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Similar Molecular Alterations Occur in Related Leukemias With
and Without the Philadelphia Chromosome

L.M. Wiedemann, K. Karhi, and L. C. Chan

A. Introduction

The reciprocal translocation between the
long arms of chromosomes 9 and 22,
t(9:22), results in the Philadelphia (Ph1)
chromosome, the karyotypic hallmark of
chronic myeloid leukaemia (CML) [1]. The
molecular consequences of this transloca-
tion have been well characterized, although
their contribution to the disease process is
less clear. The translocation creates a hybrid
transcription unit consisting of the 5’ end of
the so-called breakpoint cluster region (bcr)
gene on ch22q11 and the c-abl proto-onco-
gene on ch9q34 [2]. This new gene is capable
of being expressed as a chimeric 8.7 kb
mRNA [3] which, when translated, produces
a fusion protein (p210) with an enhanced
phosphorylating activity [4] compared, in vi-
tro, to the normal c-abl protein (p145).

This translocation event can be seen at the
DNA level in the bcr gene, since it usually
occurs within an 5.8 kb region of DNA and
can be detected with a specific probe for this
region (ber probe) {2]. Involvement of c-abl
is more difficult to demonstrate since the
break on ch9q34 can occur anywhere within
50 kb or more [5] upstream of the proto-on-
cogene. We therefore chose to look at the
size of the abl protein-tyrosine kinase as well
as the level of its activity, as an assay for c-
abl mvolvement. Using these criteria we
analysed two other types of leukaemias (a)
Phi-positive acute Ilymphoblastic leu-
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kaemia, (Ph1* ALL) and (b) Phi-negative
(Ph1™) CML.

The Ph1 chromosome is present in about
10% of adult ALL and is associated with a
poor prognosis. It is not clear, however,
whether Ph1* ALL represents blast crisis of
previously undiagnosed Ph1* CML,
whether it is a clinically distinct group, or
(what is more likely) a mixture of the two
[6].

The Ph1~™ CML group, represents 5% of
patients diagnosed as CML whose cells do
not contain the Ph1 chromosome. However,
the need for more accurate assessment of
these cases has been demonstrated by Pugh
et al. [7], who examined 25 cases originally
diagnosed as Ph1 = CML and reclassified all
but one as myelodysplastic syndromes in-
cluding various refractory anaemias,
chronic myelomonocytic leukaemia
(CMML) and polycythaemia rubra vera.

B. Results

DNA was isolated and purified from periph-
eral blood and/or bone marrow leukocytes
of samples from patients diagnosed on the
basis of clinical and haematological criteria
by Prof. D. Galton (Royal Postgraduate
Medical School, Hammersmith, London) as
Ph1* CML (1 case), bona fide Ph1~ CML
(2 cases), atypical Ph1™ CML (aCML) (2
cases) and Ph1~ CMML (1 case). The DNA
was digested with the restriction endonu-
clease Bglll, fractionated by electrophoresis
through a 0.7% agarose gel, and blotted
onto nitrocellulose according to the method
of Southern [8]. Relevant restriction frag-
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Fig. 1. DNA analysis of the breakpoint
cluster region (bcr) on chromosome 22.
The restriction map of the region of chro-
mosome 22 is illustrated in the lower por-
tion as well as the probe used for hybrid-
ization analysis for rearrangement (kindly
supplied by Dr. J. Groffen of Oncogene
Sciences, USA). The dashed region of the
probe was deleted due to the presence of
repetitive sequences. The normal size of
the Bg/II fragments detected by this probe
are delineated. The known positions of
the ber exons are also shown. Bg, Bgl/ll;
Ba, BamHI; E, EcoRI; and H, HindIII.
BgllI digested DNA from cells with the
normal bcr configuration, Bri-7, lane 1;
Ph1*, CML, lane 2; Ph1~ CML-1, lane 3;
Ph1~ CML-2, lane 4; Ph1~ aCML-1,
lane 5; Ph1~ CMML, lane 6, and Ph1~
aCML-2, lane 7, were hybridized to the
ber probe and autoradiographed. The
normal ber bands are labelled in kb.
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ments were identified by hybridization with
the ber probe (kindly supplied by Dr. J.
Groffen, Oncogene Science, USA) and visu-
alized using Kodak XAR-5 film (Fig. 1).

In germline DNA from cells without a
Ph1 chromosome, the bcr probe reveals
three bands reflecting the normal restriction
fragment sizes of the nonrearranged chro-
mosome 22 region (Fig.1, lane 1). When a
translocation occurs in Ph1* CML, one or
two new bands are detected by the probe,
(i.e., Fig.1, lane 2) depending on the posi-
tion of the break and the retention of the 3’
as well as 5 portion of the translocation
products (deletion of the 3’ region of ber ap-
pears not to be uncommon [6]).

When the DNA from the six patients was
analysed, new bands were detected in the
Ph1* CML (Fig.1, lane 2) as well as two
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bona fide Ph1~ CML (Fig. 1, lanes 3 and 4),
suggesting that the DNA is rearranged in the
ber locus in the DNA from these leukaemias.
DNA samples from the two aCML and the
CMML did not give rise to additional bands
(Fig. 1, lanes 5-7). This information shows
an interesting correlation with the diagnosis
based solely on clinical and haematological
features and confirms the conclusion
reached in a recent report [9] although our
data on aCML is in conflict with a study by
Ganesan et al. [10]. DNA from the cells from
the bona fide Ph1~ CML patients, although
karyotypically apparently normal, appear to
have a “masked” Phl chromosome as anal-
ysed by ber rearrangement and will be ref-
ered to as ber-positive.

To exclude the possibility of polymor-
phism associated with Bg/II in a published



report of Ph1~™ CML [11], several enzymes
were used to confirm the rearrangement of
ber in the DNA from bona fide CML pa-
tients and the lack of rearrangement in the
ber™ group.

Detection of the Abl-Kinase Activity

Mononuclear cells from selected samples
were isolated on Ficoll-Hypaque (acute or
blast crisis cases) or Percoll density gradients
(chronic cases) and analysed by a modifica-
tion of the in vitro autophosphorylation as-
say of the abl protein tyrosine kinase [2].
Briefly, 4-10 million cells were lysed in the
presence of protease inhibitors and an anti-
serum raised against a synthetic peptide
which was derived from the abl protein
tyrosine kinase sequence (a kind gift of Syd
Raytner, NIMR, London), was added in the
presence or absence of the peptide antigen.
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Fig.2. Analysis of samples for bcr-abl protein
tyrosine kinase. Blast cells were purified on den-
sity step gradients, abl-related proteins were iso-
lated from the lysed cells in the presence (lanes b)
or absence (lanes a) of the synthetic peptide used
to generate the antiserum. Proteins were allowed
to autophosphorylate in the presence of y-32P-
ATP and were analysed by PAGE. The autora-
diographic results shown were from Nalm-1 cells,
lanes I; Ph1* CML-myeloid blast crisis, lanes 2;
Ph1~ CML-2, lanes 3; Ph1* ALL, lanes 4, and
Ph1™ ALL, lanes 5. The position of the p210 pro-
tein tyrosine kinase as determined from markers,
is indicated.

The lysate was clarified after 15 min and
added to Sepharose 4B-CL-protein-A
beads. The beads were collected and washed
and the bound material was allowed to auto-
phosphorylate in the presence of y-32P-ATP.
The products were analysed by SDS-poly-
acrylamide gel electrophoresis.

Lysates from a cell line Nalm-1 which
bears the Ph1 chromosome and in which ber
is rearranged, were used as positive controls.
The addition of the peptide 4 completely
eliminated the precipitation and subsequent
autophosphorylation of the p210 in Nalm-1
demonstrating specificity of the anti-abl
antiserum for this protein (Fig.2, lane 1b).
The p210 activity was observed in all
samples that had been shown to rearrange in
the ber locus. These included a Ph1* CML
in myeloid blast crisis (Fig.2, lane 2) the
Ph1~ CML-2 (Fig.2, lane 3) and a Ph1™
ALL (Fig.2, lane 4) that had previously
been shown to rearrange in the bcr locus,
(see [6], patient L8), while we were unable to
detect any abl-related products in Ph1™,
ber™ samples of aCML (data not shown) or
ina Ph1~, ber™ All (Fig. 2, lane 5).

C. Conclusion

We have shown the importance of the pro-
tein kinase assay as a complementary study
to ber analysis in leukaemias that are related
to Ph1* CML. We find that: (a) Ph1~ bona
fide CML and Ph1* CML appear to be the
same disease as measured at the DNA level
by ber rearrangement and at the protein
level as measured by the p210 abl protein
tyrosine kinase assay (b) Ph1* ALLs which
rearrange in ber also express the p210 kinase
activity. Since the protein kinase assay is
quick (<36 h) and requires only 5 million
enriched blast cells, it could be used as an al-
ternative to DNA analysis for identification
of ber-positive samples in clinical specimens.
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