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Abstract

Acute promyelocytic leukemia (APML) with variant RARa translocations comprises 1–2% of
APML cases. However, the diagnosis of these cases is challenging as the routine practice
includes fluorescence in situ hybridization (FISH) reverse transcription polymerase chain reac-
tion targeting the PML and RARA genes to detect PML/RARA fusions. Here, we report a case
highlighting the importance of atypical FISH signal patterns in standard dual-color dual-
fusion PML/RARa FISH analysis complimented by karyotyping to detect these variant RARA
translocations.
� 2017 King Faisal Specialist Hospital & Research Centre. Published by Elsevier Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
Introduction

Acute promyleocytic leukemia (APML) is characterized by
accumulation of immature promyelocytes following a matu-
ration block as a result of the rearrangement of the RARa
gene; most commonly due to a reciprocal translocation
between the long arms of the chromosomes 15 and 17.
t(15;17) (q22;q22) results in the fusion of the RARA gene
on 17q22 with the PML gene on chromosome 15q22 giving
rise to the PML/RARA fusion gene product. The diagnosis
of APML arising from reciprocal t(15;17) relies on morpho-
logical evaluation, immunophenotyping, and cytogenetic
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and/or molecular analysis. Fluorescence in situ hybridiza-
tion (FISH) analysis using dual color dual-fusion probes is
the most frequently used method to demonstrate the
PML/RARA fusion at diagnosis, as it ensures early results
with a short turnaround time.

Approximately 1–2% of APML patients do not harbor the
PML/RARA fusions and show variant translocations involving
the RARA gene and other partner genes [1,2]. As these vari-
ant translocations are rare, standard diagnostic laboratory
algorithms do not include specific probes or primers to diag-
nose these rare variants. One strategy to identify these vari-
ants has been to use FISH analysis using a RARA break apart
probe. The above-mentioned strategy can identify RARA
gene rearrangements but does require metaphases to iden-
tify the partner chromosome or gene. Clinically, it is essen-
tial to identify the partners because patients with t(11;17)
do not respond to the standard all-trans retinoic acid (ATRA)
therapy and have to be treated with a more intensive acute
myeloid leukemia protocol.

Systematic cytogenetic testing that includes karyotyping
and FISH using the commonly available PML RARA dual-color
dual-fusion probe can diagnose these rare RARa variants.
Here, we report a case highlighting the importance of atyp-
ical FISH signal patterns in standard dual-color dual-fusion
PML/RARA FISH analysis complimented by karyotyping to
detect these variant RARA translocations.

Case report

A 27-year-old man presented to his general practitioner
with a history of generalized weakness and low-grade fever
in December 2015. His investigations at that time revealed
leukocytosis with shift to left and mild thrombocytopenia.
Subsequent bone marrow examination showed hypercellu-
lar marrow with >90% hypogranular promyelocytes, sugges-
tive of APML. His PML/RARa transcript analysis by reverse
transcription polymerase chain reaction (RT-PCR) done out-
side was negative. However, in view of morphological diag-
nosis, the patient was started with the single agent ATRA
(80 mg daily). At 3 months after treatment with ATRA,
his peripheral blood counts showed a decrease in leukocyte
count, with 20% atypical cells. The patient at this time
point was referred to us. At the time of his visit, he had
mild weakness and had been treated with ATRA for the past
3 months. His general physical examination was unremark-
able. The patient did not have bleeding or body rashes. His
recent ultrasound examination of the whole abdomen
showed mild splenomegaly (11.2 cm) and bilateral renal
parenchymal disease. In view of the presence of atypical
cells in the peripheral blood, a repeat bone marrow exam-
ination with conventional karyotyping, FISH for PML/RARa
fusion, and PML/RARa transcript analysis by RT-PCR was
advised.

His bone marrow examination revealed �77% atypical
cells/promyelocytes (medium- to large-sized cells with pre-
dominantly round nuclei, occasional prominent nucleoli,
and moderate to abundant hypogranular cytoplasm; many
of such cells were also exhibiting one to multiple Auer rods),
favoring a diagnosis of APML. Flow cytometric immunophe-
notyping from bone marrow aspirates showed features con-
sistent with APML (cells with moderate to high side scatter
and dim to moderate CD45 coexpressing cMPO/CD117/
CD13/CD33). RT-PCR for PML/RARa transcript was negative.
FISH using dual-color dual-fusion PML/RARA probe (Vysis;
Abbott, Illinois, USA) showed an additional spectrum green
(RARA) signal. On metaphase FISH analysis, the extra spec-
trum green signal was observed to be on a different chromo-
some. A FISH report of a possible variant translocation was
given. Consequently, cytogenetic analysis of 16 metaphases
from bone marrow aspirate samples showed the presence of
a neoplastic clone characterized by a balanced transloca-
tion between the long arms of chromosomes 11 and 17 in
13 metaphases. Ten of these metaphases showed loss of
sex chromosome, Y. This is consistent with APML with vari-
ant RARa translocation involving the ZBTB16 gene at 11q23
and RARa gene at 17q21 (Fig. 1). The patient was started
with conventional 3 + 7 (daunorubicin + cytarabine)
chemotherapy. Post-induction Day 14 bone marrow exami-
nation was suggestive of persistent disease with the pres-
ence of �16% abnormal promyelocytes/blasts. However,
the patient was clinically stable with negligible transfusion
requirement. He was planned for allogenic transplant
bridged by azacytidine treatment. The patient however
opted out of definitive treatment and was lost to follow-up.

Discussion

To date, seven different translocation partners of RARa
gene have been described with clinical and pathological
findings similar to APML [3–6]. These include t(15;17)
(q22;q21) PML/RARA, t(11;17)(q23;q21) ZBTB16/RARA,
t(11;17)(q13;q21) NUMA/RARA, t(5;17)(q35;q21) NPM/
RARA, der(17) STAT5B/RARA, der(17) PRKAR1a/RARA, t
(X;17)(p11;q12) BCOR/RARA, and t(4;17)(q12;q21) FIP1L1/
RARA. These findings are indicative of the key role of RARa
in the pathogenesis of the disease. It is essential to identify
the partner chromosomes taking part in the RARA gene rear-
rangement as patients harboring t(11;17)(q23;q21) ZBTB16/
RARA and der(17) STAT5B/RARA rearrangements show poor
response to ATRA [3].

Among these variants, t(11;17)(q23;q21), which fuses
ZBTB16 (formerly PLZF – promyelocytic leukemia zinc fin-
ger) with RARa and results in the production of the
ZBTB16/RARa fusion protein and RARa/ZBTB16 reciprocal
fusion protein, comprises 0.8% of all cases of APML. It is
the second most common translocation and was first
described in 1994 [7–9]. The morphological findings in these
variant APML cases were described and include the presence
of regular round nuclei, abundant cytoplasm containing
coarse granules, and usually a lack of Auer rods [10]. By con-
trast, our patient showed blasts with the presence of multi-
ple Auer rods. These patients have poor prognosis in
comparison to PML/RARa-positive patients.

Currently, the diagnosis of APML heavily relies on detec-
tion of PML/RARa fusion transcripts by RT-PCR. There is an
inherent possibility with this methodology that a patient
harboring any of these variant translocations (i.e., other
than PML/RARa) would be missed. Herein lies the impor-
tance of conventional karyotyping and FISH. Conventional
karyotyping would be helpful in picking up these variant
translocations except in cases with cryptic translocations.
FISH analysis using dual-color breakapart probes will also



Fig. 1 (A) Photomicrograph with medium to large sized blasts with regular round nuclei and moderate amount of cytoplasm. (B)
Blasts with multiple Auer rods. (C) Flow scatter plot (tumor population – green) – tumor cells with moderate CD45 and moderate to
high side scatter showing positivity for CD13/CD33/cMPO, and negativity for expression of other markers including CD34/HLA-DR.
(D) Bone marrow aspirate karyogram with t(11;17) – red arrows and loss of chromosome Y. (E) Dual-color dual-fusion fluorescence
in situ hybridization analysis on interphase cells showing three green signals.
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help in detecting splitting of RARa signals in interphase
nuclei, as reported by others [4–6].

Although commercial fusion probes designed to detect
ZBTB16/RARA fusions are not used commonly, the fusion
can be identified through metaphase FISH analysis using a
RARA breakapart probe or by studying metaphases using a
the standard dual-color dual-fusion PML/RARA probe. In
our patient, a metaphase FISH study matched with GTG-
banded karyotype, helped identify the variant fusion, high-
lighting the importance of metaphase FISH in patients with
atypical interphase FISH patterns. An additional RARA signal
on FISH analysis using standard dual-color dual-fusion PML/
RARA indicates the presence of a variant translocation and
either FISH analysis using a RARA breakapart probe or meta-
phase analysis should be used to confirm the same.

This brief communication adds to the literature on this
rare entity, highlighting the challenges in diagnosis and
management, reiterating the poor prognosis associated with
this entity.
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