
Immunocytochemical Diagnosis of Acute Promyelocytic Leukemia (M3) With
the Monoclonal Antibody PG-M3 (Anti-PML)

By BrunangeloFalini, LeonardoFlenghi, Marta Fagioli, FrancescoLo Coco, Iole Cordone, Daniela Diverio,
Laura Pasqualucci, AndreaBiondi, Daniela Riganelli, AnnetteOrleth, ArcangeloLiso, MassimoF. Martelli,

Pier-Giuseppe Pelicci, and Stefano Pileri

Acute promyelocytic leukemia (APL) is characterized by a PML/RARa fusion protein (usually ı50 small granules/per
reciprocal 15;17 chromosomal translocation, which fuses nucleus) was observed in APL (M3) samples, but not in other
the promyelocytic leukemia (PML) and retinoic acid receptor types of acute nonlymphoid leukemias. Immunocytochemi-
a (RARa) genes, leading to the expression of the PML/RARa cal labeling with PG-M3 was particularly useful in the diag-
fusion oncoprotein. Immunocytochemical labeling of the nosis of microgranular variant of APL (M3V) (three cases
wild-type PML protein with the PG-M3 monoclonal antibody misdiagnosed as M4 and M5), and also to exclude a morpho-
(MoAb) directed against the amino terminal portion of the logic misdiagnosis of APL (six of 78 cases). In all cases inves-
human PML gene product, produces a characteristic nuclear tigated, immunocytochemical results were in agreement
speckled pattern that is due to localization of the protein with those of reverse transcription-polymerase chain reac-
into discrete dots (5 to 20 per nucleus), named PML nuclear tion (RT-PCR) for PML/RARa. Because the epitope identified
bodies. The architecture of PML nuclear bodies appears to by PG-M3 is located in the aminoterminal portion of PML
be disrupted in APL cells that bear the t(15;17), thus resulting (AA 37 to 51), the antibody was suitable for recognizing APL
in a change of the nuclear staining pattern from speckled cases characterized by breakpoint occurring at different sites
(wild-type PML protein) to microgranular (PML-RARa fusion of PML (bcr 1, bcr 2 and bcr 3). In conclusion, immunocyto-
protein). To assess whether the PG-M3 MoAb could assist

chemical labeling with PG-M3 represents a rapid, sensitive,in the diagnosis of APL (M3), bone marrow and/or peripheral
and highly-specific test for the diagnosis of APL that bearsblood samples from 100 cases of acute nonlymphoid leuke-
the t(15;17). This should allow an easy and correct diagnosismias of different subtypes were blindly immunostained with
of this subtype of acute leukemia to any laboratory providedthe PG-M3 MoAb, using the immunoalkaline phosphatase
with a minimal equipment for immunocytochemistry work.(APAAP) or immunofluorescence technique as detection sys-
q 1997 by The American Society of Hematology.tem. Notably, the abnormal (micropunctate) pattern of the

A nucleus), that had been previously recognized as ND1012 atCUTE PROMYELOCYTIC leukemia (APL) is charac-
terized by the reciprocal 15;17 chromosomal translo- immunocytochemistry and named nuclear bodies at electron

cation, which fuses the promyelocytic leukemia (PML) and microscopy.13 The PML nuclear bodies are multimolecular
retinoic acid receptor a (RARa) genes.1,2 The PML complexes of unknown function that, in addition to PML,
breakpoints in APL can occur in three different sites: intron contain other recently characterized proteins (Sp100,
6 (bcr 1 or long form), exon 6 (bcr 2 or variable form), and NPD52, PIC 1, Int-6).8-10,14-16 The architecture of these nu-
intron 3 (bcr 3 or short form). The most frequent sites are clear domains is disrupted in APL cells bearing the t(15;17),
bcr 1 and bcr 3, bcr 2 being observed in only 10% to 15% resulting in the loss of the speckled pattern (typical of wild-
of cases.2 The result of the translocation is the generation of type PML) and its substitution with many, small nuclear
a novel PML/RARa fusion protein that is thought to play a dots (microgranular positivity), where PML/RARa and PML
key role in the pathogenesis of APL, possibly interfering proteins appear to colocalize.8-10 Delocalization of PML in
with the endogenous signalling pathways of both PML and APL cells is probably the result of PML/RARa-PML hetero-
RARa.3-6

dimer formation.17 Notably, the microgranular positivity typ-
We and others7-11 have provided evidence that the wild- ical of the APL phenotype can be reversed into the wild-

type PML protein is located within the nucleus where it type speckled pattern following treatment of APL cells with
displays a typical speckled staining pattern due to localiza- all-trans–retinoic acid (ATRA) that promotes differentiation
tion of the protein into discrete, large dots (5 to 20 per of leukemic blasts into normal cells.7-10

Several investigators7,18 have previously shown that APL
can be rapidly and accurately diagnosed by immunohisto-From the Institutes of Hematology and Internal Medicine, Univer-

sity of Perugia, Perugia; Institute of Hematology, University ‘‘La chemical localization of the PML/RARa fusion protein
Sapienza,’’ Rome; Institute of Pediatry, Ospedale S. Gerardo, (characterized by microgranular positivity). These studies
Monza; Institute of Pathology, University of Bologna, Bologna; Eu- were performed using polyclonal anti-PML antibodies that
ropean Institute of Oncology, Department of Experimental Oncol- are prone to problems of nonspecific reactivity, variations
ogy, Milan, Italy.

between different samples, and limited availability.Submitted December 16, 1996; accepted July 9, 1997.
In this report, a large number of acute nonlymphoid leuke-Supported by AIRC (Associazione Italiana Ricerca Cancro) Mi-

mias (ANLL) were stained with the PG-M3 monoclonal anti-lan, Italy and CNR (progetto finalizzato 4 ACRO) Italy.
Address reprint requests to Brunangelo Falini, MD, Istituto di body (MoAb), that was recently raised in our laboratory

Ematologia, Policlinico, Monteluce, 06100 Perugia, Italy. against the amino terminal portion of the wild-type human
The publication costs of this article were defrayed in part by page PML protein.11 Aim of the study was to assess whether the

charge payment. This article must therefore be hereby marked
immunocytochemical recognition of the abnormal micro-‘‘advertisement’’ in accordance with 18 U.S.C. section 1734 solely to
granular pattern of the PML/RARa fusion protein using theindicate this fact.
PG-M3 MoAb could serve as a reliable test for the diagnosisq 1997 by The American Society of Hematology.

0006-4971/97/9010-0023$3.00/0 of APL (M3) bearing the t(15;17).

4046 Blood, Vol 90, No 10 (November 15), 1997: pp 4046-4053

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/10/4046/1413634/4046.pdf by guest on 18 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V90.10.4046&domain=pdf&date_stamp=1997-11-15


IMMUNODIAGNOSIS OF APL WITH ANTI-PML MOAB PG-M3 4047

Glostrup, Denmark) and the APAAP complexes. To increase sensi-MATERIALS AND METHODS
tivity of the method, steps 2 and 3 were repeated ones. All steps

The PG-M3 (anti-PML) Monoclonal Antibody were for 30 minutes with washes in 0.05 mol/L Tris-buffered-saline
(TBS), pH 7.6. The alkaline phosphatase reaction was revealed usingThe PG-M3 MoAb was produced as previously described.11 The

antibody is directed against a synthetic peptide (PSPSPTERAPAS- the new Fucsin substrate solution at the final concentration of 1
mmol/L.25 Slides were then counterstained for 5 minutes in Gill’sEEE) C-NH2 comprising amino acids 37 to 51 of human PML that

are located in the cysteine-rich, putative DNA binding region of the hematoxylin and mounted in Kaiser gelatin.
Immunofluorescence labeling. Cytocentrifuge preparations wereprotein.11 Because of its location, the epitope recognized by PG-M3

is consistently expressed by most PML isoforms and PML/RARa also stained in parallel by an indirect immunofluorescence technique.
The cells were fixed at room temperature in methanol (5 minutes),fusion proteins.19

washed in phosphate-buffered saline (PBS) and fixed in acetone (2
minutes at 0207C). As comparison, five cases were fixed in 1:1Case Selection
acetone/methanol (1 minute at 0107C), as previously described by

Peripheral blood and/or bone marrow samples from 100 cases of
Dick et al.18 The fixed samples were incubated for 30 minutes with

ANLL of different subtypes were investigated for the immunocyto-
the PG-M3 MoAb and extensively washed in PBS containing 0.1%

chemical expression of the PML and PML-RARa fusion proteins.
bovine serum albumin. The antibody binding sites were then re-

Sixty patients were studied prospectively during the period between
vealed with a rhodamine- or fluorescein-conjugated antimouse anti-

August 1995 and October 1996. The remaining 40 cases, collected
body (Southern Biotechnology Associates, Birmingham, AL). After

at the Institute of Hematology, University ‘‘La Sapienza,’’ Rome,
rinsing in PBS, the DNA was stained with DAPI (4*,6-diamidino-

were studied retrospectively on cytospins that had been performed at
2-phenylindole, Sigma, St Louis, MO), made up at 1 mg/mL in

the time of initial diagnosis. Complete clinical data and morphologic
PBS for 5 minutes, and rinsed again. The preparations were finally

diagnosis according to the French-American-British (FAB) criteria20

mounted in a drop of antiquenching mountant containing 1 mg/ml
were available in all cases.

p-phenylendiamine in 90% glycerol, and examined on an Olympus
Ten bone marrow and 15 peripheral blood samples collected for

BX-60 immunofluorescence microscope equipped with a chilled
diagnostic purposes and subsequently found to be normal were also

3CCD digital color camera (C5810 Hamamatsu Photonics, Hama-
available for study. All clinical specimens were obtained after in-

matsu City, Japan). Images were captured with a 24-bit board (Image
formed consent from the patients.

grabber 24, Neotech, London UK) on an 8100/80 Power Macintosh
computer (Apple, Cupertino, CA).

Sample Processing

Peripheral blood and/or bone marrow mononuclear cells were Scoring of PML-RARa Expression
separated by Ficoll gradient centrifugation, adjusted at the concentra-

All APAAP- and immunofluorescence-stained samples were ana-
tion of 2 1 106/mL, cytocentrifuged, air-dried at room temperature

lyzed independently by three different observers (B.F., D.R., and
for 1 to 2 hours, and either immunostained immediately with PG-

L.F.) without knowledge of the clinical and morphologic diagnosis.
M3 (see below) or fixed in acetone for 10 minutes at room tempera-

In all cases, observers were requested to indicate exactly the nuclear
ture and stored at 0207C until immunostaining.21 Smears were pro-

staining pattern of the leukemic cells: speckled versus microgranular.
cessed in the same way.

A speckled pattern was defined as the presence of a limited number
In six of 100 patients (two APL and four ANLL of M2 and M4

of discrete nuclear dots (5 to 20) not associated with nucleoli; a
subtype) bone marrow biopsies were also available for study. Half

microgranular positivity was regarded as the presence of numerous,
of the trephine biopsy was fixed in B5 (2 hours), decalcified in

tiny granules (usually difficult to count) with exclusion of nucleoli.
EDTA, and embedded in paraffin for routine histologic examination
and immunohistochemistry. The other half was snap-frozen in liquid

Reverse Transcription-Polymerase Chain Reaction Studiesnitrogen and cut, without decalcification, in a cryostat.22 The frozen
sections (5 mm) were air-dried for 2 hours at room temperature, Reverse transcription-polymerase chain reaction (RT-PCR) stud-
fixed in acetone for 10 minutes at room temperature and subjected ies for the presence of PML/RARa fusion transcripts in bone marrow
to immunostaining. and/or peripheral blood samples were performed in 14 leukemia

cases that were found to be microgranular at immunocytochemistry,
and in 51 of 78 leukemic samples with speckled PML positivity inCell Lines
which material was available for study.

The human APL-derived cell line NB423 that bears the t(15;17)
Analysis of the isolated mRNA by RT-PCR technique was per-

and two well-characterized APL cases with t(15;17) were used as
formed as previously described.26

positive control for the microgranular staining pattern typical of the
PML/RARa fusion protein. NB4 cells were cultured in RPMI-1640

RESULTSsupplemented with 10% fetal bovine serum and 1% penicillin-strep-
tomycin in a humidified CO2 incubator at 377C. Cytospins were PML Distribution in Normal Hemopoietic Cells
prepared as described above.

The distribution pattern of the wild-type PML protein in
normal bone marrow and peripheral blood cells is shown inImmunocytochemical Labeling
Table 1. In the bone marrow, erythroid cells showed low or

Immunoalkaline phosphatase (APAAP) procedure. Smears, cy- absent expression of PML. The nuclei of megakaryocytes
tospins, and frozen sections that were to be stained immediately usually contained only a few PML positive dots. The highest
were fixed in acetone for 10 minutes at room temperature and then

amount of PML was found in myeloid elements, especiallysubjected to the APAAP technique, as previously described.24 Sam-
promyelocytes and myelocytes. This was confirmed by com-ples that had been stored at 0207C were refixed for 5 minutes in
bining APAAP labeling of PML with myeloperoxidase oracetone at room temperature, before the immunostaining procedure.
Sudan Black cytochemistry (data not shown). The nuclei ofBriefly, the samples were incubated for 30 minutes with the PG-

M3 MoAb, followed by the rabbit antimouse antibody (Dako, these cells showed the typical speckled positivity of wild-
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Table 1. PML Expression in Normal Hematopoietic Cells In 14 cases, the nuclei of blast cells showed the
micropunctate PML positivity with consistent exclusion ofPML Nuclear

Cell Type Expression* nucleoli, that is typical of APL cells (Table 2; Fig 1A, B,
D, E, and F; Fig 2); APL cells did not show cytoplasmicErythroid precursors Usually negative
positivity for PG-M3. The nuclear dots were usually veryMegakaryocytes Speckled (few dots)

Promyelocytes Speckled (5-20 dots) small and frequently so numerous that they were difficult to
Myelocytes Speckled (5-20 dots) count (Fig 1B, E, F; Fig 2). This contrasted with the limited
Metamyelocytes Speckled (3-5 dots) number of discrete and larger nuclear dots (reflecting the
Neutrophils Speckled (3-5 dots) labeling of wild-type PML protein) seen in residual hemo-
Monocytes Speckled (3-5 dots) poietic cells (Fig 1B and Fig 2) or in cases of acute leukemias
Lymphocytes Speckled (3-5 dots) other than APL (Fig 1C and G). The positivity of the nuclei

* As defined by labeling with the PG-M3 MoAb. of APL cells was often so intense to be immediately recog-
nized even at low magnification by the APAAP technique.
This clearly differed from that of non-APL leukemia sam-
ples, where the wild-type speckled pattern usually requiredtype PML, eg, the presence of 5 to 20 dots, not associated
higher magnification to be visualized. In all leukemia sam-with nucleoli; no significant PML positivity was observed
ples investigated, the nuclear reactivity with PG-M3 wasin the cytoplasm. There was no difference in the staining
blocked when the antibody was preincubated overnight withpattern of cells detected by the APAAP or indirect immuno-
the specific PML peptide used as immunogen.fluorescence procedures.

Notably, immunocytochemical labeling with the PG-M3We also analyzed a number of hematopoietic cell lines
MoAb allowed diagnosis of APL cases characterized by(KG1, HL-60, U937, K562, THP1, AML1) to determine
breakpoints occurring at different sites of the PML proteinwhether a correlation between stage of differentiation and
(Table 3).level of PML expression existed. Cells were studied by indi-

Overall, immunocytochemistry was of great diagnosticrect immunofluorescence using the anti-PML PGM3 MoAb.
impact because it allowed us to diagnose three cases of APLNo correlation was found between levels of expression and
of microgranular variant (M3V) (Fig 1A and D and Fig 2)differentiation status. In addition, we did not observe any
that were initially misdiagnosed as ANLL of M4 and M5correlation between in vivo and in vitro data. For example,
subtype on morphologic examination alone (Table 2), andwhile normal promyelocytes expressed the highest levels of
also to exclude a diagnosis of APL in six cases of ANLLPML protein and normal erythroid precursors did not express
that were misdiagnosed as APL on morphologic and clinicalPML, the myeloblastic HL-60 and the erythroleukemic K562
basis alone (Table 2).cell lines expressed similar levels of PML protein. The lack

Analysis of bone marrow biopsies. PG-M3 labeling ofof correlation between stage of differentiation and the level
frozen sections from undecalcified trephine biopsies pro-of expression might reflect the fact that PML is mainly in-
duced results comparable to those observed in smears andvolved in growth/survival regulation and that those cell lines
cytospins, eg, speckled positivity in the four non-APL sam-greatly differ in their growth/survival potential.
ples and microgranular positivity in the two APL cases.
However, this difference in the staining pattern was abol-PML Distribution in Leukemic Samples
ished in paraffin sections, where both APL and non-APLAnalysis of smears and cytospins. In general, the
cases showed a diffuse nuclear positivity for PG-M3. ThisAPAAP and immunofluorescence techniques gave similar
clearly represents an artifact related to the fixation decalcifi-results in cytospin preparations. Our fixation method for im-
cation and/or embedding procedures.

munofluorescence was comparable to that previously de-
Guidelines for the Interpretation of Immunocytochemicalscribed by Dick et al.18 The APAAP procedure was more
Stainingsuitable than immunofluorescence for labeling peripheral

blood and bone marrow smears. Because the test is based on the recognition of a different
One hundred cases were immunostained with the PG-M3 staining pattern (speckled v microgranular) rather than a pos-

MoAb. Eight of the 40 cases investigated retrospectively did
not show any nuclear reactivity of the leukemic cells with Table 2. Expression of PML and PML/RARa Proteins in 92 ANLL
PG-M3 and were regarded as nonevaluable. We interpret

Immunocytochemical RT-PCR Proposed Morphologic
this finding as a false negative result, which is most likely Pattern of PG-M3* Total (PML/RARa) Diagnosis (FAB)

due to the diffusion of the antigen out of the cells. This
PML wild-type

problem was mainly observed in cytospins that had been (speckled) 78 0/51† 72 non-APL,‡ 6 APL
stored at 0207C for several months. The remaining 92 cases PML/RARa
were suitable for study because PG-M3 produced optimal (microgranular) 14 14/14 11 APL, 3 non-APL§
immunocytochemical labeling.

* Blindly evaluated in cytospins and/or smears by three different
Seventy-eight leukemia samples showed the speckled pat- observers (see Materials and Methods).

tern (5 to 20 dots/per nucleus) typical of the PML wild-type † Including the 6 cases misdiagnosed as APL.
protein (Table 2). Seventy-two of these cases were morpho- ‡ M0 (n Å 1); M1 (n Å 3); M2 (n Å 28); M4 (n Å 23); M4Eo (n Å 3);
logically diagnosed as ANLL of non-APL type and the re- M5 (n Å 11), M6 (n Å 2); M7 (n Å 1).

§ M4 (n Å 2), M5b (n Å 1).maining six as APL.
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Fig 1. (A) May-Grunwald-Giemsa stained cytospin of APL microgranular variant (Table 3, case 10). Notice the blast cells with markedly
lobulated and invaginated nuclei (double arrows). The cytoplasm of APL cells contains no clearly recognizable granules (original magnificationÌ
800). The single arrows indicate normal lymphoid elements. (B) Immunolabeling of the same case with the PG-M3 MoAb shows a microgranular
distribution of the PML/RARa protein within the nuclei of APL cells (double arrows). This pattern contrasts with the nuclear speckled positivity
(PML wild-type) of normal residual hemopoietic elements (single arrows) (indirect immunofluorescence with rhodamine-labeled antibody;
nuclear DAPI counterstain; original magnification Ì 1,000). (C) Acute nonlymphoid leukemia of M4 subtype. Notice the typical speckled
positivity (PML wild type) of blast cells (indirect immunofluorescence with fluorescein-labeled antibody; nuclear DAPI counterstain; original
magnification Ì 1,000). (D) Peripheral blood smear of APL microgranular variant (Table 3, case 11) showing hypogranulated blasts with marked
nuclear folding (arrow) (May-Grunwald-Giemsa; original magnification Ì 800). (E and F) The nuclei of APL cells from the same case as Fig 1D
show the typical micropunctate positivity of the PML/RARa fusion protein (APAAP technique; hematoxylin counterstain; original magnifica-
tions: [E] Ì 800; [F] Ì 1,000). (G) Acute nonlymphoid leukemia of M5 subtype. The leukemic cells display the typical speckled positivity of
wild-type PML (APAAP technique; hematoxylin counterstain; original magnification Ì 1,000).
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FALINI ET AL4050

Fig 2. APL, microgranular variant (M3V). The nuclei of APL cells (double arrows) contain many tiny dots (microgranular pattern). The single
arrow points to a residual normal hematopoietic cell showing the speckled positivity of wild-type PML. Indirect immunofluorescence technique
with rhodamine-labeled antibody; nuclear DAPI counterstain; original magnification Ì 1,000.

itive versus negative result, the interpretation of the immuno-
cytological labeling should not be regarded as a trivial
matter. Thus, to avoid any misinterpretation of immunocyto-
chemistry and consequent diagnostic mistakes, one should

Table 3. Detection of PML-RARa by Immunocytochemistry and RT- become familiar with the speckled and microgranular pat-
PCR in 14 APL Cases terns by looking at appropriate control samples. The finding

Case Sex/Age PG-M3 RT-PCR (PML/RARa) Bcr Therapy Response of a typical microgranular positivity ensures the correct diag-
nosis of APL, making molecular tests optional (eg, definitionAPL 1 F/31 /(m) Pos. 3 AIDA CR
of the breakpoint region). When difficulties are encounteredAPL 2 F/29 /(m) Pos. 3 AIDA CR
to assign a case of morphologically suspicious APL to theAPL 3 M/31 /(m) Pos. 3 AIDA CR
microgranular or speckled category (usually due to the sub-APL 4 F/61 /(m) Pos. 1 AIDA CR
optimal quality of cytospins and/or smears), a new sampleAPL 5 F/29 /(m) Pos. 3 AIDA CR
should be obtained and the immunocytochemical studies re-APL 6 F/62 /(m) Pos. 3 AIDA CR

APL 7 M/74 /(m) Pos. 3 ATRA CR peated, possibly in combination with RT-PCR analysis.
APL 8 F/16 /(m) Pos. 1 AIDA CR

RT-PCR Studies
APL 9 M/56 /(m) Pos. 1 AIDA PR

RT-PCR studies confirmed the presence of PML-RARaAPL 10 F/42 /(m) Pos. NE AIDA CR
APL 11 M/31 /(m) Pos. 1 AIDA CR fusion transcripts characteristic of the t(15;17) in all 14 cases
APL 12 F/12 /(m) Pos. 3 AIDA CR showing microgranular reactivity with the PG-M3 MoAb
APL 13 F/46 /(m) Pos. 1 AIDA CR (Table 2). In contrast, RT-PCR gave negative results in 51
APL 14 F/40 /(m) Pos. 2 AIDA CR of the 78 leukemic samples with PML speckled positivity,

available for study.Abbreviations: bcr, breakpoint region; CR, complete remission; PR,
partial remission; NE, not established; (m), microgranular; AIDA, all- DISCUSSION
trans retinoic acid (ATRA) / Idarubicin (IDA).

Morphologic and cytochemical criteria for diagnosing* Cases 1-5 were investigated retrospectively on frozen cell sam-
ples. APL (M3) were established several years ago by the FAB
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Group.20 Immunophenotyping has been used to further in- Malattie Ematologiche Maligne dell’ Adulto) (Lo Coco F.,
crease the diagnostic accuracy of APL. The predominant unpublished results). Moreover, missing the diagnosis of
immunocytological staining pattern of APL includes expres- these cases would not have clinical consequences, as they
sion of CD13, CD15, CD33, CD38, CD45dim, and the ab- are not usually responsive to ATRA treatment.
sence of HLA-DR. While HLA-DR expression makes a diag- French investigators claimed that in APL cells, the PML/
nosis of APL unlikely, absence of HLA-DR expression is RARa fusion protein, as detected by APAAP immunocyto-
not sufficient to diagnose APL. In a control group of 306 chemistry, is predominantly cytoplasmic.7,10 This led to the
ANLL patients, 76 (25%) lacked HLA-DR expression, but hypothesis that the aberrant cytoplasmic location of PML/
only 42 of these cases (55%) were APL.27 Expression of the RARa fusion protein may cause sequestration of retinoid X
CD2 molecule has been found in association with the M3 receptor (RXRS) in the cytoplasm with consequent impair-
microgranular variant,28 but in a recent study on 75 APL ment of the function of the nuclear receptors that require
patients, such an antigen was detected in only 9% of cases.27

RXRS for DNA binding.10

Thus, at the present time, the presence or absence of antigen Our finding that the PML and PML/RARa fusion proteins
expression in an individual patient fails to discriminate APL are consistently located within the nucleus of APL cells does
from other types of ANLL. not support a role for cytoplasmic location of PML/RARa

In this report, we provide evidence that APL bearing the in the leukemogenesis of APL.7 Similar results have been
t(15;17) can be confidently and rapidly diagnosed using a recently reported by Dick et al.18 The different immunocyto-
highly specific immunocytochemical test that is based on the chemical findings in previous studies7,10 might reflect non-
recognition of the typical microgranular positivity of PML- specific cytoplasmic labeling by polyclonal anti-PML anti-
RARa fusion protein created by the translocation, with the bodies and/or artefactual leakage of the protein from the
anti-PML MoAb PG-M3.11 The test is applicable to smears, nucleus to the cytoplasm.
cytospins, and frozen sections, but not to routinely fixed/ Because of its high specificity, simplicity, rapidity, and
decalcified, paraffin-embedded bone marrow biopsies, where low cost, APAAP or immunofluorescence labeling of smears
the speckled pattern of the wild-type PML is artefactually and/or cytospins with the PG-M3 MoAb could well become
changed into a microgranular or diffuse pattern.29 Notably, the first choice test for diagnosis of APL, especially in devel-
we found a perfect correlation between the presence of the

oping countries where there is no availability for highly
abnormal microgranular pattern at immunocytochemistry

specialized tests, such as RT-PCR. Immunocytochemistry
and that of PML/RARa fusion transcripts by RT-PCR in all

may prove useful to quickly confirm the morphologic diag-
APL samples investigated at the time of initial diagnosis.

nosis of APL in the typical (hypergranular) cases and to
In contrast, all non-APL leukemias were characterized by

recognize the microgranular variant of APL (M3V),20 whichspeckled (wild-type) positivity for PML and absence of
is sometimes difficult to distinguish from acute myelomono-PML/RARa transcripts. These results confirm and extend
cytic leukemia (M4) or monocytic leukemia with differentia-those previously reported by other investigators7,18 using
tion (M5b).34 Such a differential diagnosis is of criticalanti-PML polyclonal antibodies.
importance because APL is currently treated with ATRA-The PG-M3 MoAb is directed against an epitope of the
containing regimens1,35,36 that markedly differ from thoseamino terminal part of human PML (amino acids 36-51),
employed in other types of ANLL. The rapidity of the testwhich is shared by most wild-type PML isoforms and PML-
is also of obvious clinical value when dealing with a condi-RARa fusion proteins.11 This allowed cases of APL with
tion such as APL that, due to the frequent hemorrhagic com-breakpoints occurring at different sites of PML (bcr 1, bcr
plications, often necessitates a prompt diagnosis and treat-2 and bcr 3), to be recognized in this study. Thus, in diagnos-
ment.tic terms, PG-M3 appears to be superior to the anti-PML

Thus, we propose that in the future the MoAb PG-M3MoAb 5E1030 whose epitope (between amino acids 448 and
should be included in the panel of reagents routinely used466) is lost in some of the PML-RARa forms (eg, bcr 3).10

for the immunophenotyping of ANLL. When necessary, mo-Based on the frequency of breakpoint at region 3 in APL,
lecular studies should be used to further confirm the diagno-one would then predict the inability of 5E10 to detect 40%
sis.to 50% of APL cases,2 at least in non-Latino patients.31 This

The PG-M3 MoAb may also prove to be a valid adjunctapplies especially to the microgranular variant (M3V) of
to the classical FAB criteria for epidemiological studies aim-APL that has been associated with a high frequency of bcr
ing to assess the frequency of APL among ANLL. In fact,3.28 Thus, at the present time, PG-M3 can be regarded as
recent reports strongly suggest that APL may be particularlythe most suitable reagent for the immunocytochemical diag-
frequent among certain ethnic groups, eg, Latinos both innosis of APL bearing the t(15;17).
the United States37 and South America.38Obviously, the PG-M3 MoAb (and any other anti-PML

Although, we did not systematically investigate the valueantibody) cannot be used to detect the t(11;17) and t(5;17)
of the MoAb PG-M3 for the assessment of minimal residualvariants of APL that involve the formation of fusion genes

(and their products) between RARa and genes other than disease, the positive results reported in a previous study with
polyclonal anti-PML antibodies18 would suggest that PG-M3PML (eg, promyelocytic zinc finger [PLZF] and nucleophos-

min [NPM]).32,33 However, this does not detract value from may be suitable for this purpose as well. A study is presently
ongoing to address this point in a large number of APLthe method, as the above variants are exceedingly rare (1 of

250 APL cases collected at the GIMEMA, Gruppo Italiano patients enrolled in the GIMEMA.
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dia Tibidò for the secretarial assistance.
tion by the promyelocytic leukemia PML/RARa protein depend on
the fusion of the PML protein-dimerization and RARa DNA binding

REFERENCES domains. EMBO J 15:4949, 1996
18. Dyck JA, Warrel RP, Evans RM, Miller WH: Rapid diagnosis1. Warrell RP, De The’ H, Wang ZY, Degos L: Acute promyelo-

of acute promyelocytic leukemia by immunohistochemical localiza-cytic leukemia. N Engl J Med 329:177, 1993
tion of PML/RARa protein. Blood 86:862, 19952. Grignani FR, Fagioli M, Alcalay M, Longo L, Pandolfi PP,

19. Fagioli M, Alcalay M, Pandolfi PP, Venturini L, MencarelliDonti E, Biondi A, Lo Coco F, Grignani F, Pelicci PG: Acute promy-
A, Simeone A, Acampora D, Grignani F, Pelicci PG: Alternativeelocytic leukemia: From genetics to treatment. Blood 83:10, 1994
splicing of PML transcripts predicts coexpression of several carboxy-3. Grignani F, Ferrucci PF, Testa U, Talamo G, Fagioli M, Alca-
terminally different protein isoforms. Oncogene 7:1083, 1992lay M, Grignani F, Peschle C, Nicoletti I, Pelicci PG: The acute

20. Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA,promyelocytic leukemia-specific PML/RARa fusion protein inhibits
Gralnick HR, Sultan C: Proposed revised criteria for the classifica-differentiation and promotes survival of myeloid precursor cells.
tion of acute myeloid leukemia. A report of the French-American-Cell 74:423, 1993
British Cooperative Group. Ann Intern Med 103:620, 19854. Jansen JH, Mahfoudi A, Rambaud S, Lavau C, Wahli W, De-

21. Mason DY, Erber MN, Falini B, Stein H, Gatter KC: Immu-jean A: Multimeric complexes of the PML-retinoic acid receptor
noenzymatic labelling of hematological samples with monoclonalalpha fusion protein in acute promyelocytic leukemia cells and inter-
antibodies, in Beverley PCL (ed): Methods in Haematology, vol. 13.ference with retinoid and peroxisome-proliferator signaling path-
London, UK, Churchill Livingstone, 1986, p 145ways. Proc Natl Acad Sci USA 92:7401, 1995

22. Falini B, Martelli MF, Tarallo F, Moir DJ, Cordell JL, Gatter5. Early E, Moore MA, Kakizuka A, Nason-Burchenal K, Martin
KC, Loreti G, Stein H, Mason DJ: Immunohistological analysis ofP, Evans RM, Dmitrovsky E: Transgenic expression of PML/RAR
human bone marrow trephine biopsies using monoclonal antibodies.alpha myelopoiesis. Proc Natl Acad Sci USA 93:7900, 1996
Br J Haematol 56:365, 19946. Altabef M, Garcia M, Lavaue C, Bae S, Dejean A, Samarut J:

23. Lanotte M, Martin V, Najman S, Ballerini P, Valensi S,A retrovirus carrying the promyelocyte-retinoic acid receptor PML/
Berger R: NB4, a maturation inducible cell-line with t(15;17) markerRAR alpha fusion gene transforms haematopoietic progenitors in
isolated from a human promyelocytic leukemia (M3). Bloodvitro and induces acute leukaemias. EMBO J 15:2707, 1996
77:1080, 19917. Daniel MT, Koken M, Romagne O, Barbey S, Bazarbachi A,

24. Cordell JL, Falini B, Erber WN, Ghosh AK, Abdulaziz Z,Stadler M, Guillemin MC, Degos L, Chomienne C, De The’ H:
MacDonald S, Pulford KAF, Stein H, Mason DY: ImmunoenzymaticPML protein expression in hematopoietic and acute promyelocytic
labelling of monoclonal antibodies using immune complexes of alka-leukemia cells. Blood 82:1858, 1993
line phosphatase and monoclonal anti-alkaline phosphatase (APAAP8. Dyck J, Maul GG, Miller WH Jr, Chen JD, Kakizuka A, Evans
complexes). J Histochem Cytochem 32:219, 1984RM: A novel macromolecular structure is a target of the promyelo-

25. Ponder BA, Wilkinson WN: Inhibition of endogenous tissuecyte-retinoic acid receptor oncoprotein. Cell 78:333, 1994
alkaline phosphatase with the use of alkaline phosphatase conjugates9. Weis K, Rambaud S, Lavau C, Jansen J, Carvahlo T, Carmo-
in immunohistochemistry. J Histochem Cytochem 29:981, 1981Fonseca M, Lamond A, Dejean A: Retinoic acid regulates aberrant

26. Biondi A, Rambaldi A, Alcalay M, Pandolfi PP, Lo Coco F,nuclear localization of PML/RARa in acute promyelocytic leukae-
Diverio D, Rossi V, Mencarelli A, Longo L, Zangrilli D, Maseramia cells. Cell 76:345, 1994
G, Barbui T, Mandelli F, Grignani F, Pelicci PG: RAR-alpha gene10. Koken MHM, Puvion-Dutilleul F, Guillemin MC, Viron A,
rearrangements as a genetic marker for diagnosis and monitoring inLinares-Cruz G, Stuurman N, de Jong L, Szostecki C, Calvo F,
acute promyelocytic leukemia. Blood 77:1418, 1991Chomienne C, Degos L, Puvion E, De Thè H: The t(15;17) transloca-
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