�mkljZg_gby� ]b[jb^ghc�fJGD BCR.—c-ABL� _s_
g_� ba\_klgu�� ohly� ba� ebqguo� khh[s_gbc� fu� agZ_f�� qlh� lZdb_� jZ[hlu� m`_
ijh\h^ylky�

BlZd�� gZ� k_]h^gyrgbc� ^_gv� ihfbfh� i_j_kZ^db� dhklgh]h� fha]Z� mkbeby� \
ihbkd_� iml_c� e_q_gby� e_cdhah\� khkj_^hlhqb\Zxlky� gZ� \hafh`ghklb
bkijZ\e_gby� ^_n_dlZ� kl\heh\hc� de_ldb� k� ihfhsvx� lZdbo� fhe_dmeyjguo
kj_^kl\�� dZd� Zglbkfukeh\Zy� >GD� b� jb[habfu�� L_f� g_� f_g__�� \Z`gh� b
h[gZjm`_gb_� obfbhl_jZi_\lbq_kdbo� kj_^kl\�� hkms_kl\eyxsbo� ba[bjZl_evgh_
mgbqlh`_gb_� aehdZq_kl\_gguo� de_lhd� dhklgh]h� fha]Z�� H^gZdh� ihbkd� lZdbo
\_s_kl\�b�bamq_gb_�wnn_dlb\ghklb�bo�^_ckl\by�k\yaZgu�k�^jm]hc�fhe_dmeyjghc
ijh[e_fhc�� lZd� gZau\Z_fhc� fgh`_kl\_gghc� e_dZjkl\_gghc� mklhcqb\hklvx
ljZgknhjfbjh\Zgguo�de_lhd���hq_gv�[ukljh�\hagbdZxs_c�\�ijhp_kk_�e_q_gby�k
ihfhsvx�nZjfZdheh]bq_kdbo�kj_^kl\�

<� hkgh\_� wlh]h� y\e_gby� e_`bl� Zdlb\Zpby� fhe_dmeyjgh]h� f_oZgbafZ�
ijb\h^ys_]h�d�\u\_^_gbx�e_dZjkl\Z�ba�de_ldb�b�hj]ZgbafZ��<�gZklhys__�\j_fy
wlZ� ijh[e_fZ� bgl_gkb\gh� bkke_^m_lky�� J_amevlZlu�� ihemq_ggu_� ^h 1991� ]��
kmffbjh\Zgu� \�fhgh]jZnbb [64],� Z� lZd`_� \� jy^_� h[ahjh\ [65—68].� A^_kv� fu
ebrv� djZldh� hlf_lbf�� qlh� fgh`_kl\_ggZy� e_dZjkl\_ggZy� mklhcqb\hklv
hij_^_ey_lky� bg^mdpb_c� kbgl_aZ� \� de_ld_� ki_pbZevgh]h� � � ljZgkf_f[jZggh]h
]ebdhijhl_bgZ —� J�]ebdhijhl_bgZ� �J�JS��� hlghkys_]hky� d� lZd� gZau\Z_fhfm
ABC�k_f_ckl\m—kmi_jk_f_ckl\m� :LN�k\yau\Zxsbo� [_edh\� de_ldb [69].
IhdZaZgh�� qlh� wlhl� [_ehd� k\yau\Z_l� jZaebqgu_� ebihnbevgu_� kh_^bg_gby�
bkihevamxsb_ky� dZd� e_dZjkl\Z�� b� [ukljh� \u\h^bl� bo� ba� de_ldb [70—76].
Ihq_fm� bg^mpbjm_lky� kbgl_a� wlh]h� [_edZ� \� de_ldZo� ijb� e_q_gbb� k� ihfhsvx
obfbq_kdbo�kj_^kl\�b�dZdh\Z�nmgdpby�_]h�\�ghjfZevguo�de_ldZo"�Ijb�ZgZeba_
ihklZ\e_ggh]h�\hijhkZ�[hevrmx�jhev�ku]jZeh�dehgbjh\Zgb_�]_gZ�wlh]h�[_edZ�
ihemqb\r_]h� gZa\Zgb_ MDR1 (multidrug resistance) [77]. HdZaZehkv�� qlh� m
fe_dhiblZxsbo�bf__lky�jy^�ihoh`bo�^jm]�gZ�^jm]Z�ihke_^h\Zl_evghkl_c�lbiZ
MDR1�b��lZdbf�h[jZahf��wlhl�]_g�ijbgZ^e_`bl�d�fmevlb]_gghfm�k_f_ckl\m��<
gZklhys__�\j_fy�dehgbjh\Zg�]_g�MDR2 [78]�b MDR3-]_g�q_eh\_dZ [79].�Ijbgylh
kqblZlv��qlh�n_ghlbi�e_dZjkl\_gghc�mklhcqb\hklb�de_lhd�k\yaZg�k�]_ghf MDR1.
H^gZdh�ijb�jZ[hl_�k�k_f_ckl\hf�]_gh\ MDR�[ueb�h[gZjm`_gu�\k_�lZdb�^\Z�ba
gbo�� h[mkeh\eb\Zxsbo� hibku\Z_fuc�n_ghlbi� de_lhd�� gh� ijb� wlhf� hgb� dh^b�
jh\Zeb� ijh^mdlu�� h[eZ^Zxsb_� jZaebqghc� ki_pbnbqghklvx� d� f_^bdZf_glZf
[80].

?keb� e_dZjkl\_ggZy� mklhcqb\hklv� aehdZq_kl\_gguo� de_lhd� k\yaZgZ� k
bg^mdpb_c� kbgl_aZ� \� gbo P-gp,� lh� dZdh\h� khklhygb_� ]_gZ� b� dZdh\Z� nmgdpby
dh^bjm_fh]h�bf�[_edZ�\�ghjfZevguo�de_ldZo"�<uykg_gbx

86                             ISSN 0233-7657.;BHIHEBF?JU B DE?LD:� ����� L� ��� � �



wlh]h� \hijhkZ� ihk\ys_gu� jZ[hlu [81—88].� Ij_`^_� \k_]h�� [ueb� bamq_gu
mjh\gby� wdkij_kkbb MDR1� \� kZfuo� jZaebqguo� ldZgyo� fe_dhiblZxsbo�� qlh
ihdZaZeh� j_]mebjm_fhklv� wdkij_kkbb� FDR1,� ghkys_c� ijb� wlhf
ldZg_ki_pbnbq_kdbc xajZdl_j.� HdZaZehkv�� qlh� \k_� ldZgb� hj]ZgbafZ� fh`gh
jZa^_eblv�gZ�ljb�]jmiiu�ih�mjh\gx�wdkij_kkbb MDR1:�\ukhdbc��mf_j_gguc�b
gbadbc�� <ukhdbc� mjh\_gv� h[gZjm`_g�� gZijbf_j�� �\� de_ldZo� j_]_g_jbjmxs_c
i_q_gb [86],� \� k_dj_lhjghf� wibl_ebb� fZldb� k� jZa\b\Zxsbfky� ieh^hf [84],� \
gZ^ihq_qgbdZo� b� ihqdZo [83],� \� kl\heh\uo� iexjbihl_glguo� de_ldZo� dhklgh]h
fha]Z [87],�\�lh�\j_fy�dZd�^ey�de_lhd�i_jbn_jbq_kdhc�djh\b�oZjZdl_j_g�gbadbc
mjh\_gv [88].�Ba�wlbo�^Zgguo�ke_^m_l��qlh�\�kemqZ_�ijhbkoh`^_gby�himoheb�ba
ldZgb�� oZjZdl_jbamxs_cky� \ukhdbf� mjh\g_f� wdkij_kkbb MDR1,� hgZ� ^he`gZ
[ulv�mklhcqb\hc�d�e_dZjkl\Zf��H^gZdh�ba\_klgh��qlh�himoheb�ldZg_c�k�gbadbf
mjh\g_f� wdkij_kkbb MDR1� klZgh\ylky� g_qm\kl\bl_evgufb� d� ^_ckl\bx
pblhklZlbdh\� b� \� wlbo� kemqZyo� kh^_j`Zgb_� \� de_ld_ P-gp ih\urZ_lky�� <
j_amevlZl_�q_]h�ijhbkoh^bl�k\_jokbgl_a�^Zggh]h�[_edZ"�Ij_`^_�\k_]h��gZc^_gh�
qlh� \� aehdZq_kl\_gguo� de_ldZo� \hafh`gZ� ZfiebnbdZpby MDRl-]_gZ� �pbl�� ih
[82]).�Ijb�wlhf�ih\ur_ggu_�mjh\gb�fJGD MDR1�\uy\eyxlky��dZd�ijZ\beh��ijb
hlkmlkl\bb� ]_gghc� ZfiebnbdZpbb [89].� <� j_amevlZl_� dZdbo� kh[ulbc� fh`_l
ijhbkoh^blv� mkbe_gb_� ljZgkdjbipbb MDR1�]_gZ"� H^bg� ba� hl\_lh\� gZ� wlhl
\hijhk� ^Z_l� jZ[hlZ [90].� ?_� Z\lhjZf� m^Zehkv� \u^_eblv� ba� y^_j� ki_pbZevguc
[_ehd�NF-R1,� k\yau\Zxsbcky� k�ijhfhlhjhf� ]_gZ MDR1.�HdZaZehkv�� qlh� hij_�
^_e_ggu_�fmlZpbb� \� hij_^_e_gguo� kZclZo� ^Zggh]h� ijhfhlhjZ� ij_^hl\jZsZxl
k\yau\Zgb_� wlh]h� nZdlhjZ� k� ^Zggufb� gmde_hlb^gufb� ihke_^h\Zl_evghklyfb�
qlh�ijb\h^beh�d�m\_ebq_gbx�ljZgkdjbipbb�]_gZ�MDR1�\ 2—3�jZaZ���Hq_\b^gh�
ih^h[guc� wnn_dl�fh`_l�gZ[ex^Zlvky�b� \� kemqZ_� khhl\_lkl\mxsbo�fmlZpbc� \
]_g_� kZfh]h�nZdlhjZ NF-R1.) Jhev� jZaebqguo� kZclh\� ijhfhlhjZ� \� wdkij_kkbb
]_gh\ MDR�bamq_gZ�\�jZ[hl_ [91].�Ke_^m_l�hlf_lblv��qlh� lZdh_�g_[hevrh_��gh
debgbq_kdb� agZqbfh_� m\_ebq_gb_� mjh\gy� ljZgkdjbipbb� g_� \k_]^Z�fh`_l� [ulv
aZf_q_gh� k�ihfhsvx�h[uqguo�f_lh^h\� ]b[jb^baZpbb� k� ahg^hf� ]_gZ MDR1. <
k\yab�k�wlbf�[ue�jZajZ[hlZg�\ukhdhqm\kl\bl_evguc�f_lh^�baf_j_gby�mjh\g_c
fJGD� ]_gZ MDR1� gZ� hkgh\_� l_ogbdb� ihebf_jZaguo� p_iguo� j_Zdpbc [92],
iha\heb\rbc�ihdZaZlv��qlh�ijb�dhglZdl_�k�pblhklZlbdhf�de_lhd�k�©fheqZsbfª
]_ghf MDR1� ijhbkoh^bl� nbabq_kdh_� ih\j_`^_gb_� wlbo� de_lhd�� Ijb� wlhf
mjh\gb� fJGD�� ^Zggh]h� ]_gZ� ih\urZxlky� lZd`_� ijbf_jgh� \ 2—3� jZaZ [93].
:dlb\bjm_lky�eb�\�lZdhf� kemqZ_� ljZgkdjbipby 0'5O�]_gZ�beb�hkms_kl\ey_lky
klZ[bebaZpby�fJGD —� _s_�ij_^klhbl� \uykgblv��;hevrh_� \gbfZgb_� \� k\yab� k
wlbf� ijb\e_dZxl� ^Zggu_�� ihdZau\Zxsb_�� qlh� ^ey P-gp�[_edZ� oZjZdl_jgZ� [b�
nmgdpbhgZevghklv��mqZklb_�\�Zdlb\ghf�ljZgkihjl_�ebihnbevguo�kh_^bg_gbc�b
nmgdpbhgbjh\Zgbb� Zgbhggh]h� dZgZeZ� de_ldb�� j_]mebjm_fh]h� h[t_fhf� de_ldb
[94].�?keb�nbabq_kdh_�ih\j_`^_gb_�de_ldb�baf_gy_l�nmgdpbb�Zgbhggh]h�dZgZeZ�
lh P-gp� ^he`_g� j_Z]bjh\Zlv� gZ� wlh� ki_pbZevguf� h[jZahf� b�� ke_^h\Zl_evgh�
ij_^klhbl�jZkdjulv�f_oZgbaf�wlhc�j_Zdpbb�

Ijb�bamq_gbb�f_oZgbafh\�Zdlb\Zpbb�ljZgkdjbipbb�]_gZ MDR1 ijb\e_dZ_l
\gbfZgb_� bkke_^h\Zgb_� jheb� f_lbebjh\Zgby� &S*�kZclh\� ih� �'-iheh`_gbx
hklZldh\� pblhabgZ�� ihkdhevdm� ba\_klgh�� qlh� fh^bnbdZpby� hkgh\Zgbc� >GD
hij_^_ey_l� ljZgkdjbipbhggmx� Zdlb\ghklv� ]_gh\� �kf�� h[ahju [95—98]).� >ey
[hevrbgkl\Z� ]_gh\� ghjfZevguo� de_lhd� Zdlb\Zpby� ljZgkdjbipbb� k\yaZgZ� k
]bihf_lbebjh\Zgb_f� gmde_hlb^guo� ihke_^h\Zl_evghkl_c�� hkh[_ggh� \� h[eZklb
ijhfhlhjZ��GZijhlb\��]bi_jf_lbebjh\Zgb_�fh`_l�\uau\Zlv�bgZdlb\Zpbx�]_gZ�
�?keb� bgZdlb\bjm_lky� lZdhc� ]_g�� dZd� Zglbhgdh]_g�� lh� ^he`_g� j_Zebah\Zlvky
ljZgknhjfZpbhgguc�ijhp_kk�b��\hafh`gh��bf_ggh�lZdh_�kh[ulb_�h[gZjm`_gh�\
jZ[hl_ [99].)�;he__�lh]h��ljZgkdjbipbhggh�agZqbfuf�hdZaZehkv�f_lbebjh\Zgb_
g_�lhevdh�ijhfhlhjguo�ihke_^h\Zl_evghkl_c��gh�b�kZclh\�\�kljmdlmjghc�qZklb
]_gZ�\�lhf�kemqZ_��_keb�dh^bjm_fuc�ijh^mdl�h[eZ^Z_l�k\hckl\hf�Z\lhj_ij_kkhjZ
b�magZ_l�f_lbebjh\Zbgu_�mqZkldb��k\yau�

ISSN 0233-7657.;BHIHEBF?JU B DE?LD:� 1994.L� ���� �                           87



\Zgby��Ykgh��qlh�baf_g_gb_�\�oZjZdl_j_�f_lbebjh\Zgby�ijb\h^bl�d�baf_g_gbx�\
oZjZdl_j_�ljZgkdjbipbb��Ih^h[gZy�kblmZpby�h[gZjm`_gZ�^ey�lZdh]h�[_edZ��dZd
hgdh]_g�k�lmk�>���@��<�gZklhys__�\j_fy�agZq_gb_�f_lbebjh\Zgby�j_]meylhjgbo�b
kljmdlmjguo�ihke_^h\Zl_evghkl_c�]_gZ MDR1�hklZ_lky�iheghklvx�g_ba\_klguf�
b�lZdb_�bkke_^h\Zgby�ij_^klZ\eyxlky�kms_kl\_ggufb�

DZdh\u� j_amevlZlu� ZgZebaZ� khklhygby� ]_gZ MDR1� \� de_ldZo� djh\b Ph-
e_cdhah\"� Bo� fh`gh� djZldh� kmffbjh\Zlv� ke_^mxsbf� h[jZahf�� DZd� m`_
hlf_qZehkv�� g_kfhljy� gZ� lh�� qlh� \� de_ldZo� dhklgh]h� fha]Z� ijhbkoh^bl
bgl_gkb\gZy� wdkij_kkby� ]_gZ MDR1,� \� de_ldZo� i_jbn_jbq_kdhc� djh\b� k
ihfhsvx� h[uqguo� f_lh^h\� wlh]h� g_� \uy\e_gh [87].� H^gZdh� bkihevah\Zgb_
fhghdehgZevguo� Zglbl_e� d� Zglb]_gm� de_lhqguo� ^_l_jfbgZgl�� ijhlhqghc
nexhjbf_ljbb� b� pcr�ZfiebnbdZpbb� ihdZaZeh�� qlh� p_euc� jy^� de_lhqguo
km[ihimeypbc� oZjZdl_jbam_lky� Zdlb\ghc� wdkij_kkb_c� ^Zggh]h� ]_gZ� >���@�

Ke_^h\Zl_evgh�� ijb� j_ZebaZpbb� ijbgpbiZ� k_e_dpbb� beb� h[h]Zs_gby� lhc� beb
bghc� km[ihimeypbb� gZ� mjh\g_� hj]ZgbafZ� fh`_l� \hagbdgmlv� n_ghlbi
fgh`_kl\_gghc�e_dZjkl\_gghc�mklhcqb\hklb�

Ijb� h[ke_^h\Zgbb� djh\b� [hevguo� \� ojhgbq_kdhc� b� hkljhc�nZaZo� l_q_gby
OFE� �Z� lZd`_� p_eh]h� jy^Z� hkljuo� e_cd_fbc�� [ueh� ihdZaZgh�� qlh� i_j_oh^
ojhgbq_kdhc�nZau�\�hkljmx�khijh\h`^Zeky�\hagbdgh\_gb_f�j_adh�\ujZ`_gghc
fgh`_kl\_gghc� e_dZjkl\_gghc� mklhcqb\hklb�� k\yaZgghc� kh� k\_jokbgl_ahf� \
de_ldZo�3�JS�[_edZ��hij_^_ey_fh]h�\�hkgh\ghf�bffmgheh]bq_kdb [102—���@��<
j_amevlZl_� dZdh]h� kh[ulby� ijhbkoh^beh� m\_ebq_gb_� wdkij_kkbb� ]_gZ MDR1:
dZkZxs_]hky�de_lhqghc�k_e_dpbb�eb[h�baf_g_gbc�\�klZlmk_�]_gZ MDR1,—�_s_
g_� ykgh�� H^gZdh� bf_xsb_ky� ^Zggu_� ihdZau\Zxl�� qlh� ijb� ihbkd_
obfbhl_jZi_\lbq_�kdbo�kj_^kl\�b�ijbf_g_gbb�bo�^ey�e_q_gby�lZdbo�iZlheh]bc�
dZd� aehdZq_kl\_ggu_� aZ[he_\Zgby� djh\b�� \Z`gh� ke_^blv� aZ� dhgp_gljZpb_c� \
de_ldZo�[hevguo�[_edZ P-gp�b�_]h�nmgdpb_c�

AZdexq_gb_�� AgZqbl_evguc� ijh]j_kk� \� gZr_f� ihgbfZgbb� [bheh]bb� Ph-
e_cdhah\� h[mkeh\e_g� ke_^mxsbfb� hkgh\gufb� hldjulbyfb�� <h�i_j\uo�
mklZgh\e_gb_f�nZdlZ� ojhfhkhfguo� Z[_jjZpbc� ^ey� ^Zgghc�iZlheh]bb t(9; 22).
<h�\lhjuo�� h[gZjm`_gb_f� fhe_dmeyjghc� hkgh\u� aZ[he_\Zgby�� Z� bf_ggh�
h[jZah\Zgby� keblgh]h BCR —� k�$%/�l_gZ�� <�lj_lvbo�� ih^l\_j`^_gb_f
ljZgknhjfZpbhgguo�k\hckl\�]b[jb^gh]h�]_gZ�b�\uykg_gb_f�jheb�wlbo�]_gh\�\
ghjfZevghc�de_ld_�

<� gZklhys__� \j_fy� g_h[oh^bfh� agZlv�� dZdbf� h[jZahf� ijh^mdlu� j_�
dhf[bgZglgh]h� ]_gZ� hij_^_eyxl� himohe_\uc� n_ghlbi� de_ldb�� y\ey_lky� eb
ljZgkehdZpby� ]_gh\� _^bgkl\_gguf� kh[ulb_f�� h[mkeh\eb\Zxsbf� himohe_\uc
ijhp_kk�� beb� g_h[oh^bfu� ^h[Z\hqgu_� ]_g_lbq_kdb_� baf_g_gby�� AZ\bkbl� eb
ijh]j_kkbjh\Zgb_� aZ[he_\Zgby� ijb� OFE� lhevdh� hl� baf_g_gbc� ]_gh\ —
kmij_kkhjh\�himohe_\h]h�jhklZ�beb�`_�hgh�k\yaZgh�b�k�^jm]bfb�fhe_dmeyjgufb
i_j_kljhcdZfb��?s_�ij_^klhbl�\uykgblv��q_f�h[mkeh\e_gu�hlebqby�\�l_q_gbb
OFE�b�HEE�k�lhqdhc�jZaju\Z�\ M-bcr.

<hkkha^Zgb_� iheghc� dZjlbgu� jZa\blby� 3K�e_cd_fbc� jZkrbjbl� ih�fZgb_
aZdhghf_jghkl_c� himohe_\h]h� ijhp_kkZ� ijb� ^jm]bo� g_hieZabyo�� iha\hebl
jZajZ[hlZlv�[he__�^_ckl\_ggu_�f_lh^u�e_q_gby�

=��>��L_e_]_}\��F��<��>b[dh\��H� I.�DZji_gdh��H��Y��Q_j_i_gdh

 FHE?DMEYJG1 HKGH<B 3K�E?CD?F1B L:REYOB 2; E1DM<:GGY

J_axf_

<� h]ey^�� kmfh\Zgh� j_amevlZlb� \b\q_ggy� ]_g_lbqgbo� af�g�� yd�� kdeZ^Zxlv� hkgh\m� ojhg�qgh�
f�}eh�^gh�� e_cd_f��� �OFE�� �� ]hkljh]h� e�f�nh[eZklgh]h� e_cdham� �=EE��� Hkh[eb\m� m\Z]m
ijb^�e_gh� obf_jghfm BCR—c-ABL-]_gm,� ydbc� ml\hjx}lvky� �a� ^\ho� ghjfZevgbo� ]_g�\� aZ
jZomghd� ki_pbn�qgh�� ojhfhkhfgh�� ljZgkehdZp���� Z� lZdh`� ^hke�^`_ggx� \ieb\m� ijh^mdl�\
j_dhf[�gZglgh]h� ]_gZ� gZ� ijhp_k� fZe�]g�aZp���� H[]h\hjxxlvky� ijh[e_fb� l_jZi��� e_cdha�\� a
\bdhjbklZggyf�^\ho�i�^oh^�\��I_jrbc�lhjdZ}lvky�\�^gh\e_ggy�af�g_gh]h�n_ghlbim�de�lbgb�aZ
^hihfh]hx�Zglbk_gkhjgh��>GD���jb[habf�\��ki_pbn�qgh�[eh�
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dmxqbo� fJGD�� ^jm]bc—aZklhkm\Zggy� o�f�hij_iZjZl�\�� yd�� \[b\Zxlv� iZlheh]�qg�� de�lbgb�� M
a\
yadm� a� pbf� dhjhldh� \bk\�le_gh� iblZgby� fgh`bggh�� e�dZjkvdh�� kl�cdhkl��� ijblZfZggh��� yd
ijZ\beh��ljZgknhjfh\Zgbf�dehgZf�

G. D. Telegeev,�F� V. Dybkov.�H� I. Karpenko,�G� I. Cherepenko

MOLECULAR BASIS OF Ph+ LEUKEMIA

AND FINDING THE WAY TO TREAT THEM

Summary

The review summarizes the recent study of genetic changes in stem blood cells leading to chronic
myelogenous leukemia (CML) and acute lymphoblastic leukemia (ALL). The main emphasis is made
on the description of chimeric BCR-ABL gene resulting from a fusion of two normal genes occurred
due to specific chromosome translocation. The role of products of such a recombinant gene in a
malignancy process is discussed. Two strategies in developing CML and ALL treatment are pointed.
One of them concerns the possibility to restore changed cell phenotype using antisense DNA and
ribozymes attacking recombinant gene messenger and thereby blocking this gene expression. The
other is directed to the specific killing of the changed cells using chemotherapeutic drugs. On this way
the problem of multidrug resistance typical  ijor  malignant  ccfts is briefly summarized.
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