o gl 32t 37

D Al4271 A 2 51992

ol glejA 7] o}E ber-abl mRNA
¢} Polymerase Chain Reaction& ©]-&3F

oA A5 YR 39

Agcet e shead Yo Foyeta

x|zt . 0|Z - UEE - UFHY
%t F - &

2
2 # &

A =

a4 44 e el A
Fol F471Z Aeslo] By BY LYol = 73
2 SARHel Aakake GA 4 GedEokelcha, olH
20l 2y E44 gﬂw Azg ARz 2

rukd

| o}jr_ .le] x} FAR

9 of A} 22‘ﬂ G Alo]o °3.7.‘iw4(rec1procal
translocation) 7} Yol A& Phﬂadelphna (Phl) o3 A
At 3, ubyd F4A gL 95%
shtA W de o] 4olg-2 5%, Aed 15~20%
gz FA4 F44 B Lo ehdess, FA4
7]l &= Phl 4| o] eloll = AHZ - A o] ALA
So| AL T x| qk o]]q £7AE0] 47 dF
AR 2 AEE 7o & ol F3HET),

o FAA 2 c-ablfAAL7} 229 Ao A3}
M-ber $82be] FEAR o] F3lm2A] 5% ber
fAdxte] AdRE a2in 3EL cablfAe Yy
T4 5 “ber-abl §%-8-A 2} (fusion gene) "7} Phl 934

o]/\l- J—/H 01

# %914 8H 14H
*M 20 1980 E LEEFE
u| 2 o] Fof HE,

ol F4 AU A7

Ao A= F=A EAolu] o] 2 HE 8.5 kilobase
712 mRNA~7} Ax}(transcription) 5l 3. HF AMER
tyrosine kinase 848 7+ 210 kilodalton=719] gt
W A o] A A e},

Schaefer-Regos-o] =t T4 Wadde] glolA]
M-ber #3212 A 3 introniell ¢ 23 Hind A%
B ( 49 “central H)E 422 3Zo] Auwjde]
ZAske Aol F4719 FAAH] EHolztn UF
ole)®, Aol A]7]9} M-ber A Ake] Al F-917kell
AZA o] glrhe oy B aFe] glo FA7I 2 G
S A3 4 Y ARy FHA AB2AMY 5AE
7]“”?'5}7*151“‘4“’““’ o ol B3 Ak ofAEE
2 ) 9k-& 218 Southern blot#4 44 o] M-ber ## 2}
I "éﬂ‘& A 12 9] (breakpoint) & #<el&l7|2e} A
ol o HAH AT (restricted zone) HE
AA s S sFR . gle] fARH 02 gk st
Holsl $AHE 5 AHE-917} ber exon 39 Uw] 24 F
“central Hind III”Ate]o &3t ZAS-Eo] neixz|
otgk7) wjFolztn A7, uhA F44 WEHAZ
ol 4] AAElE mRNAE M-ber F42ke] Arhe) =)}
FasiA splice 1% 1159 shielsd, Ao =& 7+
Al o7} intron 2 =& intron 3Wol EAjsnz A
chH.9f 7P intron 201 ¢)2® ber exon 29} c-abl #A A}
9] exon 27} 975 mRNA (splice II )7} A==,

— 199 —



—The Korean Journal of Internal Medicine : Vol. 42, No. 2, 1992—

grho] odojdt 7%

intron 3ol % “alternative splic-
ing”o| wAlElz] ¢k=3% ber exon 3%} c-abl 4 2}
exon 37} 91735l mRNA ( splice I )7} A4 "} (Fig.
1) 9.14715,26).

ole1dlt 2= o7} ¢DNA3 A% polymerase
chain reaction #% (cDNA-PCR) .2 A &5}#] 74

2 oot AAEe vk F4A HEy e 4o (R
#£A) 9} ber-abl mRNAQ] E5/ Alojol] eiabde] gl
S vlastgleh, 23 45 e ol F5el4
2] 880l ber-abl MRNAS T sl uhdl T44 Hd
o AZop AEseA] oot F4 WEye] At
M-ber 329} c-abl A=} Abojol] Auigde] glx]

£ R3] FohA <lolgle AAE e,

cHet 3 2y
Lo 4

19874 119 %-¥ 19903 99 7kx] A =i ddol <43}

2.4 4

1) AlBel zi%

Al = AL 72050 A dxgalo

<2 4¥ “Ficoll-Hypaque gradient¥} "8 o] 43}
o tlal Al Z (mononuclear cell) & £2]3}o] Ao A
£33 AY, & 23 WE2 H (programmed cryo-
preservation) st A b7t 83 A F< 3 5(tha-
wing) A 7 ARESFAEHT,

2) Oligonucleotide Primer % Probe2] 4

42 primerE# M-ber exon 2(%=+% exon 3)9
c-abl exon 29 §HFHE 236l 279 A2 &
oligoprobe® Gene Assembler (Pharmacia, Sweden)
2 439}, primer A, B, probe 13} 29 o3 7]ujd
& Kawasaki 5°] AF23F A7} TY3lgiond, nested
PCR< #1¢ primer A’#} B9} 9§7]uj -2 o]n] adejAl
cDNA <7]vid 28§ Ed2 AxEo] AAsIY
chie) ber-abl mRNA9 & 4b-gol ber exon 37}

.

=,

o] uld T4 W oz Ak 489 shxiegl Fo) 23" A& 200bpE z8la ber exon 37F E#E ]
WHog FF FolAlS uhe 74, 22lu QlEHAE I ber exon 221k =0+ AL 125bpE A2 75
Aeg 22 glod Yastdon sl el gt F  bpar]e xolsb b A2l seich(Fig. 2).
ZE5F PhldAA7) 402 AdE 798 ey 3) ¢cDNAZ2| £t43 Nested PCR (Nested cDNA-
et A dzFoie g4 Jabr4d Hdd 199 PCR)
I FA F44 Wy 148 A Adel o4 dlzae FA7] 4 T4 HEy &
el el K562 AlZ3& AL2-31G o™ cDNAEA L Ferre
5o whdol we} AP, FEEhE 2x1049
Bg Ba Hind 111 Bg Ba
" _LL j o | | | .
chr. b2 b3 b4 M-
L T l L oer
21 72 73 74 5
|- , , y —— |
5' breakpoint 3" breakpoint
chr.9 N —————— b
) A
ber-abl
TRNA T N S R N A AR
b2 b3 a2 a3 b2 aza3
splice | splice 11

Fig. 1. A scheme of the genomic structure of M-b¢cr and c-abl and their hybrid
mRNAs, Each block filled with black color represents the exon that will be
present in the processed mRNA. The “Z” represents each zone defined by

various restriction enzymes.
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200 bp

Splics 1 §' ’

A

[ e P1 1
| ber2 [ber3] abl2 [abl3] 3
g >

B
129 bp
- P2

Splice 11§ L

A

| ber2 [ abl2 Jabl3] |3

B

primer A' 6'-GAAGCTGCAGATACTOACCAAC-3
B' &§'-TCAGACCCTGAGGCTCAAAGTC-3'
A &-CCTGATCTCCTCTGACTATGAG-3
8 &-TCCAGCGAGAAGQATTTTCCTTG-3
probe 1 &-GCTGAAGGGCTTTTGAACTCTGCTTA-3
2 &-GCTGAAGGGCTTCTTCCT TATTGATG-3

Fig. 2. Structure of CML mRNA and location of diagnostic oligonu-

cleotides.

Feld A ZES 100 #o] DEPCA e FH/ol
F A B FRAA 582 AR 4 A5
Wzl 7] obg- 3025-<F YAl She] A
2H2 A5t ek cDNAS 45 8 =& Alds2 0
C Adz Fujstgeom 11ul9 RNA AEoof 2ul9)
10X PCR%°} {100 mM Tris-HCI (pH 8.3), 500 mM
KCl, 15mM MgCl, 0.1% W/V gelatin, 0.1%
Tween 20, 0.1% NP40]= 247 1mM#A <} dATP,
TTP, dGTP, dCTP = 2] = 20 pmol B primer,
RNasin 20 <81, 10mM DTT, 20 2+$9] reverse
transcriptase (AMV 38, Boehringer-Mannheim) &
dol & 20ulE et ol 5 42°Cell A 1412 F<t
SA7Ia dadol ol efe]ate] whg-g Ax A%,
of 7]ol 2 =k2l9] Taq polymerase®t 80ul9) 1XPCR
48, 30 pmol B primer, 50 pmol A primer 181 1
mM# ¢ dATP, TTP, dGTP, dCTPE &%3lojon
100 ul®] mineral oil2 4% H-E shE3dct, ¢]& 95°C 1
¥, 55°CollA] 3027t WA A1E] ohg A2 WA
(Hybaid, England)oll A 72°C 18, 94°C 30, 55°C 30
22 3057 & A7l 72°Cell A 17 22
75°Coll A =& A=A F vk,
nested PCRE 13l 13 325 ubg-olo] 5 ul% # 3t
o]l 9519 1XPCR &3 50 pmol A’ primer, 50
pmol B’ primer, I1mM # ¢] dATP, TTP, dGTP,
dCTPs} &8 o5 oA AFH ez 100 9 min-
eral oil& ¥ 94°C 13, 55°C 3027k WA A|AA 2%k
2lel Taq polymerases £33l ¥ §d3 2xz70

2 303718 $84 $EE A dslsich,

4) PCRYHE2 sl 9 HH

60%] nested PCRZZ3 48 10uls 123bp 27| %
2] (BRL) 2} &7 2% agarose minigeloll A A 7] f 53}
% (10mA, 150volt, 30¥) ethidium bromide -84
(0.5ug/ml) 2.2 2047 dAste] =Foal F247] $lof
4] 125bp &+ 200bpa7] o] FW = 5 Balsln Zs
2oz huilet 2 ol slch,
ol A viephd AAFo| #ed Hsle FAA |
#3137l Hsted 719953 agarose gel M
NaOHZ 2087+ A5t 5XSSCE 147k AlHsto
Hybond-N* membrane (Amersham, England)o.E

[e]

o 4

+
0.

o

a

2

=

Southern transferdtivh, °]o{A membraneg y-*2P
-dATP2} T, polynucleotide kinaseZ 5-end label-
ing A] 71 oligoprobe &} 30% formamide 7} £ % &
hybridizationg&ool 4 124] 7} HR8-A17] &, 42°CellA]
2x8S8C/0.1% SDSEFE&Ae 2 1584 23] 22w
50°Coll A 0.5%XSSC/0.1% SDS E3r&4 o2 1584 2
3 A A g 3 Xrayd E (Hyperfilm-MP, Amer-
sham)oll 208-7} =24 % t}1%20,

< =
1. Nested cDNA-PCR2| of|pl =2} Bo|5

10804 i8] d A7 K56241 28 2x 10972 AHAH
A 253 Eitslod K56241£7) HA A EZFEE
A& 73} splice 192 9Jv] 8k 200 bpe] 27)9] ¥
Fer} 2x102 FE2A] f2hd 22 F3E 9o} (Fig.
3.

— 201 —



— e g et 8] A =]

cDNA-PCR #+}9] Eols & A3} 7] H3le] ghA
44 Wy AEF 125bp 2719 P E Ha)
74521 200bp 2719 P =g ¥l A8 F AGF
3te] Southern blot¥4-& A 33 74 1} splice 17 o)l
7tz 354 Aol vebdke(Fig. 4), #HebA 125
9} 200bpz 7} 2] TEALE ] Hx AYslsind d7)ud
olg 29ld 4 9Tt
2. st 5N Wi ExbEol UM Holol o
Splice I % 12| FHYIE

4899 9] A F4A ey HAEE Ao R nest-
ed cDNA-PCR A A& A A& 72 3 splice | =+
splice II7} Z+7} gh=-0 2 Jepd 73 29} splice [} 117}

Fig. 3. Sensitivity of nested cDNA-PCR. K562 cells,
serially diluted by 10 fold manner, were mixed
with 2x10° normal mononuclear cells. After
synthesis of cDNA and subsequent nested PCR,
discrete flurescent bands of expected size (200
bp) could be seen in the lanes which correspond
to 2x10? or more K562 cells.

D H429 A 23 B AI3T8E 1992—

g Jehd (o] 5} splice 1&ID 3714 F3 o2 v 4
213k (Fig. 5),

FA47] #AEF splice 19 FHHE+E 62.5%(10),
splice 11+ 25% (4) z12]5 splice 1&I1+ 12.5%(2) &
4] splice 12| #& 0l 7} splice et} of 28 =7
ebstet, 22 ksl AS-% splice 1€ 56.3%
(18), splice I+ 34.4%(11) =22l splice &I+
9.3%(3) & splice 9] £¥ulx 24| splice Il »]3)
A velste oz W) w splice | =& 112 33
vz o] A zlo]& ¢lgith(p>0.01) (Table 1),

.UEHERY £ BF020|F ber-abl
mRNAS| S8 &

a- EE - B H S 670 oA Folitu & olaty
HahAefoll & IAES PhidAdAs $402 Hd
o ol cl@l 4 ol ber-abl mRNA

&
2] o - %— &9 §} A% e ¥4z,

A A 9 st o s4olgiond, o4
£ 0 AL SRS AL 29 A
2 vjehgteh(Table 3), ol %A Aud }~°ﬂ oIH

A
HE ARE ASde] 249 25 4A0Y ool dAH
#3l 7} F==glch, 221} ber-abl mRNAY 4282
A 192 ol F HslAeizl Al {1 e
2|42 o 2 bcr-abl mRNAZF A9 142 A 47
Aol Abslo] Alnpaigdct,

Fig. 4. UV picture(A) and autoradiographs (B&C) of the ethidium
bromide stained gel after hybridization of amplified PCR with
the splice I-(C) and the splice 11-(B) oligonucletotide probe. The
splice II-probe detected a fragment of 125 bp, the splice I-probe
fragments of 200 bp. “123 bp ladder marker” was used to
estimate the relative size of PCR product.
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—A 3 9 99 I gtA T4 A A o] 9lo] A ¥ 7)o wh& ber-abl mRN
polymerase chain reactiong o] &% v| A aLF Wy o v

2glz 1499 FA FFA NEy #AEFT 2%
(14.3%) ©| splice T =+ II =9 ber-abl mRNAE
FH3cH(Table 4). YA=Hozx o4 Ao ¥al
FA dobrA ey S 1995 69 (31.6%) 0] 2 5E A 7I7ke] 3AHY oW EE B
S Wdyor F4 A#E 8ol $aE ulasted]
o F 7} ol ¢ kel

O,

4. doly @4 ey #xHE2| ber-abl mRNA
34

Table 1. Results Obtained from Nested PCR Analysis of
ber—abl ¢cDNA in Patients with Chronic Phase
and Blast Crisis of Chronic Myelogenous Leuk-

emia
Number of Splice Splice Splice
Fig. 5. A UV photograph of the ethidium bromide patients 1] I &
stained agarose minigel after electrophoresis .
. . Chi h.
of a 10 ul aliquot of the nested PCR mixture. romc-p ase 32 1 18 3
Blast crisis 16 4 10 2

Two kinds of bands as expected in figure 1
were identified, but both bands were seen in

48 15 28 5
one lane.
Table 2. Clinical and Molecular Details of interferon — Treated CML Patients
Age/Sex Pre — IF N state Kind of IFN Result of cDNA — PCR
1 Choi 24/M cp alpha ND
2  Chang 25/F (ol gamma ND
3 KimY., 20/M BC gamma 1
4 Kang 31/F CcpP alpha 1
5 Chung 34/F CcpP alpha — gamma I
6 Kim H. 43/M cpP alpha 1 &Il
7 Eum 60/F CP alpha ]

* CP (chronic phase), BC (blast crisis), ND (not detected), | (splice 1), 1l (splice Il)
** All of the above patients are in both hematologic and cytogenetic remission.

Table 3. Clinical and Molecular Characteristics of CML Patients Transplanted with HLA — Matched Sibling Donor

Marrow

Case Age/Sex Pre — BMT state &“Js'sr"v‘afi‘g:a;ee:i?;‘)’ Result of cDNA ~ PCR
1 Kim}J. 33/M cp R (16M) I

2 Park 40/F cp DF (34M) ND

3 Paik 31/M AC DF (20M) ND

4 Seo 33/M cp R (18M) 1

5 Oh 38/F AC DF (35M) ND

6 Lee 33/M cp DF (38M) ND

7 KimE. 20/F AC DF (55M) ND

* R (relapse), DF (disease free), CP (chronic phase), AC (accelerated phase), M (months)
** Two relapsed patients (case 1 & 4) became clinical remission with alpha interferon therapy.

— 203 —



—The Korean Journal of Internal Medicine : Vol. 42, No. 2, 1992—

Table 4. Summary of the Results Obtained from cDNA—
PCR Analysis of bcr — abl mRNA in Patients

with Acute Leukemia

Number of R .
paticnts Splice I Splice 1l Total
ALL 19 4 2 6 (31.6%)
AML 14 - 2 2 (14.3%)
4 4 8
I ot
2240 34 Aol 9% M-ber R8sk 94 o A

c-abl f-3242ke) A A2 FAd ber-abl §¥ A
t e A eyl A fAA TR,
Phl 4484 (22q7) 7F $49< wH4 44 ¥ A
o] 40~100%0°l A Z73 Hef 2,

Agas A4 P Southern blot HAHS %3
M-ber A =ke] ued-g #elstm 24 ber-abl ¢

2 & 3}1 M~bcr wr’dXH 2 uij 3 F=
FA Al od Al A

25 al 8

< A5t 7 el = ml F3hehee,
M-ber F32be] el 97} wbA T4 Hadn o
¥ 7] o ol Fet geie] glrha dediomtd A =EL A
3 = A

T4 WE o) ab4 | 28 G472 A YS
ber-abl transcriptell ber exon 32 £3F o]} 2
o] QEAE #Hld EHoz 603 nested cDNA-
PCRE Aldstgic}, A abgol A& HALY olulzt&
2X 102 45(0.01%) 22 303] cDNA-PCR & 544
47t AR PR AR A el Tk e,
FA47] A5l glo] A splice 19 %3-go| splice
Mol u)#] 2ujolAbez A Jehd Az o]Fo]
splice Lol F4710) 2/ Aol™ vtAl7] &A-E2] 7
Lol &= £ 3] splice [17} Zoglgtx d&5 ot ut
A7) qA] FA719 FAdY ARE 2o T el
M-ber f2 ko] AHejd -9 of 7] Afo]of Aol of
# FAA AZE W 5 Yk, 2t
Morgan 59 23} vpatrbal 2 splice o] §47]4
ol FAx Fz2 EAelztn /AT 24 splice 14
FEshE ub4d 7| BatEol ghAv|e] FubrAl S48

z7] wEol splice 19+ B&3E nha 7] FA4Sol
Hlal] 2 ol Z s} ek 7;\!3_ 2 2= ueia F§E
abAd 7] BAES ol 4e 2 splice 19 EHo{Fol ufe}
A2 Aol 7} A& MM 224 “molecular
staging” 9] 7 do] =9l& 4 9g Holr},

5% 3ol splice I3} 117k FAlol et A
7F 5% (7.4%) 210t o|21dt WA A4, splice 113k
7R glE dale] 9 Fa4 "y AEF(leu-
kemic cell clone)oll 4] splice 1 $ $dstE Hag F
A7l AlZFol FHslezy TR A2} FEIHA
uf, B4 vl ey Al 29| ber-abl §34 217} ber exon 39
c-abl exon 22 TA =0} 9lo] splice Iwte] T&HE
olt}7t “alternative splicing”ell 213} splice 117} &4
o Ll 7[- o2 Advlo] 7}53)c}isey,

AAgel A P iaE g A 44 Hd A
BN U 2y PPl s AL 5
ol 7lgH o g X2 YF Basldd HEY AZFE
o] FHggo| Wskr] wWdol boiling®y 24

oz
RNA¢gke] U-F Hol AL duler) 7tad o2 4
7+gi e,

AEHE ABE ¥ v FREFT AAH o2 )
Arejel 9ol Phlei M7t A Y 73 5504 ok4
A7} ehd Ao g u]Fe] Lee 50| A|A|3F 7 oo}
zro] u)A|zk-# 4] ¥ (minimal residual leukemia) o]
EZA3 e des F F U, 2B 24 AHRE
8ol 2ole Hz v A} QoA vt # S
@25k M-ber f-312be] Al F-917} A3 = ol o
A woliu} 9l= AHulb olztl AHol% nested cDNA-
PCR 734}] olvlx olstell gl vl W@ olA
22 oA WA ZEo] AA el Aoz
225 ch2sy ueba Al wake] Ha gle U4 B
A gy el ol HE Fol7| 7k 2t Faeld
Q718 AR A2 AIA F 4 YT Aoz sdd

&

5% B40)AL wa adol A Aol 377} glo] A
33 9t #A5e »5 ber-abl mRNA HAE &
vebgont, def o AlzfAdAes Ay
ok A2 ¥gich ber-abl transcripte &%
3 A Adbo] glole 67149 WA 1A E7A
vebd 4 glow ol# 3 Ane o)A Fo A& gl
d gAnfol QabtAE 7|7 dAste Aes 24

b

ol ox N

> o lo
rir

o,
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o} Phl 47} S4 02 A3k 798 Ao 2 8lod
2tz i Z4 tial A Lol ber-abl mRNAS] ber
exon 37} X &slo] gl of & 603 2 nested
cDNA-PCR wpg o2 #A3lo] opga 2L AAE o

S Agate] g4 WY (s

Act, =3 FAT B
4 19%, 54 1499 Afelx M-ber f-4 2ot

c-abl F-A 2} Alololl Hufedo] =2 & FH RS,

1) K562 A/ £% o]§3 nested cDNA-PCR #A}9]
dlulx & 2x10%70(0.01%) 132, *2P7} 43 oligo-
probeZ Southern blot £4-& A|&ig A3 Holx o
Al o9 ot

2) atd F4 ¥y SxEol4q #7dd ber-abl
mRNA2} 3-8 splice I, 11 222 splice I &I1
37kl olgict, F47] BabEol lo]A splice 19 £4
W=7} 62.5%(107), splice I+ 25%(4%), splice
1 &I+ 12.5%(2%) 0]l 2= gty 7]e] FAE9 A
splice I°] 56.3%(18%), splice I+ 34.4%(11
2| splice 1 & 11+ 9.3%(3%) 2 splice 19
el F, ahdr] 2% wghen] Yool vl FA
] Aol & $1leH(p>0.01),

3) E#E 285 n diahy Al Aelo] glo
] PhidAia) 7} A% 79% 5% -2 A% 4 splice 1

2L e o

=]

(3%), splice I1(19) =+ splice 1&II(1%) Fefe]
FA Az Helm glovt 27 & Ao B vebyleh
FE Bl AL wa adel4 At S e 5
HE BE F4og vebygtont ol ol A2l
kg el 292 4 AFHE 2o, o] 2F al
B E 8o o8 a7t 5 s/9lon] nested
cDNA-PCRA#A7} f4 o2 A4a 192 ASsiA 3

sfae e gEsta gk
4) Aoy F4 Wy e Aol

sl oll %7} w9 EaFstaich

7A&" o2 A, nested cDNA-PCRE uH4 F4-4
Wyl HEE A F9T 4 ool AT A
Z+Zo0]l 3tolwd Phld M a7 A} chAlell A3 abgh A
2% Axdoln, B4 AAEe] AP FAEY
ber-abl transcript 2 #7F Al HE GEhAE
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Chronic myelogenous leukemia (CML) can be char-
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acterized by a new “bcr-abl fusion gene” from which
ber-abl mRNA and protein are generated. It is suggested
that this unique protein (P210) is involved in the path-
ogenesis of CML. We designed this study to investigate
whether the presence (splice I) or absence (splice I1) of
ber-abl exon 3 in ber-abl mRNA is related with the
disease status of CML (chronic phase vs blast crisis).
The bcr-abl mRNA in mononuclear cells from 48
Philadelphia chromosome positive CML patients were
analyzed by the nested PCR (60 rounds). The sensitivity
of the test was 2x10% (0.01%). Among the 16 samples
obtained in blast crisis, 10 patients had the splice ], 4 had
the splice II, 2 had both the splice I and splice II.

Among the 32 samples obtained in chronic phase, 18
contained the splice 1, 11 contained the splice II, 3
contained both the splice I and splice II.

Minimal residual leukemia was evaluated in CML
patients after successful allogeneic BMT and IFN ther-
apy; In 5 patients who were in disease-free state for
more than 2 years after BMT, the ber-abl mRNAs were
not detected. Two relapsed cases after BMT expressed
ber-abl mRNA, but they entered into clinical remission
by IFN therapy. Of the 7 patients achieved clinical and
cytogenetic remission by continued treatment with IFN,
5 expressed ber-abl mRNAs,

Interestingly, ber-abl mRNAs were found in 6 of 19
ALL patients and 2 of 14 AML patients. All of the
positive cases had poor prognosis. These findings sug-
gest that there is no predication of the specific splice in
each phase of CML and that IFN cannot totally eradi-
cate leukemic stem cells. Therefore BMT is the only
way to cure CML. Additionally, the presence of bcr-abl
mRNA could be a bad prognostic factor in acute leuke-
mia.
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