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Rearrangement of ber and e-abl Sequences 
in Ph-positive Acute Leukemias and Ph-negative CML - an Update 

C. R. Bartram 1 

A. Introduction 

The molecular hallmark of the Philadelphia 
(Ph) translocation in CML is a rearrange­
ment between the e-abl oncogene and a gene 
provisionally called ber [7, 11, 13, 19]. As a 
consequence of this genomic recombination 
on the Ph chromosome, CML cells tran­
scribe a chimeric 8.5-kb RNA species, con­
sisting of both 5'ber and e-abl sequences [6, 
10, 20], that is translated into a p 210 abl 
protein [15, 16]. As yet the normal cellular 
functions of e-abl and ber have not been 
characterized. However, e-abl belongs to a 
family of genes coding for proteins with as­
sociated tyrosine kinase activity; it is tempt­
ing to speculate that the ber moiety of the 
hybrid ber/abl molecule has altered the 
structure of the ablprotein and thus changed 
its tyrosine kinase activity. Recently, we ex­
tended the analyses of e-abl and ber se­
quences to Ph-negative CML and Ph-posi­
tive acute leukemias. The results are summa­
rized below. 

B. Ph-negative CML 

About 5% of all CML patients exhibit no Ph 
chromosome in leukemic cells. While Ph­
negative CML is associated with a generally 
less favorable course, it is widely accepted 
that this entity constitutes a heterogeneous 
group of prognostically distinct disorders 
[21]. In our studies we included only cases 
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that met stringent criteria of CML [5]. As 
listed in Table 1, these patients usually lack 
e-abl and ber rearrangements in Southern 
blot and in situ hybridization studies. How­
ever, in seven cases an involvement of both 
genes was established. Among these seven 
patients, two exhibited an involvement of 
chromosome region 9q34 on the cytogenetic 
level, i.e., t(8;9) and t(9;12) and this may re­
present masked complex Ph translocations. 

Table 1. Ph-negative CML (n = 31 8
) 

I No ber rearrangement, 
no e-abl translocation 

II bcr/e-abl rearrangement 
III ber rearrangement, 

no e-abl translocation 

23 

7 
1 

8 Data of some patients have been published 
elsewhere [1-5, 7, 11, 13]. 

The other cases showed no chromosomal 
abnormality, even when high-resolution 
banding techniques were used. Yet Southern 
blots revealed a ber rearrangement, and in 
situ hybridization studies demonstrated a e­
abl translocation toward chromosome 22. In 
one patient, Northern blot analysis ex­
hibited the 8.5-kb abl/ber transcript. Similar 
results have recently been reported by Mor­
ris et al. [17]. Leukemic cells of only one Ph­
negative CML patient showed a ber rear­
rangement without juxtaposition of e-abl se­
quences [3]. In leukemic cells of this patient 
Northern blots revealed a novel 7.3-kb ber 
transcript. 



C. Ph-positive ALL and AML 

Initially considered specific for CML, the Ph 
chromosome has been described in other he­
matopoietic neoplasias; in adult ALL the Ph 
translocation is the most frequent detectable 
chromosomal aberration, with an incidence 
of about 20% (van den Berghe, this volume). 
The question of whether Ph-positive acute 
leukemias represent distinct clinical entities 
or comprise CML patients initially diag­
nosed in the acute phase is still a matter of 
controversy [14]. Since Ph chromosomes in 
CML and acute leukemias are indistinguish­
able cytogenetically, we applied molecular 
approaches to further elucidate this prob­
lem. 

Ten Ph-positive ALL patients exhibited a 
ber/e-abl rearrangement comparable to Ph­
positive CML (Table 2); moreover, North­
ern blots showed the 8.5-kb abl/ber tran­
script in two of these ten cases that could be 
investigated. It may be sensible to assume 
that those patients are suffering from CML 
blast crisis. Three other Ph-positive ALLs 
likewise revealed a ber rearrangement, but 
3' ber sequences, usually transferred to chro­
mosome 9q +, have been deleted. The bio­
logical meaning of this observation remains 
obscure, but similar deletions have never 
been detected in Ph-positive CML. 

Despite the presence of a Ph chromosome, 
a third group of ALL patients showed no ber 
rearrangement (Table 2). Similar results 
have recently been reported by other investi­
gators [9, 18]. In situ hybridization studies 
exhibited a e-abl translocation in three of 
our patients. The possibility remains that at 
least in some of the patients e-abl translo­
cated to 5' sequences of the ber gene map­
ping outside the CML-specific cluster re­
gion. Since the entire ber gene has recently 

Table 2. Ph-positive ALL and AML 

been cloned (Mes-Masson et aI., this vol­
ume), this problem can now be investigated 
directly. However, the observation that 
Northern blots of one of our ALL patients 
and of an ALL cell line [8, 9J detect normal­
size ber and abl transcripts argues against 
this interpretation. 

Thus far we have analyzed four Ph-posi­
tive AML patients (Table 2). As in Ph-posi­
tive ALL, two cases exhibited abl/ ber rear­
rangements and thus may be regarded as in 
CML blast crisis. In situ hybridization stud­
ies of one variant Ph-positive AML patient 
lacking a ber recombination showed e-abl se­
quences exclusively on chromosome 9 [12]. 
This case may be an example of yet another 
leukemic subgroup comprising cytogeneti­
cally defined "Ph-like" leukemias that ex­
hibit no alteration of either e-abl or ber se­
quences. 

D. Discussion 

These data, although still preliminary, em­
phasize the possible value of e-abl and ber se­
quences in the subclassification of heteroge­
neous leukemic entities as Ph-negative CML 
or Ph-positive acute leukemias. However, 
these differences on the molecular level can­
not readily be correlated with specific clini­
cal, morphological, or immunological fea­
tures. Thus, in contrast to a recent report 
based on five cases [17], we detected no sig­
nificant distinctions in the clinical course of 
our 31 Ph-negative CML patients. The same 
holds true for Ph-positive ALL. While nine 
cases of childhood Ph-positive ALL investi­
gated by us and others [8, 9,18] exhibited no 
ber rearrangement, the demonstration of a 
similar genomic configuration in four adult 

Molecular hallmark Ph-pos ALL (n = 23 3
) Ph-pos AML (n=4 3

) 

I e-abl/ber rearrangement as in 
Ph-positive CML 

II Rearrangement of 5' ber and e-abl, 
deletion of 3'ber 

III No ber rearrangement 

10 

3 

10 

3 Data of some patients have been published elsewhere [8, 12]. 

2 

2 
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cases [8] at least rules out a restriction of this 
molecular pattern to pediatric patients. Nev­
ertheless, investigation of more cases with 
longer follow-up may finally unravel the 
possible clinical importance of molecular 
differences among these heterogeneous leu­
kemic entities and supplement our rather in­
complete understanding of what overall bio­
logical consequences are triggered by such 
genomic rearrangements as those discussed 
above. 
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