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The BCR/ABL fusion gene is an important inhibiting gene of apoptosis and displays higher protein

tyrosine kinases activity. The fusion gene activates a number of signaling molecules including SRC kinases

PKC STAT which may play an important role in tumor malignant transformation.

Key words  The BCR/ABL fusion gene

ey gk philadephia Ph H 1960 41 1%
PERI AN M5 chronic myeloid leukemia CML FH
BRGNS — AN TR 5 0 AH OC Y 40
fligt e F ks Ph Qe iR BIMEC il CML 12
HESREIR H R TR AR A B 9 22

q34 qll  WH5EIEH] Sfise i 9 Sk B
JRJE L[N abelson proto-oncogene ABL 5y & 22
SYLERATHT LS FEEE X breakpoint cluster region
BCR |- JEJ BCR/ABL Bl &N 2 se B bR
JOIEP BA MRS CML i Iazhseds %5 #
PRI I M 0 T 2 R 2 UK protein tyrosine ki-
nase PTK iR H T 2 FOA R 115 5@ ie S 2
o s As D AN TS PTK 28 15 55 S
8 ATP 1Y y-BEPR I 5% 7% 31| K 2R Sl B i F2 5k B
— Tl NAE S T A BRI AL = I ke —
NEERIRE BRI E 55 T r i 7EAM
HMSTE S 3 T 5 2R 0 28R & o R R i AR
M RZAER TR R AN s Y B H A 31
AN S S ) R DR 4 R Y 7 S A Dy
BCR/ABL il 3 [ i G FR P 1T A Py 2 ZE AL

YR L 400016 H PR EE R} K2 A b TUAE 2 58 A 58 A BBF =
EWIREH BLT5# E-mail zwz2007cn@ yahoo. com. cn

Protein tyrosine kinase

Signal transduction

Bt BCR/ABL il 5 5 K 5 1 L 9 Y 56 A —

1 BCR/ABL BEEBERHEREEL

CML 1 95% DL 17 1E BCR/ABL @& LA B
& HATHEFEIE R A WY B A B oy e ik
L 40 B P i s
ALL 2 MEgE40Et: 3 iMis acute myeloid leukemi-
a AML EHEHAE S5 258 myelodysplastic syn-
drome MDS Fll H £ 21 40 ffd 384 Z2 i polycythemia
vera PV S5 BCR/ABL Bl ARk kI
£ 3% ~5% WYL S L B 401 11 1 oAy
T£ BCR/ABL i3 H ° It BCR/ABL filv 2E
AMEJE CM 20 J7ROWEEFI I/ NGR B ikt MRD
BEIAA R ds bR T H AL 2 E AML ALL 46y5 77
E DY G NE LN
1.1 BCR/ABL B &R RY 54 + 9 22 34
qll JE R Ph Qe i ik 74 BCR/ABL Rl & %
BCR & H W IIREN B HEAN S 7 1 E 222 I
IR P W] Y 5 RN 52 ] 7~ GEF 45
A SRR A iy 5 =l TR KT £ 1 45 A B see
[FIX-2 SH, &G0 WrEsbi+ 1 F SH, 454

acute lymphocytic leukemia



- 308 [E B e 2t 4 2006 4E 8 H 15 HE529 %454 ] Int J Genet  Aug 15 2006 Vol 29 No. 4

SR R 100 A 22 R 5 B4 A1) v B R ST 11 2 5
FRF) SR IR s AR ) £ 3L F ' BCR
REHMA 1 Bap-l fEHFImumiIfis A RKFETZ
REEAHEM 2 Grb2 Himuw & 177 £ 1 Bk
g% R SH, Z5 & 0 S 45 4 i ABL 528 — 4
I = A SH, &5 A0S IE%# %) ABL &
FTEREIE NoRuifl &4 3 /> SH Z5F9 5l 78 G 45
38 L 1T 255 393 A7 1) i 2 R E Y F SR AL
M TEALT SHy Z5H9 500 8 I 2 BRI T £ 401
IR 2R TN 2R A2 = AR ) B A s XU —
A IS SR 1Y XL B REE A G SH, S5 R SR
—MEMENMEYY RIERMASEE G FLsiE
FIE56 X — M55 A E LG 5 Z A
DNA ®
1.2 BCR/ABL @il & FE R T 1 I 2 % 26 11 1 Fof
X RGP R B T K 2 R 2T Y 2
Ui Ry 9 22 By fA i 3 Y HE
S AR 9 22 Qeik Gy LIS )E K
S5 ST T ML BCR/ABL il 3L D4 B T 54 05,
LG i 9 Syl Wi s R e 22 %
W REEORTE R 4R 2B TR 14
G A S N T A TS I i A A P N O
B EAA SRR AT ABL BRI 25X R
MR T a, XAFETF BCR 3L Wi 2407 S AR 4
{145 b,a,

esa, Ml bsa, ey a, Mufl eya, HIN BHFEAL
P190"** | P210"*" } P230" " AR 4yl E
FOLF CML K& ALL 45 K84y CML & M-BCR/
ABL AU L 7o fik /I P90 40 5 11 BCR
FHNE=H PR ® ABLIENANEF2 a, J
Hifth 58 N HIR Hoh 17 D FRR i ABL
SH, X #8575 HHEIAH SHy () EZ/E-AT
P8 SH, X PTK itk Hig I a, BCS5E ABL 1%
s HeALfE iR © REAY BCR/ABL & [
(R A7 BB/ 25 S T R X 9 0 1) e L 28 ¢
Gigd

PTK TEVT 22 4 M0 {7 5% 5 308 RN 8 1 40 i P55

PG TS A A A 2203 3k Aok K 4
BT A5 J5 R A EEMEH PTK DR A HLRH
FUMIRE () e A= S VAR G A VR 229 SRR R =4 )
Jy PTK M M-% BCR/ABL Fh & 3 [H 7= ¥y
P210"" i S R 2 11 T 5 P ) S s v T 8K

AJE m-B minor ela, M-% major

JEYIME5 5y T WAL X7 BCR/ABL Rl & 3 R GE
HAe P EEEEH 2SECML () EZRA m-H
A 2 K ok P190™ ™ B 1] T 5 8 ALL

Deininger ° Ay P210*7*" &% P190™*" (1) PTK JF ¥
55 (HEASAS CML Xt TS ALL H2 R F
7 Br Lo P210"7 B R B oy CML M b A
P210" "'t GTP [ Hl rac GTP B RBLAY Dy g T

RE 2 X H B E A

1.3 BCR/ABL B &% 45 Gib, BCR/ABL il 4
B AT 2 MR VO R S ABL UG LS —
MO ATP 256 KA TEPER R XA K&
—ANEIA N F BCR/ABL % 22 R i il o e 15 1k 2 56
FEX AL A A ABL 3R 202 T 4% A iR
i Z [ A [R] BCR/ABL [&] 22 76 4 it 5T - 7 A o1 v
BCR/ABL 2 [Jj H shilg b 1 P& 2 PR sl Bt i 1 157
AR A Grb, %) SH, Z5#935 CRK 5 2 N 25 R
1 CRKL 4N s Grb, 22— {2 RikM2Z
IREE T TEANRR Y Z P LA () D BE Ty T R % 2 X
ZVER R4 SR AR 32 (K F Ras {5 5%
BRI EZE IR AR T3S TGS E
A RO I 0 A i 4 2R P
A BCR/ABL it g2 Mg JE K p21™ C-myc A5
fiff PI3K A5 2257 4 IR PAG < % MAPK % 24 iR
TRl 1555 5 M s WG 1 STAT 4t At J&) 45
JEEE R P27 T

2 BCR/ABL @p&E RS MpEREEZEL

YA 2 ZKEL S CML 1 & AR A7 e A %
P RBESF Y R RT-PCR o3 EDIC ik K it =X
AMPAR 3 HTIESE N Gy ] cyelinD SFZ G K 5L cy-
clinD, 4f Jid Jis) $9 8 4% % ¥ A B 414> 7 BCR/
ABL"K562 4lifi R RAREIGm AT TR
TR p210° ! Fl A HE DX S A I R T
BTG PEZ AR OC R MfTH 2 T3t ABL 25 11 S
SR W X M P BRI K562-ib-Egfp 4 iR AL JiE
5% CMLeyclinD, (%) 323k b 5 5 % 3% & () BCR/
ABL R [ i SRR 15 M A A SR R A
k1 BCR/ABL Fri 3% 1 cyclinD, ()4 3814 AT i 3 24
Wi Go/G, BBk A S W1 {2 Ean M s A
WFFEIE B B cyelinD, {HAR B2 ot 41 i J5 3]
P F/NR A EEE BCR/ABL ANEES T HAT A7 4
FERN #2875 BCR/ABL i3 B3G5 cyclinD, (3%



[ B A2 244 2006 4E 8 H 15 HE529 %5454 ] Int J Genet  Aug 15 2006 Vol 29 No. 4 - 309-

PEMA R — 2 IR E BRI A R R
cyclinD, A2 4EHF BCR/ABL ME— [ 2l Jitd J&] 1114
4y BCR/ABL i n] it ok 14 JA 3 = Ao 1 2
FABEI ] 7 P27 T af 200 e 30 A A 7

FH PI3K 41 il K7 &b B 5235 BCR/ABL () 41 g 14—
H R eyelinD, 1 P275 i 2815 7] AEFRe ) 2 —
MK PIBK/AKT (134219 {32 BCR/ABL

cyclinD, I P27 2 [A] ) 4 F Bk &R iF K 58 & 75

w9
7B

3 BCR/ABL & EETIHESHES

3.1 Src {#liff BCR/ABL filif5 3R 52 2% 1 45 16 35§,
WG Z A5 S E K %5 RAS RAF MAPK STAT
JNK/SAPK PI-3K NF-KB f{l c-myc BCR/ABL #z &
HEHMASBRAESESHSNRIHT 5k
BCR/ABL i 588 1B B SR ARt 7 B i 2 1R 5% 3
)52 IR AL P AR IS 2R Z 5 Y
) SH, X sre [RITRIX 2 FIBEER AL A0 Bk B2 1E 1%
S TEt A iEd itk BCR/ABL 3G
sre YEFF % 1Y Lyn Fl Hek BCR/ABL 4 24 (1) 45 4
BN sre WHEITIA R H A SR IE X
PSR ALRFN sre JH] R F B ST $E 7R sre S
AERSHR iR SN 3k BCR/ABL f B 36 40 Jfd bk A 72 3%
% 10

Deininger % ° HfF5¢ & B sre X T 5 2tk
B kL 40 M A (it B-ALL 207 1Y 1 X T
CML 1) S WA Z LT/ FER & B ik BE4H
Mo N B i BCR/ABL 3435 sre B4 % Lyn
Hek Fl Fgr A Z /D= PR sre GRS /N B 3015
TR T BCR/ABL (18 U3 B 48 B A1 3] Y
AR/ INER R e IR s ) TS AR BT RN BRAF TG 2
TR WAEHES CML Fp A R N 1R
CML FI7E B-ALL 1 sre {53155 1 77 N2 A
[FIf¥)  Hck 7] 7 STAT, ik BCR/ABL X4t =
STAT, B BCR/ABL BLfEi5 S CML 881555 B-
ALL " % —7J7 1 Deininger %5 ° & B src i
+ CGP76030 fig i 2 #E < B-ALL /N A7 TH I (0
Xf CML /NRIGULAEH] PRI sre J 7F BCR/ABL
5T 1 1 I T 47 T S A A £
3.2 EHWMEEZRE C PKC S HWMEE C KiGh
(1) 22 Z I/ T A TR B AE VT 2 M 15 5 7 S s 42
R E EEMMER G BCR/ABL R R R T i IX

f55%: 5 4 BCR/ABL 7 BCR/ABL [HH: 96
B s 40 A b IR A i PKC-B1 PKC-
B2 Fl PKC-v FEPR ) ZRINEFH 2 MR T PKC-8 HE A
FRE 35 B 55 2= A CML Hr gk - " B 4
DNA 4355 H K (1) — 4~ 1 200bp (1 PKC- 3 3 F 1€
BCR/ABL [HYE(Y) K562 i g b2 A st IF B
BCR/ABL FVEM Al a5 Y | BCR/ABL J:H 5
3% 3% PKC-w BCR/ABL 4 S (¢ PKC-v J& 3 F 1)
72T MEKT 3t MEK2 [ 37 M TS {5 i ot
LB 3 34 PI3K 3% P38MAPK [ 15 1 Gustafson
1 X PKC-u R B FEAERI AT R TR SR
AV S IFEIX 94 i1 114bp 22 ] 1) — B X 3%} BCR/
ABL Wyif5 2 2 CHE % M Tryb5E#E8 T BCR/ABL
G H LA E PKC-o IR 5 S 3005
3.3 STAT, {555 FEH STAT ZEE5H — 11
IR SRR T BT RE X T30 2 0 ) ke 2 g
STAT % 55 5 4 RE 1% BC AR 25 5 1Y 40 i IR 7 32 A
N 32 AR P R P S 3R AR K 32 4k
Al MRATA AR IR F 32K x4 K324k
3 3 AT O 11 i R VR L A ] 42 1 R Ak
STAT @l c-src ;=4 L 200 7E 240 i R 7 Fn A K
PR~ B SRR T 38 8 43 & B STAT ST s
STAT & 17 BCR/ABL 45 (1) i 98 A= B v IR
B TR S DR A LR DR AR U % 248 L v 1
Fik TEA AR 2 A K I B RIS kAR R R
PR RIBIE L %500 AR Rk B L [H
STAT; J& CML /2 i 1l 40 s 4% BCR/ABL 375 ()
F-HE STAT 1 J2 4 I 24 R R 22 2 1R Wi R Ak /= 3
TR R SN T 3 AL RY STAT, REASHE 58
&R [ % W Cyclin DI BelxL CIS Al pim-1
Id-1 OSM c-fos Fll c-jun 25 %5 " BCR/ABL )
U TR RS T STATS {7 5@ 2305 bel-2 %
W bel-xL Fil McL-1 *'®  BCR/ABL fili3% bel-2
KGR ST T A, B2/ 95 2 TR U E
pim-1 [ XA L2 RE T BCR/ABL
(%) SH, F1 SH, X[/ & 155 & STAT; Al Fi
pim-1 [ 3458 R A 7E BCR/ABL 45 50 4 A I 7
Hil T OGP VER] 1T H pim-1 & #F BCR/ABL
MRS AL A pim-1 7R AU /-3
HY AL A ]2 I TR 2 -3 1 T84T R0 1 33k 4 i
SRR R AT AR R AT kA AT AN
pim-1 Rk i[RI 8% BCR/ABL 4 3 ) {40 %



- 310 [ B2 2 5 2006 4FE 8 7 15 H 435 29 #4754 1

Int J Genet Aug 15 2006 Vol 29 No.4

SAARN AR A REREE ® Mcl-1 &4
FEMPATHT KK CML 410 %35 McL-
1 JfH BCR/ABL i 4 J# 1% RAS/RAF/MAP i i&
RARHE McL-1 /3235

Bifi 5 A9 AR R B 18 22 Y TE 4l 3R B STAT 2R
FRERE SRC KL S R & SRC S8 i A
Lyn Fl Hek Refifi STAT, Bl 1k Hek RS MY 28 72 fig
FEAIG STAT AR {L ANBH 1 BCR/ABL 4 4%
Ak Gu 25" & FIAE 32D FI FI5. 12 4t SRC
R Ak 1 K SF- 3 % %/ SRC 1Y B R 1k A 4K i T
P185 MMy Zik 4R SRC 7 A 241 BCR/ABL
PP A 20 B rh W R A K S S LRI DL
SRC #1 STAT; []H+7E BCR/ABL 451 (1 IfiLK H
EH

4 HHiE

FRTX T BCR/ABL Fili & & X 15 18 7 40 5
ML P A LA 7 i (] A A B 22 0T R i BF 5
(EF T M POk 200 L AL A T e By 1k 52K 5 1 IfL
TG DT AT ARG 8367 7 ik 1 PR
LI PR A Ao AL i 715 AT 130 2o A A i ) T 2 R
AR R 0 R R B i /E T BCR/ABL
TR SRR T X R A 5 13
I ] e e — BT A R i A

2 % x #

1 Vlahovic G Crawford J. Activation of tyrosine kinases in cancer. On-
cologist 2003 8 531 -538.

2 Cardama AQ Kantarjian H Talpaz M et al. Imatinib mesylate ther-
apy may overcome the poor prognostic significance of deletions of de-
rivative chromosome 9 in patients with chronic myelogenous leukemia.
Blood 2005 105 2281 -2286.

3 Hawkins LM Jayanthan AA  Narendran A et al. Effects of 17-Al-

17-AAG

with Respect to Ber-Abl Status and

lylamino-17-Demethoxygeldanamycin on Pediatric Acute
Lymphoblastic Leukemia ALL
Imatinib Mesylate Sensitivity. Pediatr Res 2005 57 430 -437.

4 Storlazzi CT Anelli L Surace C et al. Molecular cytogenetic char-
acterization of a complex rearrengement involving chromosomes 9 and
22 in a case of Ph-negative chronic myeloid leukemia. Cancer Genet
Cytogenet 2002 136 141 —145.

5 Deininger M. Src Kinases in ph + lymphoblastic leucemia. Nat Gen-
et 2004 36 440 -441.

6 Qin YZ Liu YR LiJL et al. Two ph chromosome positive chronic
myelogenous leukemia patients with rare ber/abl fusion gene. Chin J
Hematol 2004 25 409 -412.

R XS Za 5. P Ph e GRS ok 40
AL 8 % B AT /0 WL BCR/ABL Bibfy 3E 1R vh 4 1 W 2% 2 35

10

11

12

13

14

15

16

17

18

19

20

2004 25 409 -412.
Tsao AS Kantarijian H Talpaz M et al. STI =571 in chronic my-
elogenous leukemia. Br J Haematol 2002 119 15 -24.
Song JM Xu D Fan EJ et al. Cyclin D2 expression in chronic my-
elogenous leukemia. Chin J Hematol 2004 25 103 —105.
RBH BRI TERESE. AR VL A0 I eyelinD2 2 A9 3%
ISBFSE. PRI 24 2004 25 103 - 105.
Anastasiadou E  Schwaller J. Role of constitutively activated protein
tyrosine kinases in malignant myeloproliferative disorders an update.
Curr Opin Hematol 2003 10 40 -48.
Hu YG Liu YH Pelletier S et al. Requirement of Src kinases
Lyn Hck and Fgr for BCR-ABLI -induced B-lymphoblastic leukemi-
a but not chronic myeloid leukemia. Nat Genet 2004 36 453 —
461.
Gustafson WC Ray S Jamieson L et al. Ber-Abl regulates protein
kinase C iota PKC iota transcription via an Elklsite in the PKC i-
ota promoter. J Biol Chem 2004 279 9400 —9408.
Sternberg DW  Gilliland DG. The role of signal transducer and acti-
vator of transcription factors in leukemogenesis. J Clin Oncol 2004
22 361 -371.
Buettner R Mora LB Jove R. Activated STAT signaling in human
tumors provides novel molecular targets for therapeutic intervention.
Clin Cancer Res 2002 8 945 -954.
Aichberger K] Mayerhofer M Krauth MT et al. Identification of
mel — 1 as a BCR/ABL-dependent target in chronic myeloid leuke-
mia CML  evidence for cooperative antileukemic effects of ima-
tinib and mecl-1 antisense oligonucleotides. Blood 2005 105 3303
-3311.
Kurzrock R Kantarjian HM  Druker B] et al. Philadelphia chro-
mosome-positive leukemias from basic mechanisms to molecular
therapeutics. Ann Intern Med 2003 138 819 -830.
Dharmawardana PG Peruzzi B Giubellino A et al. Molecular tar-
geting of growth factor receptor-bound 2 Grb2 as an anti-cancer
strategy. Lippincott Anticancer Drugs 2006 17 13 -20.
de Groot RP Raaijmakers JA Lammers JW et al. stat5-dependent
cyclinD1 and Bel-xLexpression in ber-abl-transformed cells. Mol
Cell Biol Res Commun 2000 3 299 -305.
Nieborowska-Skorska M Hoser G Kossev P et al. Complementary
functions of the antiapoptotic protein Al and serine/threonine kinase
pim-1 in the BCR/ABL-mediated leukemogenesis. Blood 2002
99 4531 -4539.
Gu JJ Santiago L Mitchell BS. Synergy between imatinib and my-
cophenolic acid in inducing apoptosis in cell lines expressing BerA-
bl. Blood 2005 105 3270 -3277.
Aichberger KJ  Mayerhofer M Krauth MT et al. Low-level expres-
sion of proapoptotic Bcl-2-interacting mediator in leukenic cells in
patients with chronic myeloid leukemia role of BCR/ABL character-
ization of underlying signaling pathways and reexpression by novel
pharmacologic compounds. Cancer Res 2005 65 9436 —9444.
Wk H Y 2005-11-03
ARG e





