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TO THE EDITOR:

To date eleven variant translocations have been characterized in acute promyelocytic 

leukemia (APL), all of which share the same C-terminal domains of RARA as in t(15;17)

(q24;q21) PML-RARA[1]. The N-terminal sequences of the fusions involve ZBTB16 
(PLZF) [2] in t(11;17)q(23;q21); NPM1[3] in t(5;17)(q35;q21); NUMA[4] in t(11;17)

(q13;q21); STAT5B [5] in t(17;17)(q21;q21); PRKAR1A[6] in t(17;17)(q21;q24); BCOR[7] 

in t(X;17)(p11;q21); FIP1L1 [8]in t(4;17)(q12;q21); NABP1 (OBFC2A) [9] in der(2)t(2;17)

(q32;q21); TBL1XR1 (TBLR1) [10] in t(3;17)(q26;q21); GTF2I [11] in t(7;17)(q11;q21); 

and IRF2BP2 [12]in t(1;17)(q42.3;q21.2). Though rare, these “experiments of nature” serve 

as important tools with which to dissect the pathways underlying leukemogenesis[13]. 

Leukemic cells from patients with classic t(15;17) PML-RARA rearrangement differentiate 

following exposure to all-trans retinoic acid (ATRA), underlying the clinical success of 

differentiation therapy in APL[14]. Yet, the responses of variant APL cases to ATRA has 

been variable: PLZF-RARA, STAT5b-RARA, and GTF2I-RARA patients are resistant to the 

differentiating effects of ATRA[11, 13] (though only one case of GTF2I-RARA has been 

reported).

To date three reports of IRF2BP2-RARA have been published. Response to ATRA has been 

inconsistent. In the first publication Yin et al. [12] reported a 19 yo woman who initially 

responded to a combination of ATRA, arsenic, and gemtuzumab ozogamicin (though the 

patient exhibited an atypically prolonged time for normalization of her coagulopathy). She 

received an eight-month course of consolidation with ATRA and arsenic, but relapsed 2 

months later, and received salvage therapy with ATRA, arsenic, and idarubicin, followed by 

allogeneic bone marrow transplant. The second case, reported by Shimomura et al. [15] was 

of a 68 yo woman initially treated with ATRA, in which idarubicin and cytarabine was 
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added on day 12. She did not achieve a complete remission, and was re-induced with 

gemtuzumab ozogamicin, only to relapse one year later. The third case[16] was of a 37 yo 

man who achieved a morphological, but not molecular remission with single agent ATRA; 

he achieved molecular remission only after addition of PETHEMA-based induction 

chemotherapy.

Herein we describe the fourth case of t(1;17) APL. A 34 year old white male presented in 

March 2016 with WBC 4,100 × 106/L, hemoglobin 9.3 gm/dL, and platelets 23,000 × 106/L 

with 40% neutrophils, 9% bands, 45% lymphocytes, 2% monocytes, and 4% blasts. PT was 

15.9 sec, D-dimer 37.21 mg/L, fibrinogen 397 mg/dL. Over the first week of his 

hospitalization, the patient was given single agent ATRA 24 mg/m2 daily while the 

diagnosis of APL was being confirmed. Over this time, the WBC rose to over 30,000 × 

106 /L. A bone marrow aspirate and biopsy revealed 89% immature cells expressing CD13, 

CD33, CD38(dim), CD45, CD117, CD123(dim), and myeloperoxidase[bright]; negative for 

HLA-DR. Cytogenetics revealed 45, X, -Y, t(1;17)(q42;q21), i(8)(q19). FISH and PCR did 

not reveal PML-RARA rearrangement. FISH using Vysis LSI RARA Dual Color, Break 

Apart Rearrangement Probe revealed one orange, one green and one fusion (1O1G1F) signal 

pattern, consistent with a variant RARA rearrangement. FISH also revealed a gain of 

RUNX1T1, consistent with the finding of iso(8)(q19).

To define the breakpoint, we extracted total RNA using TRIzol reagent according to 

manufacturer’s (Thermo Fisher, Waltham, MA) instructions. For RT-PCR, one μg of total 

RNA was reverse-transcribed using ProtoScript II First Strand cDNA Synthesis Kit (NEB, 

Ipswich, MA) and RARA specific primer (5’CGTCAGCGTGTAGCTCTCAG 3’). IRF2BP2 

specific forward primer (5’GAGAGCAGGACTGGGTCAAC3’ ) and RARA specific reverse 

primer (5’GGGCACCTCCTTCTTCTTCT3’) were used to detect a IRF2BP2/RARA fusion 

transcript. Sanger sequencing was performed using 3730xl DNA Analyzer (Thermo Fisher, 

Waltham, MA) at the Genomics Research Core of the University of Pittsburgh. BLAST 

software (http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used for analysis of the sequence data.

RT-PCR and sequencing of the amplified transcript identified the IRF2BP2-RARA 
breakpoint (Figure1). The breakpoint is at position 1031 of the IRF2BP2 cDNA (NCBI 

Reference Sequence: NM_001077397.1), and position 657 of the RARA cDNA (NCBI 

Reference Sequence: NM_000964.3).

IRF2BP2 is a nuclear protein that contains an N-terminal zinc-finger motif, and a C-terminal 

RING domain. It functions as a transcriptional co-repressor for IRF1. It has also been found 

to cooperate with nuclear factor of activated T cells (NFAT1) to control expression of genes 

involved in apoptosis, cell cycle, and differentiation [17]. The mechanism through which it 

acts as a co-repressor has not been carefully studied, though its refractoriness to HDAC 

inhibition suggests that it is not through recruitment of an NCoR/Sin3/HDAC complex [17]. 

The only other APL fusion partner with co-repressor activity is ZBTB16 (PLZF). As a result 

of its ability to anchor a co-repressor complex to its N-terminus, blasts expressing PLZF-

RARA are less responsive to ATRA, and t(11;17) patients fail to respond to ATRA[13]. 

Because of the potential similarity of mechanism to PLZF-RARA, and the variability of 
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clinical response of the prior cases of IRF2BP2-RARA to ATRA, we performed an in vitro 
analysis of the sensitivity of t(1;17) primary blasts to ATRA.

Samples taken for in vitro analyses were obtained following informed patient consent and 

hospital IRB approval. The mononuclear compartment of the peripheral blood obtained one 

week after diagnosis was purified by Ficoll-Paque (GE Healthcare, Pittsburgh PA) density 

centrifugation and cultured in Teflon bottles (VWR, Bridgeport NJ) in medium containing 1 

uM ATRA (Sigma, St. Louis, MO) or ethanol (vehicle) for five days. Cells were incubated 

with PE-conjugated anti–CD11b or isotype matched antibody (BD Biosciences) for analysis 

with a Coulter Epics XL Flow Cytometer (Beckman Coulter, Fullerton CA). Morphological 

analysis was performed on Wright-Giemsa stains of cytospin preparations. 

Photomicrographs were taken through an Olympus microscope with a 60x oil-immersion 

objective lens (using the software SPOT 5.1).

NBT staining was performed by mixing cell suspensions with an equal volume of a solution 

containing nitroblue tetrazolium (2 mg/mL), bovine albumin (17 mg/mL), and TPA (2 

μg/mL) at 37°C for 30 min. Following incubation, the medium was discarded and formazan 

deposits were dissolved by adding 100 μl of dimethyl sulfoxide (DMSO). Optical density 

was measured at 570 nm.

Cells cultured for 5 days with Ethanol (vehicle) (Figure 2A) showed monolobar nuclei with 

cytoplasmic granulations similar to the morphology of the patient’s cells when introduced 

into culture at day 0 (not shown). By contrast, cells cultured with ATRA showed more 

abundant cytoplasm with segmentation of the nuclei, consistent with maturation towards 

neutrophils.

The myeloid differentiation marker CD11b is expressed on myelocytes, metamyelocytes, 

bands, and mature neutrophils, but not promyelocytes [18]. Figure 2B indicates acquisition 

of CD11b expression in cells cultured with ATRA, compared with vehicle, indicative of 

differentiation of the cells incubated with ATRA but not vehicle. Maturation of the cells was 

also determined by assessing acquisition of NADPH oxidase activity by nitro-blue 

tetrazolium (NBT) reduction (Figure 2C).

We confirmed the presence of an IRF2BP2-RARA fusion in our patient by RT-PCR and 

sequencing of the amplified transcript. The fusion cDNA would encode a predicted in-frame 

fusion protein containing the N-terminal 333 amino acids of IRF2BP2 linked to the C-

terminal 402 amino acids of RARA; the fusion generates an extra alanine at the breakpoint. 

The breakpoint is at the same exon as in the other RARA fusions. This is the same 

breakpoint as described by Shimomura et al. [15], who also noted a second transcript. The 

breakpoint in the IRF2BP2 sequence is 48 bases 5’ to that described by Jovanovic et al. [16], 

and 637 bases 5’ to that described by Yin et al. [12] The RARA sequence-specific reverse 

transcriptase primer that we used to generate the cDNA precluded the identification of a 

possible reciprocal transcript in our patient; a reciprocal transcript has not been reported in 

the other cases.

The patient was treated initially per the GIMEMA protocol with idarubicin 12 mg/m2 × 4 

doses and daily ATRA 45mg/m2, and subsequent consolidation with three cycles of 45 
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mg/m2 ATRA, 5 mg/m2 idarubicin x 4 days and 1 gm/m2 cytarabine x 4 days. Complete 

cytogenetic remission was achieved. Eighteen months after diagnosis he remains in 

complete remission.

We found that the t(1;17) blasts differentiated in vitro in an analogous fashion to t(15;17) 

blasts [13]. This is in concordance with the data of Jovanovic et al. [16], who found that 

ectopic expression of IRF2BP2-RARA cDNA in lin- murine progenitor cells rendered them 

ATRA sensitive. Indeed, our patient responded well to induction chemotherapy with the 

ATRA-containing GIMEMA protocol. At 18 month follow-up he remains in remission. We 

conclude that the t(1;17) APL blasts are sensitive to ATRA, and recommend that t(1;17) 

patients be treated with an ATRA-based regimen.
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Figure 1. 
Partial sequence of the IRF2BP2-RARA fusion cDNA, highlighting the breakpoint.
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Figure 2A. 
Wright-giemsa stains of cytospin preparations of the t(1;17) blasts cultured in Ethanol or 1 

μM ATRA.

Mazharuddin et al. Page 7

Leuk Lymphoma. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2B. 
Flow cytometric analysis of t(1;17) blasts cultured for 5 days with ethanol or 1 μM ATRA, 

stained with no antibody, isotype control, or CD11b antibody.
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Figure 2C. 
NBT analysis of t(1;17) blasts cultured in ethanol or 1 μM ATRA. Presented is the mean of 

triplicate measurements.
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