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Correlation of Localization of Breakpoints in BCR Gene and Clinical
Course in Patients with Chronic Myelogenous Leukemia
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Recent advances in molecular biology have made the confirmation of rearrange-
ment of the BCR (breakpoint cluster region) gene on chromosome 22 necessary for
the diagnosis of chronic myelogenous leukemia (CML). This rearrangement is
caused by chromosomal translocation of the Philadelphia chromosome, t (9 ; 22)
(g34 ; q21), and by the formation of a hybrid gene of an ABL oncogene on chromo-
some 9 and a BCR gene on chromosome 22.

In addition, some reports have demonstrated a positive correlation between the
localization of the breakpoints in the BCR gene and the duration of the chronic phase
in CML patients.

In this study, we investigated the correlation between the localization of the
breakpoint and the duration of chronic phase in six CML patients diagnosed in our
hospital. In three of the six patients, who have been in the chronic phase over 22
months observation, the breakpoints in the BCR gene are localized in the 5’ region of
the BCR. Although our experience is very much limited due to the small number of
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patients, these results have confirmed previous findings which showed that the

patients with localization of the BCR gene in the 5’ region had a chronic phase of

longer duration than other patients with 3’ BCR breakpoints. In our future studies,

we intend to carry out molecular analyses of BCR gene rearrangements to help us

determine the CML patient’s prognosis, and we believe it may be useful for choosing

the most adequate treatment for this disorder.

Igakkaishi 17(3) : 237—244, 1991

Key Words @ CML ® BCR

& L &

A, BHEHMEEIAE (chronic mye-
logenous leukemia : CML) T3, Philadelphia
(PhY) Fafk LRI %, K96 DY OIREREE
t(9;21) (q34;q2l) &b, IBLAEHE LD
FEEIET ABL 28, 22%#4kD BCR (break-
point cluster region) fEIICEEEIL, BCR-
ABLOBE#EE MK & 5 Z £ 1 & o T hybrid
DNANTE, TN L->TEELIZER S F v
vk F—XEEE Lo EH | P-21005EIR S
NBZEBHONTETNS U X5 T, Eith
R DBz BT, ZOEH 12 CML O
L, FAIROBEL > T35,

L L, &fficiz> T BCREEZEFOUIN &SIZ
=205 (major BCR : M-BCR & minor-
BCR-1 3 X Uf minor-BCR-2) IXEHF L TWw3
ZEDPHSNZR>TEN.Y 3512, M-BCR
fEIR X, 131 5.8 kilobases (kb) DEX %2 b 5,
ZOHE WL OO fragment IEIT B &, Y
Wi S DOALE T % fragment ORI L >T, H5
REOBKEE L OEE»E SN D L v o Tk
EHWOOENTETNRS O

SE, PEEITIZD S 0URITRERL 72 64l
® CML iz8\T, BCR BB OBRERRLY,
M-BCR N OYIMT S O E 3 % fragment % f#
ML, ERPRREE & G 2 3 A /e D TIRE S
5.

(Accepted on October 19, 1991) Kawasaki

® Molecular diagnosis

¥R HFE

1) £ #

FERZ, BERI624E X b R 2 F DR 4R
Z2Z L1 CML 0> b, Ffafifid, BCR Hig
BOBER L, BELKALBZETO 6B L
7o BEE3IBI, ZHEIFIT, FhmIk34E0 564
B (PR{E49R%) ThoJz. Table 112, Zh
Z N OEFI DY DI FHIERIKFT R % % &
HTRT. FEH 1 ZBRCT, WTFhOER S, ¥
20513188 (chronic phase : CP) TEEDE
me, 140 (EF2) 2w, B ORED
M/IMRIES 2388, FERI 2 LIS Tid, FFHEHEER
WHyRO oI, 7z, FHTR, FLwE
BEEFED.

2) BCR BB OEHT

BCR FHERROFNTIX, FEFIOEREERIK X
DES N EEME, S, B5T DNA 2
L, ¥V W TfTo 7. B% T DNA oY)
Wiz ix, HIFREESE BamH I (B) ¥ & Of Bglll
(Bg) #fv», BCR 3 probe & L T % human
ber-probe 1V % w7z, Y1l DNA 2 EXKUKE)
B, FAary 7oy —REEL, ©4F U
Banlkro-—TenNA TV 4 -y arE
1To7z. %88, CML K& T 580 & 2 RAT
R, REAERENTBD SN bSO,
BCR 3’ probe TOHH ETIE, BENVF
B S d - IHEFlicOwTiE, BCR 5
probe & L T human becr-probe 2! %ZFwT,
BENATVSA ¥ —var2iTole.




lnE s : CML iz 381 3 BCR F#ERIHL & AR B3 2 1RE 239

3) BCRE&ETF OYIMTERAL & fragment O
#r

M-BCR &=TFHNOYIRT S DT &, ERKEE
BrDOREOBEREE A S92, Shtalrid 5,%
Morris 5 O#EREIZHE> T, M-BCR 2 &fEH]
FREESE DFRIRINL THrE L 7z (fragment D F 0
~4). FhZEFho fragment & M-BCR DOHIR
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Ny EPREINRTRER SRV, F4 ko,
Bg JLEIC Tix, BE/ SV FBBRHIRWL. X
> T, F2 tYIWi S FET 2 2 efiES NS
(Fig. 1).
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L < i3 M-BCR AL TOYIBoSHE Z > Tz
k3B ETHS. —F, 5 probe TOY Y

®ETIE, BBXUBgUEOWTNTHREE >
FasgHa N, FO b L <13 F1 WCYIW S0 FAE
T2IEMNRBEINT. LoT, KEIOYIHSR
X FOICEET 3 LEs 7z (Fig. 2).

koI, #EELTW L, EHI3, 48
ruvts5 ik, #hznFo, F4 2 L TF128, 4]
W DFES AL E 8D .

FEH 6 TiZ, 3’ probe =iz B ALE DG S,
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LB D0, ¥ 3 E 4 ABUTERKR BC
2EL, BEO,WE BRI L. £z,
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Table 1. Clinical findings at diagnosis
WBC Hb Plat. Blast Eosino. Baso. LDH Vit. B12

Case| Age/Sex | qgor,n) | (g/d) | (x107uD | @) | %) | %) | au/m | (pg/m
1 53/M 66.6 10.6 658 2.5 4.0 12.0 516 NE

2 67/F 132.0 10.8 233 (+) 1.0 2.5 576 6,616
3 40/M 124.8 10.5 848 1.0 5.0 7.0 753 7,131
4 57/F 23.0 12.0 1,551 0 4.5 7.0 120 3,386
5 34/M 20.6 14.1 320 0 2.5 5.0 271 4,759
6 38/F 70.2 9.5 490 1.5 4.0 4.5 244 45,474

NE ; not examined, NC ; not counted, MCL ; midcostal line, BM ; bone marrow

NCC ; nucleated cell counts
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Fig. 1.

Southern blotting analyses of Case 1

G : germ line,R : rearrangement band

At the left portion of figure, the results of Southern blotting indicated the presence of a 6.0
kilobases (kb) rearrangement (R) band and a 5.0 kb germ line (G) band on the left lane

in which DNAs were digested by restriction endonuclease, Bg1 II.

On the right lane

digested by BamH I, a 6.0 kb R band and a 3.3 kb G band were observed. At the right
portion, the restriction sites of BCR gene, location of fragments 0 to 4, and the probe used
are shown. The fragment, on which the breakpoint of this case appear to be localized, is

showed by black box.
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LAP score BM NCC Splenomegaly
(Control) (X103/ul) BM M/E (Under MCL) Chromosome
132 (259) NC 21.4/1.0 13cm 47, XX, +22q—, 99—, 17q+, 22q—
103 (263) NC 11.9/1.0 (=) 46, XX, t(9q+ ; 22q—)
33 (247) 237 25.2/1.0 14 cm 46, XY, t(6:9:22) (pl2:q34;q2l)
182 (261) 148 14.1/1.0 (=) 46, XX, t(9q+ : 22q—)
130 (266) 1,074 19.6/1.0 (=) 46, XY, t(9q+ : 229—)
91 (250) NC 11.0/1.0 16 cm 46, XX, t(9g+ ; 229—)
_ T =T = — I
B 5 s IE T iR .
kb @© @ kb T =
BCR b T aee
Fragment 0 1 2 3 4
1 1 1 | ] R =
6.3(G)—>
Probe 1 V2222222
5.0(kb)— Bgl Il . 5.0kb(G) |
“3.3@g, 3.3kb(G) $3Q=
B'eapkomt L]

Probe 1

Fig. 2.

G : germ line, R : rearrangement band

Southern blotting analyses of Case 2

0.7(G)—=

Probe 2

Results of Southern blotting analyses are shown at the left portion of this figure. At the
middle, an experimental scheme for analysis of BCR fragments is shown. Results by probe
2 are shown at the right portion of this figure.
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Table 2. Results of Southern blotting and presumed fragment in which breakpoints are localized
Length of abnormal band (kb) Fragment of
Case Probe 3’ probe 5 b breakpoint in
Restriction enzyme Bam H I Bgl II probe M-BCR
1 6.0 6.0 F2
2 (=) (-) (+) F0
3 (=) (=) (+) FO0
4 6.6 (—) F4
5 (=) 9.0 F1
6 6.0/4.0 2.0 F3/F4
Table 3. Correlation of breakpoint fragment and clinical status
Case| Fragment Current clinical status Duration of CP Treatment
1 F2 BC (megakaryocytic) — dead 46 months BU—- CC— HU—CC
2 FoO Ccp >24 months BU— (—)
3 FoO CP >28 months IFNa2a
4 F4 BC (Iymphoblastic) — dead 6 months BU - CC
5 F1 CP >22 months IFNa2a
6 F3/F4 AP (suspected) 7 months HU — IFN«2a

CP ; chronic phase, AP ; accelerated phase, BC ; blastic crisis, CC ; cytoreductive chemotherapy,

BU ; busulfan, HU ; hydroxyurea, IFN ; interferon

EHELTWwW3 . W

4], 4 ik Shtalrid 5 DED 2SFw L
THRE 2 L7228, i o L, BCR O
grER L (F) SEFIDERRRER R, 4, 4
HBVIIREOREE L OBEIZR» 272 DD,
F2 YIWHBAL 3 F S 2 5ERI T, CP DA
EWEAIH 2 £ LTWw53 .9 %7, Schaefer-
Rego 51X, 26 A® CMLfEFID> %, BC D9
FITix, 1H12ERWT F3IYIBi s EEL T»
TeEHELTn3.?

Z D & 51z BCR NOYIW s DERALLS, ERIRRE
WL ASPORMENRD S LT &M
oo, M-BCR N TYH, FIBERAIAY 3 BCR
CEETAIEO8, 5 BCRICEET S LD CP
PYEHIRITH B & T B RHEDS, Mills 5,7 Eisen-
berg 5® X VEFEINT 5.

SREIDFEZ OBENX, EFIBSD BT, #f

X

HEACHBLEREBICEELSEVRL OO,
D CP ThHAERNE, AFETETEI5D FO
b L FLZYIWREAL 2B 3 266, 372bb
M-BCR @ 5 BCR 2SIWHENLCd 2 FEFITH
5. ZhizEEo, YIKEML & BRRRE & 2B
HEF T WL OhDHRE L —BLIERE
BoTnb,

S, ZZWELZ6FIELY TR, o
CML fEflic v T3 BCR B FHEBROKRE
&, BRREBOHBEREILTVWE, 20X
7> DNA 228, ghiivffiffce s 2%k
$, BRREERTR, Vv TIREREDORIRSE
HBAS, KOREROBEICFHFSEL T
L EREAREL Iz,

a2z 5 12h7:0, BCR BHEROEITCH I WIz72
WEBREH I AT -V, BV LET.
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