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Phenotypic changes in acute myeloid leukaemia:
implications in the detection of minimal
residual disease

A Macedo, J F San Miguel, M B Vidriales, M C L6pez-Berges, M A Garcia-Marcos,
M Gonzalez, C Landolfi, A Orfao

Abstract
Aim-To explore the role of phenotypic
changes as possible limiting factors in the
immunological detection of minimal re-
sidual disease in patients with acute my-
eloid leukaemia (AML).
Methods-20 relapses were evaluated, with
special attention to changes in the criteria
used for the definition of a phenotype as
"aberrant". In all cases the same mono-
clonal antibody and fluorochrome were
used at diagnosis and in relapse.
Results-Six out ofthe 16 patients showed
aberrant phenotypes at diagnosis. At re-
lapse, no changes in the aberrant pheno-
types were detected in most ofthe patients;
nevertheless, in two of the four patients
with asynchronous antigen expression this
aberration disappeared at relapse. At
diagnosis in both cases there were already
small blast cell subpopulations showing
the phenotype of leukaemic cells at re-
lapse. Ten out of the 16 cases analysed
showed significant changes in the ex-
pression of at least one of the markers
analysed.
Conclusions-At relapse in AML the
"leukaemic phenotypes" usually remained
unaltered, while other phenotypic fea-
tures-not relevant for distinguishing
leukaemic blast cells among normal pro-
genitors-changed frequently; however,
they were not a major limitation in the
immunological detection of minimal re-
sidual disease.
( Clin Pathol 1996;49:15-18)
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Current induction treatments result in a high
complete remission rate (60-80%) in patients
with acute myeloid leukemia (AML).' How-
ever, many patients will eventually relapse be-
cause of the persistence of small numbers of
the original leukaemic cells which are un-

detectable by conventional cytomorphological
techniques. This is known as minimal residual
disease. Alternatively, relapses could be due to
the emergence of resistant subclones which
develop either as a result of chemotherapy-
induced clonal selection or because ofthe capa-
city of precursor leukaemic cells to mature or
differentiate into different cell lineages.2 In the
case of the first hypothesis, the antigenic char-

acteristics of blast cells at relapse would the-
oretically be identical to those present at
diagnosis, while if a new leukaemic subclone
is responsible for the relapse its phenotypic
features would differ from that of the original
malignant clone. The implications of either
of these two possibilities for the detection of
minimal residual disease are obvious. At pres-
ent the immunological detection of minimal
residual disease relies on the observation that
leukocyte markers may be expressed on malig-
nant cells in combinations that are not usually
seen in normal cells.3 According to these "ab-
errant" or "leukaemic" phenotypes of blast
cells at diagnosis, a "custom built" pattern is
established for each patient for use during fol-
low up. The criteria used for the assessment of
a phenotype as "aberrant" include: antigenic
lineage infidelity, asynchronous antigen ex-
pression, and antigen overexpression.' How-
ever, this whole strategy for detection of
minimal residual disease may prove unfruitful
ifphenotypic changes occur frequently. Several
studies have reported the occurrence ofpheno-
typic changes at relapse249-16; however, little
attention has been paid to whether or not these
changes affect the criteria used to define the
"leukaemic phenotypic features". Lineage
switches in relapsing leukaemia have been re-
ported in 5-8% of acute leukaemias,24 11-13 with
more frequent shifts from lymphoid to myeloid
lineage. Drach et all' have detected only one
change out of 12 relapsing leukaemias, while
Campana et al' found two lineage switches
in 26 relapsing acute lymphoblastic leukaemia
(ALL) patients but none in eightAMLpatients.
In the present study we explored the influence
of phenotypic switches on possible limitations
to the immunological detection of minimal
residual disease inAML patients. In doing this,
special attention was paid to changes in the
criteria used for the definition of a phenotype
as "aberrant". In all cases the same monoclonal
antibody and fluorochrome were used at dia-
gnosis and in relapse. Our results show that
the "leukaemic phenotypes" usually remain un-
altered, while other phenotypic features, not
relevant for discriminating leukaemic blast cells
among normal progenitors, changed fre-
quently.

Methods
PATIENTS
Sixteen "de novo" AML patients who achieved
morphological complete remission'7 after
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intensive chemotherapy and relapsed later were
included in the study. Two patients had two
relapses and one had three; thus the total num-
ber of relapses evaluated was 20.

All patients included in the study were
treated according to the protocol ofthe Spanish
PETHEMA group for AML which includes
the combination of an anthracyclin with Ara-
C (3/7).
The diagnosis ofAML was established in all

cases on the basis of both morphological and
cytochemical studies according to the FAB
classification.'819 The complete remission cri-
teria proposed by Ellison et al."7 were used:
presence of<5% blast cells on the bone marrow
with normalisation of the marrow cellularity
and/or ofhaemoglobin, granulocyte, and plate-
let levels in the peripheral blood, as well as the
patient performance status.

IMMUNOPHENOTYPICAL STUDIES
Immunophenotypical studies ofleukaemic cells
were done in all 16 patients; analyses were
carried out at the moment of diagnosis and at
relapse using the same monoclonal antibodies
and fluorochrome combinations. A direct im-
munofluorescence technique on whole lysed
blood was used, including double and triple
staining with fluorescein isothiocyanate
(FITC), phycoerythrin, and either PerCP or
Tricolor conjugated monoclonal antibodies.
The specificity of the antibodies was: CD34
(IOM34,HPCA2), CD117 (95C3), CD33
(leuM9,My9), CD13 (leuM7,My7), CD15
(leuMl), CD1b (leul5), CD14 (leuM3), gly-
cophorin A (LICR.LON.R1O/D2-10), CD61
(gpIIIa), HLA/DR (anti-HLA/DR), CD2
(leu5b), CD3 (leu4), CD4 (leu3a), CD5
(leul), CD7 (leu9), CD10 (anti-cALLA),
CD19 (leul2), CD16 (leullc), and CD56
(leul 7). In order to exclude biphenotypic leuk-
aemias, cytoplasmic CD3 and CD22 were ana-
lysed on cells fixed with paraformaldehyde 1%
in phosphate buffered saline (PBS) and per-
meabilised with Tween 20 in PBS (0'5% vol/
vol) as previously reported. In addition, ap-
propriate double staining was used in order to
either confirm or exclude the reactivity of cer-
tain markers on the surface of the leukaemic
cells. An isotype matched control and the
CD4.FITC/CD8.PE/CD3.PerCP combina-
tion were systematically used as negative and
positive controls, respectively.

DATA ACQUISITION AND ANALYSIS
Data acquisition and analysis was performed
on a FACScan flow cytometer (Becton Dickin-
son). The LYSYS II software program (Becton
Dickinson) was used for data acquisition and
at least 4000 events per tube were stored. Data
analysis was performed using the Paint-a-Gate
Plus software (Becton Dickinson) which in-
cludes a polynomial transformation of the SSC
parameter"0 facility, which allows a better
definition of cell populations displaying low
and intermediate light statter features.
The adjustment and calibration of the

flow cytometer, as well as the fluorescence

compensation, were performed before data
acquisition according to previously described
methods.

ABERRANT IMMUNOPHENOTYPES
Three different types of aberrant phenotype
were considered: (1) lineage infidelity (co-
expression of lymphoid associated markers on
myeloid blast cells); (2) asynchronous antigen
expression (expression of myeloid antigens ab-
sent along normal myeloid differentiation);
(3) antigen overexpression (expression of ab-
errantly increased molecules of antigen per
cell).

Results
The individual antigenic expression at dia-
gnosis and in relapse was compared in each
case; in addition, we specifically investigated
the possible changes affecting the criteria used
detecting minimal residual disease ("leukaemic
or aberrant phenotypes").

In all cases the morphology of blast cells
(FAB classification) remained unchanged
(table). Six out of the 16 AML patients studied
showed an "aberrant phenotype" at diagnosis
(table). Two of them coexpressed lymphoid
antigens (lineage infidelity): CD7 in case 1 and
CD2, CD7, and CD19 in case 2 (table). In the
first case, this phenotypic criterion remained
unchanged at relapse, although other antigenic
changes were observed (decrease in HLA/DR
and increase in CD11b expression). In the
second case, in addition to the lineage infidelity,
the blast cells showed asynchronous antigenic
expression (CD33+ CD13- CD15+). At
relapse, the first criterion remained unchanged
while all the blast cells acquired the CD 13
antigen. It should be noted that there was
already a small population (3 5%) of CD13 +
blast cells at diagnosis. In case 3, an over-
expression of CD 13 antigen was the aberrant
criterion used for minimal residual disease in-
vestigation and persisted unchanged at relapse
(table). Three other cases (Nos 4, 5, and 6)
had an asynchronous antigenic expression: in
case 4 (CD117+ CD15+) and case 5
(CD34+ CD14+ CD11b-) the aberration
remained unchanged at relapse. In case 6, 80%
of blast cells lacked the CD33 antigen in the
presence of CD 13 but in the second and third
relapses the former antigen was acquired by
all cells, while the expression of CD 13 was
reduced. Nevertheless, there was already a sub-
population (20%) of CD33+ CD13+ blast
cells at diagnosis (table).
The remaining 10 cases did not show an

aberrant phenotype (table) so in these
patients-as in the others-we evaluated the
possible changes during relapse according to
individual antigenic expression. Shifts from
negative to positive (that is, >20% + cells)
expression of antigen or vice versa were ob-
served in 10 cases, implying the following an-
tigens: CD34 (case 11), HLA/DR (cases 1 and
16), CD13 (case 2), CD14 (cases 6 and 16),
CD15 (cases 5, 9, and 10), CD11b (cases 1,
2, and 6), CD16 (case 14), CD4 (cases 10 and
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Phenotpic changes and minimal residual disease in AML

AML immunological phenotype at diagnosis versus relapse. Results are % positive blast cells

Case Fab CD34 CD117 HLAI CD33 CD13 CD14 CD15 CDllb CD16 CD4 CD56 CD2 CD3 CD5 CD7 CD1O CD19 GLICO CD61
DR

1 Ml 100 80 80 100 0 0 10 0 0 0 0 0 100 0 0 0
Ml 100 5 100 100 0 0 100 0 0 0 0 0 100 0 0 0

2 M5a 0 0 100 100 3-5 0 100 50 0 100 0 100 0 0 80 0 100 0 0
M5a 0 0 100 100 80 0 100 2 0 75 0 75 0 0 92 0 54 0 0

3 Ml 50 60 100 100* 0 0 0 0 60 0 0 0 0 0 0 0
Ml 40 60 100 100* NE 0 0 0 NE 0 0 0 0 0 0 0

4 M2 50 30 50 80 90 0 50 0 50 0 0 0 0
M2 100 100 100 80 100 0 90 0 0 90 100 0 0 0 0 0 0 0 0

5 M3 100 0 100 100 100 80 0 100 0 0 0 0
M3 100 80 0 100 100 100 15 0 0 100 0 0 0 0 0 0 0 0 0

6 M5b NE 22 100 31 0 31 0 45 0 0 0 0
M5b 100 87 100 0 12 16 66 0 0
M5b 100 100 98 0 2 15 0
M5b 0 100 100 62 0 15 0 0 25 0 0 0 0

7 M6 0 100 92 100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M6 0 100 55 100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 M5b 0 100 100 100 0 0 0 0
M5b 100 100 100 0 100 81 0 0 14 11
M5b 100 100 100 0 0 90 0

9 M3 0 100 100 0 0 0 40 0 0 0 0
M3 0 0 97 98 0 22 8 NE 0 0 0 0
M3 0 0 100 100 0 0 0 0 100 0 0 0 0 0 0

10 M5b 0 50 100 0 8 22 0 12 1 0 0 0 0
M5b 0 50 100 100 10 50 50 0 50 50 0 0 0 0

11 M3 1 0 100 30 0 0 0 0 0 0 0 0 0 0 0 0 0
M3 40 0 0 100 100 0 0 0 0 30 0 0 0 5 0 0 0 0 0

12 M4 63 100 100 24 0 100 0 25 0 0
M4 100 100 100 25 0 100 100

13 M5a 100 NE 100 0 NE 0 0 0 0 0 0 0
M5a 100 100 NE 100 NE 0 0 0 0

14 M5b 13 87 87 100 NE 88 100 60 100 56 0 0 0 0 13 0
M5b 100 100 100 NE 30 0 100 0 0 0 0 0

15 M4 0 60 90 100 76 78 21 0 84 0 0 0 0 0 0 0
M4 6 100 100 100 100 100 100 21 0 80 0 0 0 0 0 0 0

16 M4 72 100 90 60 0 100 100 0 0 0 0 0
M4 7 30 100 5 0 73 100 0 0 NE

NE= not evaluable.
* Antigenic overexpression.

11), and CD56 (cases 11 and 14). Thus the
phenotype remained completely unchanged
only in six cases. Additional variations in the
percentage ofpositive cells were also frequently
observed (table). According to the overall
phenotype of the blast cells, phenotypic
changes reflected an antigenic maturation in
only three cases (Nos 1, 10, and 14). In the
remaining cases, changes from diagnosis to
relapse either only affected one antigen or the
variations were not associated with a clear mat-
uration pattern (table).

Discussion
In recent years, changes in AML blast cell
phenotype at relapse from that at diagnosis
have been reported.249 16 However, to the best
of our knowledge there has been no systematic
study on this. As a result there is scanty in-
formation at present on the incidence of these
phenotypic changes, as well as on whether they
are simple or complex, whether they affect the
criteria used to define aberrant phenotypes,
and whether they are related to maturational
changes or just have a random distribution.
The mechanisms that are responsible for the
phenotypic changes ofAML blast cells detected
at relapse are still poorly understood. Among
other things, the possible effect of antiblastic
drugs on cell differentiation, the production of
different proteins and antigens, and the se-
lection of certain tumour cell clones have been
implicated.2 However, certain technical aspects
need to be considered, since they have been
shown to influence the results. These include
the method of analysis, sample preparation
techniques, the fluorochromes used for im-

munofluorescence detection methods, and
even the different reactivity of certain mono-
clonal antibodies included in the same cluster
of differentiation (CD). In the present study
all these factors were controlled; for instance,
only cases where the same monoclonal antibody
and fluorochrome were used at diagnosis and
at relapse were included, in order to ensure
that the phenotypic changes detected were not
due to technical artefacts but corresponded to
real changes in antigenic expression.

In this series, 10 out of the 16 cases studied
showed relevant changes from negative to posi-
tive or vice versa on the expression of at least
one of the markers analysed. These changes
mainly related to variations in the expression
of the HLA/DR, CD15, CDl1b, and CD4
antigens; these data could suggest that the
phenotypic changes of AML blast cells, de-
tected at relapse, are related to maturational
changes. However, a detailed analysis of the
phenotypic changes observed in the present
study shows that, although in some cases they
were associated with maturational changes
(especially towards less differentiation in the
blast cells), in most cases they were not clearly
related to cell differentiation, or only involved
one antigen. Accordingly, other factors such
as the emergence of new cell clones or the
expansion at relapse of minor phenotypic sub-
populations already present at diagnosis could
be responsible for these later changes.

In this study it was especially attractive to
analyse whether the phenotypic changes ob-
served also affected the aberrant AML blast
cell phenotypes that could be used for the
detection ofminimal residual disease in patients
in complete remission. Six of the 16 patients
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showed aberrant phenotypes at diagnosis. At
relapse, no changes in the aberrant phenotypes
were detected in most of the patients; never-

theless in two of the four patients with asyn-

chronous antigen expression, resulting from
the absence of CD13 in one case and of CD33
in the other, this aberration disappeared on

relapse, since the myeloid leukaemic cells
acquired the antigen that was initially absent.
It should be mentioned that in one of these
cases the asynchronous absence of CD13 co-

existed with the presence of lineage infidelity,
and this later aberration remained unchanged.
In addition, at diagnosis in both cases there
was already a small blast cell subpopulation
showing the phenotype detected in the majority
of leukaemic cells on relapse.

Accordingly our results show that the "leuk-
aemic" phenotypes usually remained un-

changed, while other phenotypic features
frequently changed. Nevertheless the criterion
of asynchronous antigen expression may

change from diagnosis to relapse with a rel-
atively high frequency, suggesting that the use

of this criterion for the detection of minimal
residual disease could be unreliable and it
should be evaluated on the basis of the pheno-
type of each blast cell population detected at
diagnosis.

In summary, our study shows that phenotypic
changes in AML from diagnosis to relapse do
not present a major limitation for the im-
munological detection of minimal residual dis-
ease since, although individual antigenic
changes are frequent, they do not usually affect
the criteria used for the definition of a pheno-
type as "aberrant" or "leukaemic".
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