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A b s t r a c t

We studied the immunophenotype of 100 cases of
acute promyelocytic leukemia (APL) with cytogenetic
evidence of t(15;17)(q22;q21), 72 hypergranular (M3)
and 28 microgranular (M3v), and correlated the results
with molecular and clinical features. Most neoplasms
(75/100 [75%]) had a typical immunophenotype:
CD13+CD33+CD34–HLA-DR–. CD64, CD2, CD34,
and HLA-DR were expressed in 27% (24/88), 23%
(22/94), 21% (21/100), and 9% (9/98), respectively.
CD34 expression was restricted to M3v; HLA-DR and
CD2 were expressed more often in M3v than in M3 (P <
.001). PML-RARα fusion transcripts were detected by
reverse transcriptase–polymerase chain reaction in all
70 patients assessed. The short form of PML-RARα
transcripts was found more frequently in M3v (P <
.002) and CD2+ APL (P < .0001) than in M3 and
CD2– APL, respectively. The median follow-up was 128
weeks. CD2+ APL was associated significantly with
leukocytosis (P = .004), shorter complete remission
duration (P = .03), and a trend toward shorter overall
survival (P = .07) than CD2– APL. Overall survival for
M3v vs M3 (P = .68) and short vs long transcripts (P =
.21) was not significantly different. Immunophenotyping
is useful for predicting the biologic and clinical
behavior of APL.

Acute promyelocytic leukemia (APL) is characterized by
a proliferation of neoplastic promyelocytes carrying the
t(15;17)(q22;q21). Hypergranular (M3) and microgranular
(M3v) APL, as defined by the French-American-British
(FAB) classification of acute myeloid leukemia (AML),1 are
the 2 most commonly recognized morphologic variants of
APL. M3v accounts for approximately 20% of all cases of
APL.2 The clinical course and prognosis of patients with
M3v are reported to be worse than for patients with M3.3

Flow cytometric (FC) immunophenotyping is considered
a powerful ancillary tool for diagnosing APL. Leukemic
promyelocytes characteristically express mature myeloid
markers, including CD13 and CD33, and are negative for
CD34 and HLA-DR.4 However, this immunophenotype is not
specific for APL. Furthermore, the typical immunophenotype
commonly is associated with M3, whereas M3v is more
heterogeneous, with variable expression of CD2, CD34, CD56,
HLA-DR, and terminal deoxynucleotidyl transferase.3,5-10

The t(15;17) results in fusion of the promyelocytic
leukemia (PML) gene on chromosome 15 and the retinoic acid
receptor-α (RARα) gene on chromosome 17. Three breakpoint
cluster regions (bcr) within the PML gene occur: bcr1 (intron
6), bcr2 (exon 6), and bcr3 (intron 3), generating 3 different
transcripts, so-called long, variable, and short forms, respec-
tively. In approximately 5% of APL cases, the chimeric gene is
composed of RARα and other partners including nucle-
ophosmin (NPM), nuclear mitotic apparatus (NuMA), promye-
locytic leukemia zinc finger (PLZF), and signal transducer and
activator of transcription 5b (Stat5b) on chromosomes 5q35,
11q13, 11q23, and 17q11, respectively.11,12

Correlation between the morphologic features and
immunophenotype of leukemic promyelocytes and their
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molecular and clinical features has been the subject of
several previous studies.6,13 Data regarding the association
between CD2 expression and the short form (bcr3) of PML-
RARα transcripts are controversial.10,14-16 Patients with APL
and bcr3, which are found more commonly in M3v,17 were
shown to have shorter remission duration and survival than
patients with bcr1.18 CD2 expression was reported to be
associated with a favorable complete remission (CR) rate
and event-free survival in a large series of both pediatric and
adult patients with APL.10 Other investigators found that
CD34 expression correlated with CD2 positivity, M3v, and
bcr3 in 2 smaller study cohorts but disagreed on its correla-
tion with overall survival (OS).19,20

We retrospectively reviewed the morphologic features,
immunophenotype, and molecular features of 100 cases of
APL with cytogenetic evidence of t(15;17)(q22;q21) and
correlated these findings with clinical outcome.

Materials and Methods

Case Selection

We searched the cytogenetic database of M.D. Anderson
Cancer Center, Houston, TX, and identified cases with the
t(15;17)(q22;q21) found in bone marrow (BM) aspirate
material between August 1992 and April 2003. Methods for
the cytogenetic analysis have been described before.21 We
then retrieved all available corresponding BM material,
immunophenotypic data, and reverse transcriptase–poly-
merase chain reaction (RT-PCR) data for the PML-RARα
fusion transcript type.

Morphologic Evaluation

For each case, BM aspirate smears stained with Wright-
Giemsa and studied cytochemically for myeloperoxidase were
reviewed independently by 2 hematopathologists (P.L. and
S.H.) to ensure objective classification. Each case was classi-
fied according to the guidelines of the FAB classification.

Flow Cytometry Immunophenotypic Methods

We performed 3- or 4-color FC analysis on BM aspirate
samples collected in EDTA. After incubation of cells with
monoclonal antibodies for 10 minutes at 4°C, the RBCs were
lysed with NH4Cl for 10 minutes, followed by 2 washing
steps using phosphate-buffered saline solution. The cells
were resuspended and fixed with 1% paraformaldehyde. The
panel of antibodies for analyzing AML has evolved over the
years, but generally included the following mouse mono-
clonal antibodies specific for CD45 (peridinin chlorophyll
protein [PerCP]), CD34 (fluorescein isothiocyanate [FITC]-
conjugated), CD33 (FITC or phycoerythrin [PE]), CD13

(PE), CD14 (allophycocyanin [APC]), CD19 (FITC or
APC), CD117 (FITC or PE), CD64 (PE), CD10 (FITC),
CD7 (FITC), CD3 (APC), and CD2 (FITC). All antibodies
were from BD Biosciences (San Jose, CA), and analysis was
performed using FACScan or FACSCaliber cytometers (BD).
For each antibody, negative staining levels were set by
comparison with an isotype-matched control. For this study,
a marker was considered positive if expressed by more than
20% of the analyzed events.

RT-PCR for PML-RARα
RNA extraction and RT-PCR were performed on BM

aspirate samples as described.22,23 The primers and biotin-
labeled probe were purchased from Invitrogen (Houston,
TX) and Synthegen (Houston, TX). The amplified product
(complementary DNA) was detected by using ethidium
bromide gel electrophoresis followed by hybridization to a
specific chemiluminescent-labeled probe to confirm the
identity of the amplicon. To ensure the reliability of the RT-
PCR assay, an uninvolved segment of the RARα gene (163
base pairs [bp]) was coamplified as an internal control to rule
out false-negative results due to reverse transcription, PCR
failure, or poor RNA preparation. All samples were analyzed
in duplicate, in conjunction with negative (HL60) and posi-
tive (NB4) cell line controls. The sensitivity of the test was
determined to be 1 in 105 cells.

Follow-up

The CR and OS were analyzed by using Cox model multi-
variate analysis. The analysis excluded 2 pediatric patients
treated with pediatric protocols and 14 patients with relapsed
disease at the time of first evaluation at our institution.

Results

There were 47 males and 53 females with a median age
of 47 years (range, 3-77 years). The leukemia samples
assessed were obtained at the time of initial evaluation in 86
cases (86%) and at the time of relapse in the remaining 14
(14%). All adult patients and 2 pediatric patients received
all-trans-retinoic acid with or without other chemothera-
peutic agents.

Morphologic Findings

Seventy-two cases were classified as M3 and the
remaining 28 as M3v. The leukemic cells in M3 typically
had abundant, large, azurophilic granules that often obscured
the nuclei. The leukemic cells in M3v typically had bilobed
or reniform nuclei with inconspicuous cytoplasmic granules
❚Image 1❚. Both variants showed intense reactivity with
myeloperoxidase by cytochemical staining.
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Immunophenotypic Findings
The expression patterns of selected markers studied by

FC analysis and their correlation with morphologic variants
are summarized in ❚Table 1❚.

On side scatter vs CD45, M3 leukemic cells displayed
primarily high side scatter. In contrast, M3v leukemic cells
displayed less scatter and generally fell in an area closer to
blasts ❚Image 2A❚. CD13 and CD33 were expressed consis-
tently by both variants, with the exception of 1 case of M3
that was CD33–. CD34 and HLA-DR were expressed in 21
(21%) of 100 and 9 (9%) of 98 cases, respectively. CD34
was expressed in 7 (78%) of 9 cases that expressed HLA-
DR. Although not present in every M3v case, CD34 was
positive exclusively in M3v cases ❚Image 2B❚. CD2 was
expressed in 22 (23%) of 94 cases overall and was coex-
pressed in 11 (52%) of 21 CD34+ APL cases. Unlike CD34,
CD2 expression was not restricted to M3v, but was signifi-
cantly more common in M3v than in M3 cases (P < .001; χ2

test). CD64 was expressed in 24 (27%) of 88 cases and
distributed equally between the M3v and M3 cases (P = .1;
χ2 test). APL with CD64 expression displayed a light scatter

pattern indistinguishable from that of AML with monocytic
differentiation; however, coexpression with CD14 was not
detected.

RT-PCR Findings

The PML-RARα gene fusion transcript type was
analyzed in 70 cases, and the results are summarized in
❚Table 2❚. Translocation involving bcr3 of the PML gene
(intron 3) yielded a 220-bp product, the short form, whereas
involvement of bcr1 (intron 6) yielded a product that was
474 nucleotides longer, the long form. Alternative splicing of
the long form yielded 3 different sizes of messenger RNA
products, 291, 550, and 695 bp, respectively. Involvement of
bcr2 generated a variable form of messenger RNA product.

The long and short forms were detected in 36 (51%) and
33 (47%) of 70 cases, respectively. Only 1 case had the vari-
able form. Further analysis showed that the short form was
significantly more common in M3v (15/19 [79%]) than in
M3 (18/50 [36%]) (P < .002; χ2 test) and more frequent in
CD2+ cases (15/17 [88%]) than in CD2– cases (18/51
[35%]) (P < .0001; χ2 test).

A B

❚Image 1❚ A, Hypergranular (M3) acute promyelocytic leukemia (APL) (Wright-Giemsa, ×100). B, Microgranular (M3v) APL
(Wright-Giemsa, ×100).

❚Table 1❚
Expression of Selected Markers and Comparison Between M3 and M3v*

CD13 CD33 CD117 CD64 CD34 CD2 HLA-DR

Total 100/100(100) 98/100 (98) 60/91 (66) 24/88 (27) 21/100 (21) 22/94 (23) 9/98 (9)
M3 72/72 (100) 70/72 (97) 41/65 (63) 15/66 (23) 0/72 (0) 8/69 (12) 1/72 (1)
M3v 28/28 (100) 28/28 (100) 19/26 (73) 9/22 (41) 21/28 (75) 14/25 (56) 8/26 (31)
P† 1.0 1.0 .45 .1 <.001 <.001 <.001

* Data are given as number positive/number tested (percentage).
† Generated by using the Fisher exact and χ2 tests.
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Follow-up

The median follow-up period was 128 weeks (range, 6-504
weeks). There was no significant difference in OS in M3v vs
M3 cases (P = .68; χ2 test) or in cases with short vs long fusion
transcripts (P = .21; χ2 test). Cox multivariate analysis showed
that patients with CD2+ APL had a significantly shorter median
duration of CR (P = .03) and a trend toward shorter OS than
patients with CD2– APL (P = .07) ❚Figure 1❚. The median dura-
tion of CR in the CD2– group was 92.5 weeks (range, 0-322
weeks) compared with 46 weeks (range, 0-250 weeks) in the
CD2+ group. CD2 expression also was associated significantly

with leukocytosis (P = .004; Wilcoxon rank sum test) ❚Figure

2❚. The median total WBC count for patients with CD2+ APL
was 23,650/µL (23.7 × 109/L; range, 900-142,200/µL [0.9-142.2
× 109/L]) compared with 3,150/µL (3.2 × 109/L; range, 400-
165,000/µL [0.4-165.0 × 109/L]) for patients with CD2– APL.
Multivariate analysis also demonstrated that an elevated WBC
count was a significant negative prognostic indicator for OS,
with a relative risk of 1.81 (P < .0001). The expression of CD34
and HLA-DR did not correlate with CR or OS.

Discussion

Accurate and rapid diagnosis of APL is critical for the
initiation of effective and specific therapy. This is made
possible by recognizing the characteristic morphologic
features and typical immunophenotype of APL, with confir-
mation by molecular and cytogenetic testing for the presence
of t(15;17). The diagnosis becomes more difficult when APL
with documented t(15;17) falls into the morphologic spec-
trum of other subtypes of AML in the FAB classifica-
tion7,8,20,24-27 or when a case of AML with an immunopheno-
type characteristic of APL has no detectable molecular or
cytogenetic evidence of the t(15;17).28
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❚Image 2❚ A, The blasts of M3v fall in an area close to blasts of a more immature type of acute myeloid leukemia (AML) on side
scatter vs CD45. CD34 expression is associated exclusively with M3v. In addition to expression of myeloid markers CD33,
CD13, and CD117, CD2 also is expressed dimly in this case. B, M3 leukemic cells display high side scatter compared with the
low side scatter of M3v. The scatter pattern and expression profile (CD34–CD33+CD13+CD64+) simulates AML with monocytic
differentiation. Absence of HLA-DR expression in this case was helpful for making the distinction. FITC, fluorescein
isothiocyanate; PE, phycoerythrin; PerCP, peridinin chlorophyll protein; SSC, side scatter.

❚Table 2❚
PML-RARαα Gene Fusion Transcripts Analyzed by Reverse
Transcriptase–Polymerase Chain Reaction*

M3 M3v CD2– CD2+

Short (bcr3) 18 15 18 15
Long (bcr1) 32 4 33 2

Variant 1 0 1 0
Total 51 19 52 17

* For M3 vs M3v, P = .002; for CD2– vs CD2+, P = .0001. The P values were
generated by using the Fisher exact and χ2 tests and evaluated the distribution of
bcr3 and bcr1 between M3 and M3v and between CD2– and CD2+ acute
promyelocytic leukemia.
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We examined the morphologic features and immunophe-
notype of BM aspirate samples from 100 cases of APL with
cytogenetic evidence of the t(15;17) and correlated the results
with molecular findings and clinical outcome. We found that
75% of APL cases had an immunophenotypic profile charac-
terized by CD13+CD33+CD34–HLA-DR–. In the remaining
25%, CD2, CD34, and HLA-DR were expressed variably,
most often in M3v. CD34 was expressed consistently in M3v,
with rare exceptions, and, thus, reliably distinguished M3v
from M3. APL with CD64 expression might simulate AML
with monocytic differentiation morphologically and
immunophenotypically. Recognition of these variations is
essential for preventing misdiagnosis in clinical practice.

We also studied the correlation of immunophenotype
with clinical outcome. Patients with CD2+ APL had a signif-
icantly shorter duration of CR and a trend toward shorter OS
than patients with CD2– APL. These results are in contrast
with the favorable outcome in a group of pediatric and adult
patients with CD2+ APL described by Guglielmi and
colleagues.10 CD2 is detected more frequently in cases of
APL, approximately 25%, than in other FAB subtypes of
AML, approximately 5%.29 The CD2 antigen is a 50-kd
transmembrane glycoprotein that belongs to the
immunoglobulin gene superfamily and is encoded by a gene
mapped to 1p13.30 CD2 functions as an adhesion molecule
through binding to CD15, CD58, and CD59. It also mediates
T-cell activation through signal transduction. Although the
exact function of CD2 expression in leukemic promyelocytes
is unknown, CD2 expression is correlated significantly with
leukocytosis, a key negative prognostic indicator demon-
strated in the present study and in others.19,22

Previous data regarding the association between CD2 and
short (bcr3) PML-RARα transcripts are controversial.10,14-16

In keeping with the observation reported by Claxton and
colleagues,14 our results confirmed a strong positive correla-
tion between these 2 variables (P < .0001; Fisher exact test).
The trend toward shorter OS in patients with CD2+ APL did
not seem to be attributable to the predominance of short
(bcr3) fusion transcript in this group of patients. There was no
difference in OS between patients with APL with short (bcr3)
or long (bcr1) fusion transcripts (P = .68; Fisher exact test).

M3v is a heterogeneous group that frequently expresses
CD2, CD34, and HLA-DR and commonly is associated with
short (bcr3) PML-RARα fusion transcripts. CD2 expression is
correlated with a worse prognosis, with shorter CR and OS. A
comprehensive approach with emphasis on combined morpho-
logic, immunophenotypic, cytogenetic, and molecular analysis
is not only critical for accurate and rapid diagnosis of APL but
is also useful for predicting biologic and clinical behavior.
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