
Rapid diagnosis of chronic myeloid leukemia by
flow cytometric detection of BCR-ABL1 protein

A definitive diagnosis of CML requires either the
demonstration of the t(9;22) Philadelphia chromosome
translocation (by FISH), or BCR-ABL1 fusion gene (qRT-
PCR). Both techniques provide important clinical infor-
mation, but are usually confined to specialist regional
laboratories as they are costly, require specialist staff to
produce and interpret, and take several days to com-
plete. Since most patients with neutrophilia and/or
thrombocytosis do not have CML, a rapid and simple
screening test for BCR-ABL1 protein would be clinically
useful. Hitherto, demonstrating the BCR-ABL1 protein
has been technically difficult because of its instability,1

and the lack of a specific antibody that can reliably dis-
tinguish BCR-ABL1 protein from its normal ABL coun-
terpart. 

The BCR-ABL1 Protein kit (BD Biosciences) has been
developed to detect all frequently occurring BCR-ABL1
fusion variants in human blood, including p190, p210
and p230. It uses an antibody recognizing BCR attached
to a capture bead and an ABL-directed phycoerythrin
(PE)–conjugated detection antibody. The presence of
BCR-ABL1 protein results in a sandwich complex com-
prised of both the capture bead and the detection fluo-
rophore, detectable by flow cytometry. 

In initial optimization experiments on clinical samples,
it was observed that using too few cells may result in a
false negative result; thus a minimum of 1x107 cells is
recommended (Figure 1A). We compared BCR-ABL1
protein detection from total leukocytes or from MNC
(Figure 1B). The BCR-ABL1 MFI (mean fluorescence
intensity) signal was greater in MNC than total leuko-
cytes (P=0.014). This may be because the proteolytic
activity present within mature neutrophils is reduced
within the MNC cell preparation. Comparing results
from fresh or frozen MNC, whereby analysis was per-
formed immediately after thawing frozen samples, we
found no significant difference in detectable BCR-ABL1
protein. However, if the thawed cells were permitted to
recover overnight prior to analysis, false negative results
were seen in 2 out of 5 cases tested. The difference may
be due to protease activity released from neutrophil
granules disrupted by cell thawing.

BCR-ABL1 protein is known to be particularly sensi-
tive to degradation within primary cells,1 a feature that is
not found in cell lines. It is, therefore, important to
include a known BCR-ABL1 positive patient sample as a
positive control. 

We analyzed 157 samples for both BCR-ABL1 protein
and BCR-ABL1 mRNA by qRT-PCR within 24-48 h of
the sample being taken. These consisted of 110 samples
from patients presenting with neutrophilia and/or
thrombocytosis suspected of having CML, and 47 sam-
ples from normal healthy controls the data concerning
which were kept anonymous. In all samples, the BCR-
ABL1 status as determined by qRT-PCR was confirmed
by the BCR-ABL1 protein assay with 100% concor-
dance. The average MFI values from normal cellular
samples were 87.7±5.5 giving a cut-off value between
positives and negatives set at 99 (87.7±2SD) (Figure 2A).

Assay specificity and sensitivity were confirmed in pri-
mary cells by assaying for BCR-ABL1 protein in patients
who had commenced treatment with a TKI. In patients

who were in complete cytogenetic response (CCR,
defined either by standard metaphase analysis on bone
marrow or as a BCR-ABL1 qRT-PCR <1%)2 the
detectable BCR-ABL1 protein was either extremely low
or undetectable. However, in patients at early stages of
treatment but not yet in CCR (defined as a BCR-ABL1
ratio of 1-10%) BCR-ABL1 protein was readily detected
(Figure 2A). In patients with newly diagnosed CML
(BCR-ABL1 ratio >10%) BCR-ABL1 protein was
extremely high (P=<0.0001).

The degree of  decrease in BCR-ABL1 transcript level
within the first three months of imatinib treatment can
predict the subsequent clinical outcome.3 To assess if a
change in BCR-ABL1 protein level could also be predic-
tive of later clinical outcome, fresh MNC taken at origi-
nal diagnosis were cultured in the presence of imatinib
for 24 h. The change in BCR-ABL1 protein level did not
correlate with achievement of CCR. Furthermore, moni-
toring of the BCR-ABL1 protein level once treatment had
commenced provided no useful clinical information (data
not shown).

Use of any screening kit in a clinical diagnostic setting
must be able to reliably detect all BCR-ABL1 transcript
types. BCR-ABL1 protein was detected in all transcript
types tested (e1a2, e13a2, e14a2 and both e13a2 and
e14a2) with no significant differences in signal intensity
between BCR-ABL1 transcript types (data not shown). 

The BCR-ABL1 protein assay produces a test result
from lysed cellular material in 4 h. However, access to
CML primary cells as positive controls are required in
order to eliminate false negative reporting, and these
samples may not be readily available outside specialist
laboratories. To deal with this problem, we have simpli-
fied the methodology by using a plasma based assay
which eliminates confounding cellular granulocytic
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Figure 1. Optimization of sample source for the detection of BCR-
ABL1 protein. (A) Assessing the number of cells required to detect
BCR-ABL1 protein. (B) Comparison between fresh total leukocytes
and frozen MNC. 
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degradation effects. It has previously been shown that
leukemic cells shed their proteins, DNA and RNA into
plasma.4-6 Plasma was incubated with the capture beads
and detector reagent for 6 h then analyzed for the pres-
ence of BCR-ABL1 protein.

Plasma samples were analyzed from 50 newly diag-
nosed CML patients and from 14 patients with neu-
trophilia and/or thrombocytosis or healthy controls. The
normal plasma sample cut-off value was determined as
98 (72.4±2SD) MFI. In all cases, and for all transcript
types tested, samples that were negative by plasma were
also negative by cell lysate, and the result was always in
agreement with the prevailing BCR-ABL1 mRNA level as
defined by qRT-PCR (Figure 2B). These data demonstrate
that the simplified plasma assay is also 100% accurate at
detecting BCR-ABL1 protein. The level of BCR-ABL1

protein in a plasma sample did not correlate with the
sample white blood count (data not shown).

In conclusion, when screening patients presenting
with high white counts for CML, it is important to have
a technique which economises on time and cost, since
most patients will be negative and will not require fur-
ther detailed testing. Furthermore, a rapid and reliable
screening test will give rise to earlier diagnosis and clin-
ical intervention. The present data show that this assay
is sufficiently reliable to provide a first-line screening test
for CML diagnosis. Applying this to a plasma sample
rather than a cell lysate may provide further simplifica-
tion, and this may be particularly useful in developing
countries whose hospitals lack definitive facilities for the
detection of BCR-ABL1.
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Figure 2. Screening clinical samples for BCR-ABL1 protein. (A)
157 cellular samples were screened for the presence of BCR-
ABL1 protein; results are stratified by the BCR-ABL qRT-PCR
results for the same sample.  The MFI for each sample was deter-
mined as the observed MFI, minus the MFI value of the negative
control plus two standard deviations. (B) 64 plasma samples were
screened for the presence of the BCR-ABL1 protein. Fourteen
from patients with neutrophilia and/or thrombocytosis or healthy
controls normal plasma and 50 CML patients at diagnosis were
studied.
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