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The flow cytometric pattern of CD34, CD15 and CD13 expression in
acute myeloblastic leukemia is highly characteristic of the presence
of PML-RARa gene rearrangements
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Background and Objective. Rapid identification of
AML patients carrying the t(15;17) translocation for
treatment decision-making is currently made on the
basis of morphologic screening. However, the exis-
tence of both false positives and negatives highlights
the need for more objective methods of screening
AML cases and further molecular confirmation of the
t(15;17) translocation.

Design and Methods. In the present study we ana-
lyzed a total of 111 AML cases in order to investi-
gate whether immunophenotyping based on the
assessment of multiple-stainings analyzed at flow
cytometry could improve the sensitivity and specifi-
ty of morphologic identification of acute promyelo-
cytic leukemia (APL) carrying the t(15;17) translo-
cation. FISH analysis was used as a complementary
technique for cases in which morphology and mole-
cular biology yielded discrepant results.

Results. Concordant results between morphology
and RT-PCR were found in 102/111 (91.8%) cases:
34 patients had M3/PML-RARa+ and 68 non-
M3/PML-RARa– disease. Nine cases showed dis-
crepants results. Multivariate analysis showed that
the best combination of immunologic markers for
discriminating between M3/PML-RARa+ and non-
M3/PML-RARa– cases was that of the presence of
heterogeneous expression of CD13, the existence
of a single major blast cell population, and a char-
acteristic CD34/CD15 phenotypic pattern (p<0.02).
A score system based on these parameters was
designed, and the 34 M3/PML-RARa+ cases showed
a score of 3 (presence of the 3 phenotypic charac-
teristics). In contrast, only 1 out of the 68 (1.3%)
non-M3/PML-RARa– cases had this score, most of
these latter cases (53/68, 78%) scoring either 0 or
1. Therefore, among these cases, immunophenotyp-
ing showed a sensitivity of 100% and a specificity of
99% for predicting PML/RARa gene rearrangements.
Of the 9 cases in which morphology and molecular
biology results were discrepant, four cases displayed
M3 morphology without PML/RARa rearrangements

by RT-PCR. In only one of these 4 cases did the im-
munophenotype score 3, this being the only FISH
positive case. From the remaining five discrepant
cases (non-M3 morphology while positive for
PML/RARa) two cases had a phenotypic score of 3
and were FISH positive while the other three were
negative by FISH. Upon repeating RT-PCR studies,
two of these latter three cases became negative.

Interpretation and Conclusions. Our results show
that immunophenotyping may be of great value for
quick screening of APL with PML/RARa rearrange-
ments.
©1999, Ferrata Storti Foundation
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Acute myeloblastic leukemia (AML) with translo-
cation t(15;17) which involves the PML and
RARa genes, represents a well-defined sub-

group of AML-acute promyelocytic leukemias (APL)
which benefits from a specific therapeutic strategy
based on the combination of all-transretinoic acid
(ATRA) plus chemotherapy.1-6 Because of this, once
a diagnosis of AML has been established one of the
most important goals is to assess whether or not the
leukemic cells do carry the t(15;17) translocation.
Detection of t(15;17) can be currently performed
using conventional cytogenetics,7 FISH analysis8 and
molecular biology using the reverse transcriptase poly-
merase chain reaction (RT-PCR) and Southern-blot
hybridization.9 However, from the clinical point of
view these techniques still have several limitations the
most notable being that they are time-consuming and
thus treatment must be initiated without their results;
furthermore, some of these techniques are not avail-
able in all centers. It would, therefore, be of great val-
ue to have other approaches for rapid identification
of patients carrying the t(15;17) translocation. 

So far, the only such approach is morphology since
there is a very good correlation between M3 mor-
phology and the t(15;17) translocation. However, the
subjectivity of morphology analysis produce false pos-



itive diagnoses and false negative results. Additional-
ly, although t(15;17) translocation is one of the most
frequent structural chromosome abnormalities in
AML patients it is only present in a relatively low pro-
portion of AML cases, its incidence ranging from 6%
up to 38% depending on the geographical area.10

Because of this relatively low incidence, molecular con-
firmation of the PML/RARa gene involvement is not
generally investigated in all AML cases but on the
select cohort of patients that are morphologically
diagnosed as having M3 leukemias.1,4,5,6,11,12 Accord-
ingly, the availability of other more objective methods
of screening APL leukemias for further molecular con-
firmation would be of great value.

For more than 10 years a clear association between
FAB M3 morphology and the immunophenotype of
AML blast cells has been established. Blast cells in APL
usually co-express the myeloperoxidase (MPO), CD9,
CD13 and CD33 myeloid-associated markers in the
absence of reactivity for HLA-DR.13-15 In spite of this
association, AML patients displaying this phenotype
still form a heterogenous group of patients including
a substantial proportion of patients who do not dis-
play the t(15;17) translocation; moreover, a small pro-
portion of APL cases are HLA-DR+.13-16 Due to these
limitations immunophenotyping of AML blast cells
has been considered as a secondary diagnostic tool
with respect to morphology for the identification of
cases carrying the t(15;17) translocation and its use
has been almost exclusively restricted to supporting
the morphologic diagnosis of M3 variants (hypogran-
ular morphology).17-19 In recent years the availability of
antibody reagents directed against the PML protein
has shown that both the wild PML protein and the
PML-RARa fusion protein display  different immuno-
cytochemical patterns of staining which  directly cor-
relate with the molecular studies.20-23 However, dis-
crepant results have been reported regarding the
characteristic intracellular distribution of the fused
nuclear21,22 versus cytoplasmatic20-23 protein. More-
over, Falini et al.22 showed that in up to 8% of the
AML cases analyzed no staining was observed with
the anti-PML monoclonal antibody, these patients
being considered as false negative cases with respect
to the expected PML reactivity.

In parallel to reagent development important
advances have occurred in recent years regarding the
immunophenotypic characterization of leukemic cells
as a result of the possibility of performing multiple
stainings which allow the identification of leukemic
cells by distinguishing them from their normal coun-
terparts, and the specific analysis of leukemic cell dif-
ferentiation.18,19,24 In spite of this, to the best of our
knowledge no study has been performed in which the
sensitivity and specificity of multiparametric immuno-
phenotyping has been compared with conventional
morphologic criteria for the identification of cases car-
rying the t(15;17) translocation.

The aim of the present study was to evaluate the

immunophenotypic characteristics of AML patients
based on multiple stainings analyzed by flow cytome-
try in order to assess whether or not immunopheno-
typing improves the sensitivity and specificity of mor-
phology and provides a useful tool for the screening of
cases in which the t(15;17) translocation should be
systematically searched for by molecular techniques.

Design and Methods

Patients
A total of 111 patients (104 adults and 7 children)

whose BM samples were stored in the reference lab-
oratory of the University Hospital of Salamanca were
included in the present study. All patients had an
unequivocal diagnosis of de novo AML based on mor-
phologic, cytochemical25 and immunophenotypic cri-
teria.17 Sixty-eight patients were male and 43 were
female with a mean age of 51±21 years; the range
was from 6 to 87 years old. Two experts indepen-
dently assessed FAB morphology. All cases were stud-
ied at diagnosis.

Immunophenotyping studies
In all cases immunophenotyping studies were per-

formed at diagnosis on erythrocyte-lysed whole bone
marrow (BM) samples upon staining with monoclon-
al antibodies directly conjugated with fluorochromes.
Antigen expression was analyzed on a FACSort flow
cytometer (Becton Dickinson, San José, CA, USA) using
double and triple-stainings with the following combi-
nations of fluorochrome-conjugated monoclonal anti-
bodies (fluorescein isothiocyanate [FITC], phycoery-
thrin [PE] and either peridin chlorophyll protein [Per-
CP] or the PE/cyanide 5 [Cy5] fluorochrome tandem)
directed against surface antigens: CD15/CD117/
CD34, CD15/CD33/CD34, CD15/CD34/HLA-DR,
CD34/CD38/CD19, CD34/CD56/CD33, HLA-DR/
CD33/CD13, CD7/CD13/CD19, CD65/CD11b/CD4,
CD2/CD14/CD13,CD61/glycophorinA/CD45,CD10/
CD5/CD20 and CD71/CD11b. In addition the expres-
sion of MPO, CD79a and CD3 was also explored at
the cytoplasmic level.

Briefly, BM samples were obtained and immedi-
ately diluted in phosphate buffered saline (PBS) con-
taining K3 EDTA as anticoagulant in a 1/1 (vol/vol)
proportion. Afterwards, for surface antigenic stain-
ings, 200 µL of PBS-diluted BM samples, containing
between 0.5 and 13106 nucleated cells were placed
in each tube and incubated with the appropriate
combination of monoclonal antibodies for 10 min-
utes in the dark (room temperature). Once this incu-
bation period was finished, 2 mL of FACS lysing solu-
tion (Becton/Dickinson) diluted 1/10 (vol/vol) in dis-
tilled water were added to each tube and after vigor-
ous vortexing another incubation for 10 minutes in
the dark (room temperature) was performed. Cells
were then centrifuged (5 minutes at 540 g), washed
once in 2 mL of PBS/tube (5 minutes at 540 g) and
resuspended in 0.5 mL/tube of PBS.
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For the staining of cytoplasmic antigens (MPO,
CD79a and CD3) the Fix & Perm reagent from Calt-
ag Laboratories (San Francisco, CA, USA) was used.
Briefly, 50 µL of sample were incubated with 100 µL
of solution A from the Fix & Perm reagent for 15 min-
utes (room temperature). Afterwards, cells were
washed once in 2 mL of PBS/tube and resuspended
in 100 µL of an erythrocyte-lysing, leukocyte-perme-
abilizing solution (solution B from the Fix & Perm
reagent). In addition, 10 µL of anti-MPO-FITC, anti-
CD79a-PE and anti-CD3-PE/Cy5 were added and
cells incubated for another 15 minute period at room
temperature. Afterwards, cells were resuspended in 2
mL of PBS/tube, centrifuged (5 minutes at 540 g)
and resuspended in 0.5 mL of PBS.

The source and specificity of each monoclonal anti-
body used in the present study was as follows: CD34
(HPCA-2-PE, My10-FITC and HPCA-2 PerCP), CD15
(leu M1-FITC ), CD33 (leu M9-PE), HLA-DR (anti-
HLA DR-PerCP and anti-HLA DR-FITC), CD38 (leu
17-PE), CD56 (leu 19-PE), CD13 (leu M7-PE), CD7
(leu 9-FITC), CD2 (leu 5b-FITC), CD11b (leu 15-PE),
CD14 (leu M3-PE), CD45 (HLE-1-PerCP), CD10
(CALLA-FITC), CD5 (leu 1-PE), CD71 (anti-transfer-
rin receptor-FITC) and CD3 (leu 4-PerCP), were pur-
chased from Becton/Dickinson; CD117 (95C3-PE)
and glycophorin A (D2.10-PE) from Immunotech
(Marseille, France); CD19 (SJ25C1-PE/Cy5 ),CD33
(4D3-PE-Cy5), CD13 (TUK 1-PE-Cy5), CD65 (VIM
2-FITC), CD4 (53.5-PE/Cy5), MPO (H435-FITC)
and CD20 (HI47-PE-Cy5) were obtained from Calt-
ag Laboratories and CD61 (Y2/51-FITC) and CD79a
(HM57-PE) from Dako (Glostrup, Denmark).

Isotype-matched mouse non-specific immunoglob-
ulins and a tube stained for the CD3-FITC, CD4-PE
and CD8-PE-Cy5 antigens were used as negative and
positive controls, respectively.

Data acquisition was performed on a FACSort flow
cytometer (Becton/Dickinson) using the LYSIS II
sofware program (Becton/Dickinson). A minimum
of 15,000 events/tube from the total BM cellularity
were acquired. In order to make results comparable
between different days, careful instrument calibra-
tion and fluorescence compensation was performed
using both CALIBRITE beads (Becton/Dickinson)
and normal PB lymphocytes stained for CD3-FITC,
CD4-PE and CD8-PE/Cy5 as described elsewhere.26

The PAINT-A-GATE PRO software (Becton/Dickin-
son) was used for data analysis. Whenever necessary,
further stainings were made in a second step in order
to obtain specific information on the phenotypic
characteristics of leukemic cells. The following infor-
mation was specifically explored in leukemic cells for
each of the antigens analyzed: presence or absence,
fluorescence intensity and pattern of expression
(homogeneous versus heterogeneous). A pattern of
antigen expression was defined as heterogeneous if
the cells occupied more then one logarithmic decade
on the scale of fluorescence intensity. The presence of

two or more major blast cell subpopulations was
defined on the basis of the existence of phenotypically
different leukemic cell subsets which each represent-
ed more than 25% of all neoplastic cells for any of the
antigens analyzed except CD34.26

PCR amplification of PML/RARa transcripts
RNA was extracted from washed BM mononuclear

cells by the guanidium thiocyanate method of Chom-
czynski and Sacchi.27 Reverse transcription (RT) was
performed on 1 µL of total RNA, after heating at
70°C for 10 minutes with random hexamers as the
reaction primer. The reaction was carried out at 42°C
for 1h in a 20 µL volume containing 200 U of Super-
script II (Life Technologies Inchinnan, Scotland, UK)
according to the manufacture's instructions. Subse-
quently, 5 µL of RT products were used for two-step
PCR analysis according to the guidelines proposed by
Biondi et al.28 PCR conditions were as follows: reac-
tion volume of 100 µL containing 1.5 mmol/L MgCl2,
50 mmol/L KCl, and 10 mmol/L Tris HCl; pH 8.8;
200 µmol/L dNTP, 2.5 U of Taq DNA polymerase
and 30 pmol of each primer. Primers used were M4,
M2, R5 and R8, as previously described.28

PCR was performed in a Gene-Amp PCR System
9600 thermocycler (Perkin Elmer, Foster City, CA,
USA). After an initial denaturation at 95°C for 5 min-
utes, denaturation, annealing and extension were car-
ried out at 95°C for 1 minute, 55°C for 1 minute
and 72°C for 1 minute, respectively, for a total of 30
cycles, with the last extension at 72°C lasting for 10
minutes. The first PCR was performed with the M4
primer (bcr 3 breakpoint) or M2 (bcr 1 or bcr 2
breakpoint) as 5' primers and the R5 as 3’ primer. For
the second-round PCR, the system used was the same
as for the first round except that 5 µL of the first-PCR
product were used instead of the RT product and the
substitution of R5 primer for the nested primer (R8).
Finally, 20 µL of the PCR product were electro-
phoresed on a 2% Nu Sieve agarose gel stained with
ethidium bromide and visualized under UV light. Two
negative controls (one with non-APL RNA and one
without RNA) and one positive control APL sample
were included in each experiment. The integrity of the
RNA preparation was assessed by amplification of
normal RARa as previously described by Borrow et
al.29 In order to exclude false positive or negative
results, those samples with discrepancies between
RT-PCR and morphology underwent to new RT-PCR
assays using a different whole BM aliquot. Moreover,
Southern blot analysis with the H18 and RARa-
cDNA probes was carried out on these samples, as
previously described.30

FISH studies
In those de novo AML cases in which discrepant

results were found between morphology and the RT-
PCR techniques, FISH analysis for the t(15;17) translo-
cation was performed. For that purpose the LSI-
PML/RARa dual color probe (Vysis Inc., Downers
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Grove, IL, USA) was used. The PML probe stained with
spectrum orange begins in intron 7, a span of 5.8 Kb
and extends centromericly on chromosome 15 approx-
imately 180 Kb. The RARa probe begins less than 6 Kb
3’ to intron 2 and extends approximately 400 Kb telo-
merically on chromosome 17. Accordingly, the com-
bination of both probes covers the three break-point
clusters (bcr 1, bcr 2 and bcr 3) within the region of 13
Kb of the PML gene on chromosome 15.

Prior to hybridization 1 µL of probe solution (Vysis)
was mixed with 7 mL of LSI hybridization buffer
(Vysis) and 2 µL of distilled water, centrifuged for 2
seconds and heated for 5 minutes in a 74±1°C water
bath for denaturating purposes.

FISH analysis was performed on cells from BM
samples prepared according to conventional cytoge-
netic techniques. Briefly, the slides containing fixed
cells were immersed in a denaturating bath (70% for-
mamide in 2x SSC buffer placed at 74±1°C) for 5
minutes and then dehydrated according to previous-
ly reported techniques7,8 and dryed. Afterwards, slides
were warmed to 45-50°C for 2 minutes and 10 uL of
the denaturated probe-mix was applied to each slide.
Hybridization was then allowed to take place by incu-
bating the slide overnight (16 hours) in a pre-warmed
humidified box placed in a 37°C incubator. Once
this incubation period was finished, slides were
washed 3 times (3310 minutes) in 50% formamide in
23 SSC (pH=7.0) at 46°C. Another wash for 10 min-
utes in 23 SSC (pH =7.0) was then performed at
room temperature. Finally, the slides were washed
for 5 minutes (room temperature) in 23 SSC con-
taining 0.1% of Tween 20 (Sigma, St. Louis, MO,
USA). The slides were then allowed to dry and 10 µL
of a counterstaining solution containing 75 ng/mL of
DAPI (Sigma) and 20 mg/mL of 1,4 -diazobicyclo-
2,2,2-octane (Sigma) used as an antifading agent
were added to each slide.

Fluorescence signals were evaluated using a DMRX
fluorescence microscope (Leica, Wetzlar, Germany)
and a minimun of 200 cells/sample were analyzed
including both interphase nuclei and metaphases. For
all slides measured the number of unhybridized cells
in the areas assessed was lower than 1% and only
those spots with similar size, intensity and shape were
counted. Cells with fusion or juxtaposed green and
red signals were interpreted as positive for t(15;17).

Statistical methods
The relative frequencies of all the phenotypic vari-

ables included in the present study were calculated.
Comparisons between groups were performed using
the chi-square test and p values lower than 0.01 were
considered to be associated with statistically signifi-
cant differences (SPSS 5.0 Inc., Chicago, IL, USA).

For the assessment of the power of immunophe-
notypic criteria for discrimination between APL and
non-APL cases (based on the presence or absence of
PML/RARa transcripts) multivariate analysis was

performed using a logistic regression model with the
forward stepwise option and a probability compari-
son test (SPSS 5.0 Inc.). The immunophenotypic vari-
ables included in the multivariate analysis were those
displaying statistical significant differences in the
unvariate study.

Results
Of the 111 de novo AML cases included in the pre-

sent study 38 displayed an M3 morphology (34 cas-
es were typical M3 and four were considered hypo-
granular M3 variants). Of the remaining 73 cases, 9
corresponded to M0, 13 to M1, 19 to M2, 10 to M4,
6 to M4Eo, 8 to M5a, 4 to M5b and 4 to M6. Initially,
molecular studies showed the presence of the
PML/RARa RNA transcript in a total of 39 out of the
111 patients (35%). Of them, 34 corresponded to
AML cases with an M3 morphology, and the remain-
ing 5 cases were classified as having M0 (2 cases), M1
(one case) and M2 (2 cases) leukemias. Accordingly,
four different groups of patients could be established
on the basis of the results obtained with both mor-
phologic and molecular biology techniques. In the
two major groups there was concordance between
both methods: 1) M3 cases being PML/RARa+

(n=34); and 2) non-M3/PML/RARa– cases (n=68);
the remaining two groups included cases in which
morphology and RT-PCR studies showed discrepant
results; 3) M3 morphology with negativity for the
PML/RARa transcripts (n=4); and 4) non-M3/PML-
RARa+ AML cases (n=5). RT-PCR studies were
repeated in all the cases from these latter two groups
of patients confirming the initial findings in all cases
except for one M0 and one M1 patient who were ini-
tially PML/RARa+ but became negative in the second
and third analyses.

For the analysis of the immunophenotypic charac-
teristics of the 111 AML patients, we first divided the
series into two groups: the M3/PML-RARa+ and non-
M3/PML-RARa– cases (Table 1). In the former group
the leukemic blast cells showed the following com-
mon characteristics: 1) homogeneous expression of
CD33-PE in all blast cells (82% of the cases) (Figure
1B); 2) reactivity for CD13-PE in all leukemic cells
but with a heterogeneous pattern of expression
(100% of cases) (Figure 1C); 3) a singular pattern of
expression for the CD34-PE/CD15-FITC antigens in
which leukemic cells lose CD34 before they acquire
CD15 expression, and the blast cells never acquire
high levels of CD15 (100% of the cases) (Figure 1D
and E); 4) absence of reactivity for HLA-DR-FITC
(91% of the patients) (Figure 1B) and 5) presence of
a single major blast cell population which may be
defined by these antigens (100% of the cases). Inter-
estingly, in the non-M3/PML-RARa negative cases the
incidence of each of the five immunophenotypic
characteristics mentioned above was significantly
lower (p<0.00001) (Table 1).

Multivariate analysis showed that the best combi-
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nation of variables to discriminate between M3/PML-
RARa+ and non-M3/PML-RARa– cases was that of the
CD34/CD15 phenotypic pattern (p<0.00001), the
expression of CD13 (p<0.00001) and the presence of
a single major blast cell subset (p<0.002) (Table 1).
When a score system based on these three parameters
was applied to the two major groups of AML patients
established on the basis of the morphologic (M3 ver-
sus non-M3) and molecular results (PML-RARa+ ver-
sus PML-RARa–) we found that all 34 M3/PML-RARa+

cases had a score of 3 while only 1 out of the 68 (1.3%)
non-M3/PML-RARa– cases had this score. Most of the
other cases (53/68, 78%) scored either 0 or 1 (Table
2). Therefore among these cases, immunophenotyp-

ing had a sensitivity of 100% and a specificity of 99%
for predicting PML/RARa gene rearrangements. With-
in the 9 cases in which morphology and molecular
biology were initially discrepant, four cases displayed
M3 morphology without PML/RARa gene rearrange-
ments by RT-PCR (Table 2). In only one of these 4
cases was the score 3. Of the five cases with non-M3
morphology which were PML/RARa+, two cases had
a phenotypic score of 3 (Table 2). Table 3 shows the
results obtained with the FISH technique for the analy-
sis of the t(15;17) translocation in all these 9 cases
with discrepant morphologic and molecular findings.
As shown in it, FISH studies were positive only in those
three cases with an immunophenotypic score of 3
while the remaining 6 cases were negative. As men-
tioned earlier, in all these 9 cases molecular biology
studies using RT-PCR were repeated using different
aliquot samples. In these repeated experiments, only
three out of the 5 non-M3/PML-RARa+ patients
remained constantly positive while the other two cas-
es became negative. These latter two cases were
patients with an immunophenotypic score of 1 (Table
3). In contrast, the four M3/PML-RARa– cases were
repeatedly negative for the PML-RARa transcript, but
one of them, with a score of 3 by immunophenotyp-
ing, showed a rearranged RARa gene by Southern blot
analysis.

Discussion
At present, BM morphology is still commonly used

as the only diagnostic tool for treatment decision-
making in APL although the accuracy of morphology

Table 1. Comparative analysis of the immunophenotypic
characteristics of M3/PML-RARa+ and non-M3/PML-RARa–

AML cases: results of the uni- and multivariate studies.

M3/ non-M3/ uni- multi-
PML-RARa+ PML-RARa– variate variate

n=34 n=68 analysis analysis
p value p value

Typical CD34/CD15 100% 21% <0.00001 <0.00001
pattern

CD13+ heterogeneous 100% 34% <0.00001 <0.00001

One major blast 100% 56% <0.00001 <0.002
cell subset

HLA-DR– 91% 24% <0.00001 <0.03

CD33+ homogeneous 82% 34% <0.00001 <0.19

Figure 1. Characteristic immunophenotypic features of M3/PML-RARa+ AML blast cells (red dots) as compared to other PML-
RARa– cases (black  dots). Expression of CD33-PE and HLA-DR-FITC (B), CD13-PE (C) and pattern of blast cell differentiation
for the CD34-PE/CD15-FITC antigens in two different patients (D&E). Panels A and F show an isotype-matched negative con-
trol: note the increased baseline fluorescence levels displayed by the leukemic blast cells of an M3/PML-RARa+ case.
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is considered to be insufficient.9,22 Thus, demonstra-
tion of a PML-RARa rearrangement as a result of the
t(15;17) translocation is mandatory due to the sensi-
tivity of APL to ATRA treatment.1-6 As a matter of fact
a recent study by Tallman et al.12 showed that 40% of
the cases that were diagnosed as M3 leukemia and in
which ATRA treatment was started were then shown
to be PML-RARa–, which would correspond to false
positive cases by morphology, and subsequently these
patients, had to interrupt ATRA treatment. In a Span-
ish trial, the reported incidence of false positive APL
based on morphology (M3) was 14%.11 To the best of
our knowledge, few studies using molecular analysis
have been performed to assess the incidence of false
negative cases by morphology, in order to exclude,
among the non-M3 leukemias, the presence of some
PML-RARa+, also showing the existence of false neg-
ative cases by morphology.

In the present study, the simultaneous assessment
of BM morphology and the PML-RARa transloca-
tion in a group of 38 M3 leukemias and 73 consecu-
tive AML cases with a non-M3 morphology showed
that, although in most cases (91.8%) agreement is
observed between both methods, there is also a small

proportion of M3 cases (10.5%) which do not have
the PML-RARa transcript, as well as cases with non-
M3 morphology that are PML-RARa+ based on diag-
nosis by RT-PCR techniques (6.8% of all the non-M3
cases). This supports the notion22 that not only false
positive but also false negative cases may exist if mor-
phology is taken as the single tool for treatment deci-
sion making and to select cases who are candidates
for further molecular studies.

For a long time APL has been shown to display a
characteristic phenotype which has been mainly asso-
ciated with the co-expression of pan-myeloid mark-
ers such as CD13 and CD33 in the absence of reac-
tivity for the HLA-DR antigen.13-16 However, both
HLA-DR+ APL and HLA-DR– AML displaying mor-
phologic characteristics distinct from those of M3
leukemias have been shown to exist, which suggests
that immunophenotyping has a limited value as a
primary diagnostic tool in APL.17-19,31

However, nowadays, the immunophenotypic char-
acterization of blast cells should no longer be based
merely on the presence or absence of an antigen, since
multiparametric analysis using multiple simultaneous
stainings analyzed by sensitive flow cytometric meth-
ods also provides information on the pattern of anti-
gen expression and may facilitate the identification of
particular phenotypic profiles which allow a more
comprehensive characterization of leukemic cells.18,24

Thus, we have shown that a high proportion of AML
patients display leukemia-associated phenotypes, which
are distinct from normal progenitor myeloid cells.32 A
possible explanation for these phenotypic aberrations
displayed by leukemic cells might be the presence of
genetic abnormalities that alter the normal pattern of
surface antigen expression. In this hypothesis, specif-
ic genetic alterations would be reflected by the exis-
tence of characteristic phenotypic features. Accord-
ingly, the aberrant expression of different markers on
AML blast cells has been associated with specific
genetic abnormalities such as inv-16,33-36 t(8;21)37,38

and t(15;17)39,40 among others.24,41,42 Based on these
findings, we explored whether a particular immuno-
phenotype could be specific and sensitive enough to
be of utility in the initial screening of cases with PML-
RARa gene rearrangements in order to have a rapid
tool, complementary to morphology, for diagnosis of
APL which would increase the accuracy of the treat-
ment decision-making process. For this purpose we
used a large panel of monoclonal antibodies in dou-
ble and triple-staining combinations and a similar
approach to that currently used for the investigation
of phenotypic aberrations to detect minimal residual
disease in AML patients.32 Accordingly, the immuno-
phenotypic characterization of AML was performed
after the specific identification of leukemic blast cells.
In addition, for each antigen, information was
obtained not only on its presence/absence but also
on its pattern of expression (i.e. fluorescence intensi-
ty, homogeneity/heterogeneity). Using this strategy we

Table 2. Immunophenotypic score of AML cases grouped
according to the morphological diagnosis and RT-PCR stud-
ies for the PML-RARa gene rearrangements.

Score M3/ M3/ non-M3/ non-M3/

PML-RARa+ PML-RARa– PML-RARa+ PML-RARa–

0 – 1 – 15

1 – 1 2 38

2 – 1 1 14

3 34 1 2 1

Total cases 34 4 5 68

Table 3. AML cases with discrepant morphology and RT-
PCR results: immunophenotypic score, FISH analysis and
results of confirmatory PCR studies.

Immunophenotypic FAB FISH Confirmatory
score PCR

M3/PML-RARa–

Case 23308 0 classic M3 – –
Case 26810 1 classic M3 – –
Case 20968 2 classic M3 – –
Case 26584 3 classic M3 + –*

non M3/PML-RARa+

Case 18711 1 M1 – –
Case 21339 1 M0 – –
Case 21303 2 M0 – +
Case 21365 3 M2 + +
Case 28012 3 M2 + +

*positive by Southern-blot hybridization.
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found that APL cases with an M3 morphology and
PML-RARa translocation displayed characteristic fea-
tures such as a homogeneous expression of CD33-PE
and a heterogeneous reactivity for CD13-PE (both
markers being positive in all leukemic cells) together
with a characteristic differentiation pattern for the
CD34-PE/CD15-FITC antigens. In additon, most cas-
es were HLA-DR negative, as previously described,13-16

and displayed a single major blast cell subpopulation
for all the antigens explored except CD34. Multivari-
ant analysis showed that the pattern of CD34/CD15
and CD13 expression together with the number of
major blast cell subsets was the best combination of
variables for distinguishing between M3/PML-RARa+

and non-M3/PML-RARa– AML cases. Indeed, the sen-
sitivity of immunophenotyping for selecting PML-
RARa+ cases was 100% and the specificity 99%. 

The subsequent step was to explore the immuno-
phenotype of the AML cases in which discrepant
results were produced by morphology and molecular
biology techniques. Our results showed that in 3 out
of the 4 M3/PML-RARa– negative cases immunophe-
notyping supported the molecular findings, while in
the fourth patient the immunophenotype was in
agreement with an M3 morphology but not with the
absence of PML-RARa. FISH studies supported the
immunophenotypic findings in all these 4 discrepant
cases since the presence of PML/RARa was confirmed
by FISH analysis on metaphase and interphase cells in
only the fourth case mentioned above. Moreover,
although confirmatory PCR was repeatedly negative
in this case, Southern-blot analysis showed the exis-
tence of a RARa gene rearrangement at the DNA lev-
el. Among the 5 non-M3 cases which were initially
PML-RARa+ immunophenotyping supported the mol-
ecular diagnosis in two patients, who at the same
time, were positive for the t(15;17) by FISH. By con-
trast, immunophenotyping supported the morpho-
logic results in the remaining three cases none of which
showed the t(15;17) by FISH. After repeating molec-
ular biology studies, two of these last three cases were
shown to be PML-RARa negative thus being  consid-
ered as false positive cases at the initial PCR, presum-
ably due to sample contamination. In fact, as men-
tioned above, FISH studies confirmed the absence of
t(15;17) in these two patients. Thus, a discrepancy
remained between PCR(+) and morphology (M0),
FISH(–) and immunophenotype (score 2) in one case
(case 21303). Further studies are necessary in order to
elucidate the reasons underlying such discrepancies.

In summary, our results show that the combined
use of three phenotypic criteria (presence of a single
major blast cell population, heterogeneous reactivity
for CD13 and the pattern of expression of CD34/
CD15) has great sensitivity (100%) and specificity
(99%) for the screenning of those AML cases in which
molecular investigation of the PML-RARa gene
rearrangements should be performed. Further
prospective studies in larger series of AML patients are
necessary to confirm our observations.

Contributions and Acknowledgments
AO designed the study, interpreted the final results and

wrote the article. MCC carried out the RT-PCRs of all sam-
ples. AMB and MCL-B analyzed and reviewed all immuno-
phenotypic studies. RG-S interpreted all PCRs and performed
the statistical analysis. He and MG were responsible for the
PCR laboratory and clinical management, and contributed in
the writing of the paper and literature review. MAG-M was
responsible for the morphologic review. MDT and AIR carried
out the FISH analyses, together with JH-R, who was, in addi-
tion, responsible for the conventional cytogenetics. JFSM was
the main coordinator of the group and he reviewed the article
to obtain the final form in which it was sent for submission. The
order tries to take into account the time, work and scientific
contribution of all authors.

Funding
This work was partially supported by a grant from “Fondo

de Investigaciones Sanitarias del Ministerio de Sanidad y Con-
sumo” number 98/1156, Madrid, Spain. A. Bortoluci is a
recipient of a Grant from the “Instituto de Cooperación
Iberoamericana”, Madrid, Spain.

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlapping with

previous papers.

Manuscript processing
Manuscript received November 13, 1998; accepted Janu-

ary 20, 1999.

References

1. Avvisati G, Lo Coco F, Diverio D, et al. AIDA (all-trans-
retinoic acid + idarubicin) in newly diagnosed acute
promyelocytic leukemia: A Gruppo Italiano Malattie
Ematologiche Maligne dell’Adulto (GIMEMA) pilot
study. Blood 1996; 88:1390-8.

2. Fenaux P, Chastang CI, Sanz M, et al. Effect of ATRA in
newly diagnosed acute promyelocytic leukemia (APL):
validation of short term effect in a large multicenter tri-
al (APL 93 Trial) and assessment of long term benefit
(APL 91 Trial) [abstract]. Blood 1996; 88: (Suppl 1):
209a.

3. Fenaux P, Le Deley MC, Castaigne S, et al. Effect of all-
trans-retinoic acid in newly diagnosed acute promyelo-
cytic leukemia: Results of a multicenter randomized tri-
al. Blood 1993; 82:3241-9.

4. Frankel SR, Eardley A, Heller G, et al. All-trans retinoic
acid for acute promyelocytic leukemia: results of the
New York Study. Ann Intern Med 1994; 120:278-86.

5. Kanamaru A, Takemoto Y, Tanimoto M, et al. All-trans
retinoic acid for the treatment of newly diagnosed acute
promyelocytic leukemia. Blood 1995; 85:1202-6.

6. Mandelli F, Diverio D, Avvisati G, et al. Molecular
remission in PML-RARa-positive acute promyelocytic
leukemia by combined all-trans-retinoic acid and idaru-
bicin (AIDA) therapy. Blood 1997; 90:1014-21.

7. Rowley JD, Golomb HM, Dougherty C. 15/17 translo-
cation, a consistent chromosomal change in acute
promyelocytic leukemia [letter]. Lancet 1977; 1:549-
50.

8. Fagioli M, Alcalay M, Pandolfi PP, et al. Alternative
splicing of PML transcripts predicts coexpression of sev-
eral carboxy-terminally different protein isoforms.



412

Oncogene 1992; 7:1083-91.
9. Miller WH Jr, Kakizuka A, Frankel SR, et al. Reverse tran-

scription polymerase chain reaction for the rearranged
retinoic receptor a clarifies diagnosis and detects min-
imal residual disease in acute promyelocytic leukemia.
Proc Natl Acad Sci USA 1992; 89: 2694-8.

10. Douer D, Preston-Martin S, Chang E, et al. High fre-
quency of acute promyelocytic leukemia among Latinos
with acute myeloid leukemia. Blood 1996; 87: 308-13.

11. Sanz MA, Martin G, Diaz-Mediavilla J. All-trans-retinoic
acid in acute promyelocytic leukemia [letter]. N Engl J
Med 1997; 338:393.

12. Tallman MS, Andersen JW, Schiffer CA, et al. All-trans-
retinoic acid in acute promyelocytic leukemia. N Engl J
Med 1997; 337:1021-8.

13. Betz SA, Foucar K, Head DR, et al. False-positive flow
cytometric platelet glycoprotein IIb/IIIa expression in
myeloid leukemias secondary to platelet adherence to
blasts. Blood 1992; 79:2399-403.

14. Lo Coco F, Avvisati G, Diverio D, et al. Rearrangements
of the RARa gene in acute promyelocytic leukemia: Cor-
relations with morphology and immunophenotype. Br
J Haematol 1991; 78:494-9.

15. Paietta E, Andersen J, Gallagher R, et al. The immu-
nophenotype of acute promyelocytic leukemia (APL):
An ECOG study. Leukemia 1994; 8:1108-12.

16. San Miguel JF, González M, Cañizo MC, et al. Surface
marker analysis in acute myeloid leukemia and correla-
tion with FAB classification. Br J Haematol 1986; 64:
547-60.

17. Bene MC, Castoldi G, Knapp W, et al. and the Euro-
pean Group for the Immunological Characterization of
Leukaemias. Proposals for the immunological classifi-
cation of acute leukemias. Leukemia. 1995; 9:1783-6.

18. Rothe G, Schmitz G for the Working Group on Flow
Cytometry and Image Analysis and members of the edi-
torial committee: Adorf D, Barlage S, Gramatzki M et al.
Consensus protocol for the flow cytometric immuno-
phenotyping of hematopoietic malignancies. Leukemia
1996; 10:877-95.

19. Ruiz-Arguelles A, Duque RE, Orfao A. Report on the
first Latin-American consensus conference for flow
cytometric immunophenotyping of leukemia. Cytome-
try 1998; 34:39-42.

20. Daniel MT, Koken M, Romagne O, et al. PML protein
expression in hematopoietic and acute promyelocytic
leukemia cells. Blood 1993; 82:1858-67.

21. Dyck JA, Warrell RP, Evans RM, et al. Rapid diagnosis
of acute promyelocytic leukemia by immunohisto-
chemical localization of PML/RARa protein. Blood
1996; 86:862-7.

22. Falini B, Flenghi L, Fagioli M, et al. Immunocytochem-
ical diagnosis of acute promyelocytic leukemia (M3)
with the monoclonal antibody PG-M3 (anti-PML).
Blood 1997; 90:4046-53.

23. Koken MHM, Puvion-Dutilleul F, Guillemin MC, et al.
The t(15;17) translocation alters a nuclear body in a
retinoic acid-reversible fashion. EMBO J 1994; 13:
1073-83.

24. Borowitz MJ, Bray R, Gascoyne R, et al. U.S.-Canadian
consensus recommendations on the immunopheno-
typic analysis of hematologic neoplasia by flow cytom-
etry: data analysis and interpretation. Cytometry 1997;
30:236-44.

25. Bennett JM, Catovsky D, Daniel MT, et al. Proposed
revised criteria for the classification of acute myeloid
leukemia: a report of the French-American-British

Cooperative Group. Ann Int Med 1985; 103:620-5.
26. Macedo A, Orfao A, Vidriales MB, et al. Characteriza-

tion of aberrant phenotypes in acute myeloblastic
leukemia. Ann Hematol 1995; 70:189-94.

27. Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chlo-
roform extraction. Anal Biochem 1987; 162:156-9.

28. Biondi A, Rambaldi A, Pandolfi PP, et al. Molecular
monitoring of the myl-retinoic acid receptor-a fusion
gene in acute promyelocytic leukemia by polymerase
chain reaction. Blood 1992; 80:492-7.

29. Borrow J, Goddard AD, Gibbons B, et al. Diagnosis of
acute promyelocytic leukaemia by RT-PCR: detection of
PML-RARa and RARa-PML fusion transcripts. Br J
Haematol 1992; 82:529-40.

30. Diverio D, Lo Coco F, D’Adamo F, et al. Identification
of DNA rearrangements at the retinoic acid receptor-a
(RAR-a) locus in all patients with acute promyelocytic
leukemia (APL) and mapping of APL breakpoints with-
in the RAR-a second intron. Blood 1992; 79:3331-6.

31. Davis BH, Foucar K, Szczarkowski W, et al. US-Cana-
dian consensus recommendations on the immuno-
phenotypic analysis of hematologic neoplasia by flow
cytometry: medical indications. Cytometry 1997; 30:
249-63.

32. San Miguel JF, Martínez A, Macedo A, et al. Immuno-
phenotyping investigation of minimal residual disease
is a useful approach for predicting relapse in acute
myeloid leukemia patients. Blood 1997; 90:2465-70.

33. Adriaansen HJ, Jacobs BC, Kappers-Klunne MC, et al.
Detection of residual disease in AML patients by use of
double immunological marker analysis for terminal
deoxynucleotidyl transferase and myeloid markers.
Leukemia 1993; 7:472-81.

34. Haferlach T, Gassmann W, Loffler H, et al for the AML
Cooperative Group Clinical aspects of acute myeloid
leukemias of the FAB types M3 and M4Eo. Ann Hema-
tol 1993; 66:165-70.

35. Larson RA, Williams SF, Le Beau MM, et al. Acute
myelomonocytic leukemia with abnormal eosinophils
and inv(16) or t(16;16) has a favorable prognosis.
Blood 1986; 68:1242-9.

36. Paietta E, Wrenik PH, Andersen J, et al. Acute myeloid
leukemia M4 with inv(16) (p13q22) exhibits a specific
immunophenotype with CD2 expression [letter]. Blood
1993; 82:2595.

37. Hurwitz CA, Raimondi SC, Head D, et al. Distinctive
immunophenotypic features of t(8;21)(q22;q22) acute
myeloblastic leukemia in children. Blood 1992; 80:
3182-8.

38. Kita K, Nakase K, Miwa H, et al. Phenotypical charac-
teristics of acute myelocytic leukemia associated with
the t(8:21)(q22:q22) chromosomal abnormality: Fre-
quent expression of immature B-cell antigen CD19
together with stem cell antigen CD34. Blood 1992;
80:470-7.

39. Claxton DF, Reading CL, Nagarajan L, et al. Correlation
of CD2 expression with PML gene breakpoints in
patients with acute promyelocytic leukemia. Blood
1992; 80: 582-6.

40. Rovelli A, Biondi A, Rajnoldi AC, et al. Microgranular
variant of acute promyelocytic leukemia in children. J
Clin Oncol 1992; 10:1413-8.

41. Foon KA, Todd RF. Immunologic classification of
leukemia and lymphoma. Blood 1986; 68:1-31.

42. Traveek ST. Immunophenotypic analysis of acute
leukemia. Am J Clin Pathol 1993; 99:504-12.

A. Orfao et al.




