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ABSTRACT

ARTICLE HISTORY

Although AML-M3 (APL) and HLA-DR negative non-APL are characterized by negative HLA-DR antigen,
they are different entities with similar morphology in some cases. The aim of this study is the precise,
differential diagnosis of APL from HLA-DR negative non-APL by flow cytometry to narrow the diagnosis window. Bone marrow or blood samples of 580 AML patients were analyzed, and flow cytometry
and molecular analysis were performed for the diagnosis of blood disorders. In 105 HLA-DR negative
AML patients, expression of HLA-DR, CD33, CD117, CD11b, CD64, CD34, CD9 and myeloperoxidase
staining pattern were evaluated. Fifty-six patients were diagnosed with APL, and 49 patients were
diagnosed with HLA-DR negative non-APL. The APL blasts expressed CD33, CD117, CD64, and CD9 in
100%, 80.3%, 94.6%, and 100% of the cases, respectively. HLA-DR negative non-APL blasts expressed
CD33, CD117, CD64 and CD9 in 75.5%, 59.1%, 32.6%, and 73.4% of the cases, respectively. APL cells
were negative for HLA-DR, CD11b, and CD34 in 96.4%, 94.6%, and 91.0%, respectively. Blasts in HLADR negative non M3-AML were negative for CD11b, CD117, and CD34 in 77.5%, 40.9%, and 22.4%,
respectively. We also investigated myeloperoxidase (MPO) staining pattern and found strong diffuse
reaction in APL cells while HLA-DR negative non-APL cells showed focal positive reaction. In all of the
APL patients, except for one, PML/RARA translocation was positive, and in another case with HLA-DR
negative non-APL, PML/RARA and other translocations were not detected. The six-panel combination
profile rapidly and specifically identifies APL from other HLA-DR negative AML.
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Introduction
Acute myeloid leukemia (AML) is a type of cancer in which
bone marrow (BM), peripheral blood (PB), and other soft
tissues are infiltrated by abnormally-differentiated cells of
the hematopoietic system [1]. Although AML was deemed
incurable for the past 50 years, 30–40% of the patients who
are 60 years of age or younger and 5–15% of the patients
older than 60 years currently achieve remission [2].
According to the French-American-British (FAB) classification and the World Health Organization’s new classification
in 2017, acute promyelocytic leukemia (APL) is a subtype of
acute leukemia, first described in 1957 [3]. A balanced,
reciprocal translocation between chromosome 15 (PML
gene) and 17 (RARa gene) can be detected in 70–90% cases
of APL [4,5]. Rare, variant translocations with classic morphologic findings of APL are seen in 1–2% of APL cases.
Translocation between chromosome 11 (ZBTB16 gene) and
17 (RARa gene) has a distinct morphology in APL with a
more regular nucleus compared to the bilobed nucleus typically found in APL. APL blasts with t(11:17) are characterized by coarse granules and, less often, by fine or no
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granules [6]. APL is historically characterized by a rapid,
fatal course with a high incidence of hemorrhagic complications [7]. After the introduction of arsenic tetra retinoic
acid (ATRA), however, the mortality rate associated with
APL has decreased, resulting in complete remission in most
patients [8].
Due to a high risk of fatal bleeding, current protocols
recommend APL to be considered as a medical urgency
upon diagnosis [9]. Immunophenotyping of arrested blast
cells by flow cytometry has become a rapid and reliable
method of lineage determination, since it is faster and less
costly than cytogenetic tests. In flow cytometry evaluation,
APL blasts are CD11b negative, CD34 negative, and
CD117± and positive for CD13, CD33, CD64, and cytoplasmic myeloperoxidase (MPO). MPO staining of APL blasts
also shows a diffuse and strong positive patterns. The presence of Auer rods is also witnessed in the cytoplasm of said
blasts. Negative expression of CD10, CD11a, CD11c,
CD45RO, and CD133 is another common feature [10].
Most AML cases express HLA Class II antigens, such as
HLA-DR, on the surface of their blast cells upon diagnosis,
and HLA-DR expression in non-APL cases is common.
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APL, known to lack the HLA-DR antigen, is an exception.
Lack of HLA-DR antigen expression is hence another
marker used for distinguishing APL from other AML subtypes. However, data suggest that HLA-DR negativity can
also be witnessed in non-M3 AML. Due to bleeding tendency in some cases of HLA-DR negative non M3-AML
[11], early detection and accurate differentiation of APL is
crucial to the patient’s health.
In this study, we evaluated HLA-DR, CD117, CD11b,
CD34, CD64, and CD9 in a six-panel combination for a definite distinction between APL blasts and HLA-DR negative
non-APL blasts.

detection system (Applied Biosystems [ABI], Foster City,
CA) and ABL was selected as the internal control. We evaluated our results based on the Europe Against Cancer
(EAC) program which defines a framework for assessment
and standardization of RT-qPCR assays using common primer-probe sets for each respective fusion transcript [13].

Flow cytometry

In this study, 580 AML patients who referred to Takhte
Tavous Pathobiology Laboratory, Tehran, Iran, were studied.
BM and PB samples were taken from the patients between
June 2014 and September 2018 after obtaining informed
consent. The diagnosis of AML subtypes was based on criteria established by the WHO classification of tumors of hematopoietic and lymphoid tissues [12].The samples were
evaluated using flow cytometry with our specific panel.
Then, APL cases were confirmed by detecting the presence
of PML-RARa or variant translocation with RT-qPCR. We
only included de novo APL and HLA-DR negative non-APL
patients and excluded other AML subtypes, such as AMLM5 and -M6. This study was approved by the Ethics
Committee of Shahid Beheshti Medical University.

Five ml of fresh BM or blood sample was collected into
vacutainer tubes containing K2-EDTA and gently homogenized several times for sufficient mixing. Samples were
analyzed using a large panel of the following fluorochromeconjugated monoclonal antibodies. These antibodies
included CD64 (PE, Dako), CD117 (PerCP, Immunostep),
CD34 (PC7, Beckman coulter) HLA-Dr (FITC, Dako),
CD14 (FITC,Dako, Denmark), CD45 (ECD, Coulter),
CD11b (ECD, Coulter), CD13 (PE,Dako), CD33 (FITC,
Dako),
CD10
(FITC,Dako),
CD3
(PE,Dako),
CD5(FITC,Dako), CD19(PE,Dako), CD20 (FITC,Dako),and
CD9 (FITC Coulter). BM and blood cells were incubated
with antibodies for 30 min at 4  C, and then erythrocytes
were lysed using a standard lyse/wash technique. Antigenic
expression in blast cells was systematically analyzed by
multi-parametric flow cytometry (Beckman-Coulter FC500,
USA) via MXP software. Cell surface antigen expression was
considered positive if there was >20% expression of the
analyzed events, while a cutoff of >10% was set for CD117
and CD34 antigens.

Morphological evaluation

Statistical analysis

Myeloperoxidase staining was applied using Sigma-Aldrich
Myeloperoxidase Leukocyte Kit. All steps were performed
per the manufacturer’s instructions. Briefly, freshly prepared
BM or whole blood films were fixed with a formaldehydeethanol solution and then washed and dried in the dark.
They were then placed in peroxidase indicator and washed
with running tap water. Finally, slides were counterstained
in acid hematoxylin solution and rinsed in running deionized water. Air-dried slides were examined by an
optic microscope.

All statistical analyses were performed by SPSS software
(version 21). T-test was used to analyze the differences
between APL and HLA-DR negative non-APL groups based
on their distribution. We also used one-way ANOVA to
evaluate three or more than three groups, and a p-value of
<.05 was considered statistically significant.

Materials and methods
Patients’ selection

Results
Patients’ baseline characteristics

Real-time quantitative RT-PCR assay
PML-RARa-L, PML-RARa-S, and PLZF-RARa fusion transcript levels were quantified by RT-qPCR. First, RNA was
extracted from BM samples using Ribo Exreagent (GeneAll,
Portugal) according to the manufacturer’s protocol. We
then determined the integrity of extracted RNA by gel electrophoresis, and samples with intact 28S and 18S were considered appropriate. Reverse transcription was performed on
total RNA (1 mg) using SuperScript II reverse transcriptase
(Invitrogen, USA). PCR analyses of the different types of
fusion transcripts were performed using a Taqman-based
real-time quantitative PCR in an ABI PRISM 7000 sequence

Of the 580 AML patients admitted to our laboratory, 105
patients were negative for HLA-DR antigen. Of these, 56
patients were diagnosed with APL and 49 with non-APL
immunophenotype. The median age of APL patients (25
male and 31 female) was 26.5 years (range, 1  52 years),
and the median age of non-APL patients (27 male and 22
female) was 47.5 years (range, 17  78 years). Following the
use of molecular assay to confirm the results of flow cytometry, it was found that immunophenotyping performance
for an exact diagnosis of APL had 98.2% sensitivity, 97.9%
specificity, and 98.0% accuracy. The positive predictive value
was 98.1%.
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Myeloperoxidase staining patterns were different
between APL and HLA-DR negative non-APL specimen

Immunophenotyping is helpful with distinguishing APL
from HLA-DR negative non-APL

In this study, all BM or blood samples were stained with
Wright’s and myeloperoxidase staining. The Wright’s staining in the APL group showed that 27 patients (48.2%) had
hypergranular variation with abundant cytoplasmic granules,
Auer rods, and faggot cells, while 29 patients) (51.8%) were
microgranular variant with convoluted and dumbbell-shaped
nuclei (Figure 1). In the HLA-DR negative non-APL group,
we observed cytoplasmic granules and convoluted nuclei in
some cases.
MPO staining showed a diffuse and strong positive reaction on promyelocytes in APL patients, but there were
granular or focal patterns in patients with HLA-DR negative
non-APL (Figure 2).

We first compared the CD45/SSC pattern of leukemia cells
between APL and HLA-DR negative non-APL groups. All
leukemia cells in the APL group were located in the monocytic region with dim to moderate CD45 expression and
moderate SSC pattern. In most of the HLA-DR negative
non-APL samples, blasts were located in the lymphoid
region (blastic region) which is indicated by the dim expression of CD45 and low SSC pattern. Some HLA-DR negative
non-APL cases with monocytic differentiation had a dim to
moderate CD45 expression with higher SSC pattern similar
to APL blasts.
Non-APL cases with high expression of CD34 and HLADR are easily distinguished from APL. However, the

Figure 1. Peripheral blood smear stained with Wright’s stain. APL cases were both hypergranular with Auer rods (A) and microgranular (B). HLA-DR negative nonAPL cases showed cytoplasmic granules (C).

Figure 2. Myeloperoxidase staining patterns in classic APL (A), variant APL (B), and HLA-DR negative non-APL (C) cases.

Figure 3. Flowchart describing the differential diagnosis of APL from HLA-DR negative non-APL using flow cytometry.
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diagnosis of CD34 and HLA-DR negative non-APL cases is
a challenge. In most APL cases, blast cells are negative for
CD34, HLA-DR, and CD11b while almost consistently
expressing CD117, CD64, and CD9 (Figure 3). Evaluating
the expression pattern of the studied markers revealed that
differences in expression of these markers, despite being
positive in both APL and non-APL groups, can help distinguish between the two leukemia (Table 1). In APL patients,
expression of CD117 is associated with dim and partial
expression of CD64 (p < .05). In HLA-DR negative nonAPL patients, there was no correlation between CD117 and
CD64 expression. On the other hand, CD9 expression also
shows a significant difference between the two groups
(p < .05). In APL cases, blast cells a showed moderate to
bright, and homogenous expression of CD9, but in HLADR negative non-APL, blast cells showed dim and
Heterogeneous or negative CD9 expression (Figure 4).
A small percentage of APL blasts showed unusual expression patterns. Five cases (8.9%) had a dim and partial
expression of CD34, positive expression of CD117 and CD9,
Table 1. Differential expression of CD117, CD64, CD11b, CD9 and CD34 in
APL and HLA-DR negative non-M3 AML.
CD Markers
CD117þ
CD64þ
CD11bCD34HLA-DRCD9

APL (n ¼ 56)
45 (80.3%)
53 (94.6%)
53 (94.6%)
51 (91%)
54 (96.4%)
56 (100%)

HLA-DR negative
non-APL (n ¼ 49)
29 (59.1%)
20 (32.6%)
38 (77.5%)
11 (22.4%)
49 (100%)
36 (73.4%)

p-Value
<.001
<.001
<.001
<.001
.11
<.001

A p-Value of <.05 was considered significant.

but a negative expression of HLA-DR, CD11b, and CD64.
Three cases (5.4%) had a partial expression of CD11b and
negative for HLA-DR, CD34 and partial expression of
CD117 and positive CD64 expression. Two cases (3.6%) had
a positive expression of HLA-DR, CD117, and CD64, but a
negative expression for CD11b and CD34 (Table 2).
In 4 cases with AML-M2 (FAB classification), CD64
expression was seen in a similar pattern with APL blasts. In
these 4 cases blasts were negative for CD11b and HLA-DR
and expressed CD117 but had a dim to moderate expression
of CD34. Blast cells were also positive for CD64 but a pattern of CD9 expression in these 4 cases showed a dim and
heterogeneous expression. By using the 6-panel combination, these exceptional cases can be distinguished from
APL. However, considering the low SSC and the pattern of
MPO staining, they can be easily differentiated from APL
by focal MPO reaction. Molecular analysis was carried out
for the presence of the PML-RARa and was negative in
these cases.
In HLA-DR negative AML patients, there is was significant overlap in the expression of the studied markers compared to APL. In 32.6% of the HLA-DR negative non-APL
patients, blast cells were positive for CD64, which included
12 cases with M4/M5 subgroups (co-expressed with CD14)
and 4 cases with M2 subgroup of AML. In 59.1% of the
HLA-DR negative non-APL patients (29/49), CD117 was
positive with different fluorescent intensities. In 17 cases,
the expression of CD117 was seen with co-expression of
CD34, and in the remaining patients (12 cases), CD34 was
negative. In HLA-DR negative patients with CD34 expression, blast cells showed negative expression of CD11b and

Figure 4. Immunophenotypic analysis of APL and HLA-DR negative patients. Note that dual negative CD117/CD64 was not seen in almost all APL patients. #: Dim
CD64 is associated with dim CD117 in APL. A: CD117 (FL1) and CD64 (FL2), B: CD34 (FL1) and HLA-DR (FL2), C: CD34 (FL1) and CD11b (FL2), D: CD117 (FL1) and
CD64 (FL2), E: CD117 (FL1) and CD64 (FL2), F: CD34 (FL1) and HLA-DR (FL2).
in HLA-DR negative AML.

Dual negative CD117/CD64 in HLA-DR negative AML.

Dim CD64/negative CD117
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Table 2. APL patients with atypical immunophenotypes. A total of 10 APL patients showed unexpected APL marker expression.
HLA-DR
Patients 8, 12, 24, 32, 47
Patients 2, 19, 54
Patients 5, 22

Neg
Neg
þ

CD34

CD11b

CD64

CD117

CD9

Dim and partial expression
Neg
Neg

Neg
Partial expression
Neg

Neg
þ
þ

þ
þ
þ

þ
þ
þ

CD64 and were often positive for CD117. Patients with
positive expression of CD11b in HLA-DR negative non-APL
group mostly showed M4/M5 immunophenotypes.

Discussion
Early and accurate diagnosis of APL can significantly reduce
its mortality. Therefore, it is essential to improve and
develop the flow cytometric diagnosis of the disease, which
is faster and less expensive than molecular testings. HLADR negative AML is typically divided into APL and HLADR negative non-APL cases. Other researchers have similar
classification [14,15] and report APL percentages ranging
from 10% to 12% of all AML cases [16,17]. In this study, we
sought to determine a flow cytometry panel for differential
diagnosis of APL from HLA-DR negative non-APL. Our
results of analyzing 580 newly-diagnosed AML patients
show six markers capable of distinguishing between APL
and HLA-DR negative non-APL leukemia. Negative expression of HLA-DR, CD11b, and CD34, bright and homogenous expression of CD9, positive CD64 and CD117± strongly
discriminates APL cases from HLA-DR negative non-APL
patients in our six-panel combination flow cytometry. Dim
CD64 expression is associated with dim CD117 expression
and moderate CD64 expression is associated with negative
CD117 expression.
Some HLA-DR negative non-APL patients have morphologic and clinical characteristics similar to APL patients
[15]. Yet, Fenu et al. reported three HLA-DR negative AML
patients who, based on morphology and immunophenotype,
were thought to be variants of APL. After cytogenetic and
molecular analyses, however, they were discovered to be
‘atypical M2’ subtypes [18]. Thus, negative HLA-DR expression and morphology alone might not be enough for distinguishing APL from other AML subtypes. CD64 expression
is common in APL but is highly variable [19]. We first
investigated CD64 expression as a marker to differentiate
APL from the non-APL specimen and found significant
contrasting expression of CD64 between the two groups.
Interestingly, leukemic cells in 94.6% of all APL patients
expressed heterogeneous dim or moderate expression of
CD64 compared to CD117 expression. In a study by Liu
et al., dim and homogeneous CD64 expression was considered appropriate for the diagnosis of APL [20]. Expression
of CD34, CD64, CD11b, CD117, and CD9 was in agreement
with RT-PCR for PML-RARa in APL patients.
Several studies have discussed the immunophenotypic
features of APL, which include high SSC, homogeneous
expression of CD33, CD13, CD64, and CD117, and lack of
CD11b, CD11c, CD14, HLA-DR, CD34 expression.
Expression of other markers, such as CD2 and CD56, can
also be seen in some cases. However, there is no consensus

view on the immunophenotypic characteristics of
APL [11,20,21].
Attempts have been made to detect APL using flow
cytometry, and the negative expression of CD34 and HLADR were introduced as a valuable combination to predict
the disease [22]. We did not observe a simultaneous expression of these markers in any of the cases. This could probably be due to the difference in sample size. As stated in a
paper by Dong et al., the diagnosis of APL cannot be solely
based on negative HLA-DR and CD34 expression [11].
Based on side scatter, APL is divided into two groups,
low SSC and high SSC [11,20], and in some studies, it is
stated that each group expresses the specific markers of
blastic or mature granulocytes. For example, it is mentioned
that CD117 expression is evident in blastic type and is not
seen in the granulocytic type [11]. We investigated CD117
expression on leukemic blasts of both groups and found
CD117 alone has a low specificity and sensitivity in differentiating APL from HLA-DR negative non-APL. Oelschlaegel
and colleagues also demonstrated that HLA-DR negative
non-APL patients can be negative for CD117, but APL cases
are CD117 positive [14]. Ferrari and colleagues found no
significant association between CD117 expression in APL
versus HLA-DR negative non-APL cases with cup-like
nucleus morphology [23].
Importantly, CD117 expression on HLA-DR negative
non-APL cases is mostly associated with positive CD34 and
weak MPO staining of blasts. On the other hand, in APL
patients, expression of CD117 was associated with dim
expression of CD64, and negative or dim expression of
CD117 is associated with brighter expression of CD64. This
combination is helpful to distinguish between APL and
HLA-DR negative non-APL. In our study, all cases, except
for one, were positive for CD117 expression, regardless of
the type of morphology or SSC features.
Considering the myeloperoxidase staining pattern results
in our study, using MPO staining can raise the sensitivity,
specificity, PPV, and NPV of the panel along with the
expression pattern of the mentioned markers. Similar to
APL, MPO reactions can be strong in cases of HLA-DR
negative non-APL, but the pattern of MPO positive staining
is different between these two groups and this difference is
mostly overt and clear. In this regard, the type of positive
reaction in non-APL cases is focal/granular and in APL is
diffuse. Considering these patterns, it is possible to differentiate the type of positive reaction of MPO in these two
groups despite their positivity. There was only an exception
with a 15-year-old girl with FAB-M1 morphology who had
a diffuse pattern of MPO staining, positive CD64, CD11b,
CD117, and negative HLA-DR, CD34, and PML-RARa
fusion gene transcript. Other flow cytometry studies have
found that heterogeneous expression of CD13, CD15, and
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negative CD34 are helpful to distinguish between HLA-DR
negative non-M3 AMLs and AML-M3 [24].

[11]

Conclusion

[12]

In summary, it may be concluded that HLA-DR-, CD11b-,
CD34-, CD64þ, CD9þ, and CD117/þ six-panel flow
cytometry could distinguish APL from HLA-DR negative
non-APL, which in combination with MPO staining, results
in 100% sensitivity and specificity.

[13]

[14]
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