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Abstract

Per the 2017 WHO, several translocations have been described that are sufficient for the diagnosis of acute myeloid leukemia
with myelodysplasia-related changes (AML-MRC) (assuming no prior therapy and >20% myeloblasts present in blood or bone
marrow), including the t(1;3)(p36;q21). This translocation juxtaposes the RPN/ gene (3q21.2) promoter upstream of the
PRDM16 gene (1p36) resulting in PRDM16 overexpression. While uncommon, PRDM16 overexpression is considered an
unfavorable prognostic finding in myeloid neoplasms. A variant PRDM16 rearrangement t(1;2)(p36;p21) has been rarely de-
scribed in various hematologic neoplasms, including two cases of myelodysplastic syndrome and one case each of myelofibrosis
and T-lymphoblastic leukemia. We describe the first case to our knowledge of t(1;2)(p36;p21) observed in AML-MRC. In
addition, a next-generation sequencing strategy, mate-pair sequencing (MPseq) was performed and revealed the promoter 2
region of THADA (2p21) was juxtaposed upstream from PRDM 16 which may be responsible for PRDM 16 overexpression that
has been reported in hematologic neoplasms harboring the t(1;2)(p36;p21).

Keywords PRDM16 - THADA - Acute myeloid leukemia with myelodysplasia-related changes (AML-MRC) - Mate-pair
sequencing (MPseq)

Introduction gene fusions that encode chimeric proteins [1]. While less

commonly observed in AML with myelodysplasia-related
Recurrent balanced chromosomal rearrangements in acute  changes (AML-MRC), several reciprocal translocations have
myeloid leukemia (AML) have diagnostic-, prognostic-, and/  been described that are sufficient for the diagnosis of AML-
or treatment-related significance and the majority result in ~~ MRC (assuming no prior therapy and >20% myeloblasts
present in blood or bone marrow), including the
t(1;3)(p36;q21) [2]. Instead of creating a gene fusion, the 1;3
translocation juxtaposes the RPNI gene (3q21) promoter up-
stream of the PRDM16 gene (1p36), resulting in aberrant tran-
scriptional upregulation of PRDM16 [3, 4]. Highly homolo-
Department of Laboratory Medicine and Pathology, Mayo Clinic, gous to the MECOM gene region (3q26), PRDM16 has been
Rochester, MN 55905, USA shown to play a critical role in hematopoietic stem cell main-
Division of Laboratory Genetics and Genomics, Department of tenance and renewal and is overexpressed in leukemic cells
Laboratory Medicine and Pathology, Mayo Clinic, 200 First Street, [3-5]. Furthermore, overexpression of the PRDM16 gene has

P4 Jess F. Peterson
peterson.jess@mayo.edu

Rochester, MN 55905, USA been associated with an unfavorable prognosis in myeloid
*  Sanford Laboratories, Fargo Region Pathology, Fargo, ND 58102, neoplasms [4, 6, 7].
USA A rarely described PRDM16 translocation variant

*  Center for Individualized Medicine — Biomarker Discovery, Mayo t(1;2)(p36;p21) is hypothesized to result in PRDM16
Clinic, Rochester, MN 55905, USA

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12308-019-00348-w&domain=pdf
mailto:peterson.jess@mayo.edu

86 J Hematopathol (2019) 12:85-90
a - )
' ! ﬁv« & ; aa
& “_'! ™ !
1 2 3 4 5
& 8 gg w: n Q ‘ e ' "W
1] 78 && S8 B® g% AR
6 7 8 9 10 1 12
13 14 15 16 17 18
- 4. ‘\-J 2 PPN - v - a é
19 20 21 22 X Y

t(1;2)(p36.1;p21)

Fig. 1 Representative conventional chromosome and FISH images. a
Karyogram demonstrating a t(1;2)(p36.1;p21). This translocation was
observed in all 20 metaphases analyzed. b Representative interphase
nuclei demonstrating three PRDM 16 signals (red) indicated by arrows.
This signal pattern was observed in 413 (82.6%) of 500 interphase nuclei.

overexpression due to the juxtaposition of regulatory elements
from 2p21, specifically THADA [4, 8]. To date, only four
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¢ Sequential FISH studies using the PRDM16/RPN1 D-FISH probe set
illustrating the locations of the three PRDM16 signals (red). The
PRDM16 FISH probe hybridized to the normal chromosome 1p and at
the translocation breakpoints on the derivative chromosomes 1p and 2p
(arrows)

cases have been described that harbor t(1;2)(p36;p21), includ-
ing two cases of myelodysplastic syndrome (MDS) and one
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Fig. 2 Mate-pair sequencing (MPseq) results visualized in SVAtools. Junction plot demonstrating a translocation between 1p36.32 and 2p21. Note that
while both breakpoints involved intergenic regions, the PRDM16 FISH probe was disrupted (horizontal red bar)

case each of myelofibrosis and T-lymphoblastic leukemia (T-
ALL) [4, 8, 9]. We describe the first case to our knowledge of
a t(1;2)(p36;p21) observed in AML-MRC. To further charac-
terize this rearrangement, we utilized a next-generation se-
quencing strategy, mate-pair sequencing (MPseq), to define
the translocation breakpoints with greater resolution and pre-
cision compared to traditional cytogenetic methodologies.

Clinical history

A 35-year-old female underwent a bone marrow biopsy for
pancytopenia evaluation. Hematologic data obtained from a
peripheral blood specimen included a hemoglobin of 5 g/dL
(12.0-15.5 g/dL), hematocrit of 14.7% (34.9-44.5%), red
blood cell count of 1.2 x 10'%/L (3.90-5.03 x 10'%/L), white
blood cell count of 1.86 x 10°/L (3.5-10.5 x 10°/L), and plate-
let count of 72 x 10°/L (150-450 x 10°/L). The peripheral
blood smear revealed macrocytic normochromic red cells with
marked absolute neutropenia, a rare circulating blast, and
moderately decreased platelets. The bone marrow aspirate
smears showed decreased erythroid precursors with nuclear
irregularity and asynchronous maturation, and decreased
granulopoiesis with hypogranular and abnormal segmentation
of the neutrophils. The bone marrow biopsy was mildly
hypocellular (30-40%) with 16% myeloid blasts, 6%

promonocytes, 17% monocytes, and increased numbers of
dysplastic appearing megakaryocytes, several of which were
small and hypolobated. Immunohistochemistry with CD34
demonstrated overall positivity in approximately 20% of nu-
clei with occasional small clusters. Flow cytometry of the
bone marrow revealed 10% myeloid blasts [positive for
CD117, CD34, HLA-DR (variable), CD33 (dim partial),
CD13 (dim partial), and CD64 (dim partial)] and 17% mono-
cytes with an aberrant immunophenotype [positive for CD14
(variable), CD64, HLA-DR, CD33, and CD13 (partial and
variable)]. Based on these findings, a diagnosis of AML-
MRC was rendered.

Materials and methods

Conventional chromosome and fluorescence in situ
hybridization studies

All genomic studies were performed on the diagnostic bone
marrow aspirate specimen. For conventional chromosome
studies, G-banding by trypsin using Leishman stain was per-
formed on bone marrow cells that were cultured and harvested
as per protocol. A total of 20 metaphases were fully analyzed.
The bone marrow aspirate specimen was processed for fluo-
rescence in situ hybridization (FISH) according to specimen-
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Fig.3 A focused view of the t(1;2)(p36.32;p21). Dashed horizontal black
lines indicate breakpoints on the derivative chromosomes 1 and 2. This
translocation juxtaposes the promoter 2 region of THADA upstream from
PRDM]16. The translocation breakpoint on 1p is also consistent with a

specific laboratory protocols and subjected to standard pre-
treatment, hybridization, and fluorescence microscopy. A
“laboratory developed” PRDM16/RPNI dual-color dual-fu-
sion (D-FISH) probe set was utilized. Conventional chromo-
some and FISH results were interpreted by a board-certified
clinical cytogeneticist (ABMGG).

Mate-pair sequencing

DNA was processed using [llumina Nextera Mate Pair library
kit (TIllumina, San Diego, CA), multiplexed at two samples per
lane, and sequenced on the Illumina HiSeq 2500 using 101-
basepair reads and paired end sequencing in Rapid Run mode.
Data were aligned to the reference genome (GRCh38) using
BIMAV3, and abnormalities were identified and visualized
using SVAtools and Ingenium, both in-house developed bio-
informatics tools [10, 11].
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disruption of the PRDM16 FISH probe and a translocation of a portion of
the PRDM16 FISH probe to the derivative 2p, as observed by PRDM 16/
RPNI D-FISH studies

Results

Conventional chromosome studies identified an apparently
balanced t(1;2)(p36.1;p21) in all 20 metaphases analyzed
(Fig. 1a). The PRDM16/RPN1 D-FISH probe set did not dem-
onstrate fusion of these two probes, but revealed a third
(additional) PRDM16 signal in 413 (82.6%) of 500 interphase
nuclei (Fig. 1b). Sequential FISH studies with the PRDM16/
RPN D-FISH probe set indicated the three PRDM 16 signals
were located on the normal chromosome 1p, on the derivative
chromosome 1p, and on the derivative chromosome 2p
(Fig. 1c).

To further interrogate the 1;2 translocation, MPseq was
performed and characterized the translocation between
1p36.32 and 2p21. This translocation did not result in a chi-
meric fusion gene (Fig. 2); however, this rearrangement jux-
taposed the promoter 2 region of the THADA gene approxi-
mately 267 kb upstream from the PRDMI16 gene region
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Table 1 Mate-pair (MPseq) and Sanger sequencing results for t(1;2)(p36;p21)
Event description ~ MPseq event/position ~ Breakpoint by Breakpoint by Gene/ Primer sequence
Sanger [hg38] MPseq [hg38] locus
t(1;2)(p36;p21) FR/position A chr1:2,958,736 chr1:2,959,073 No gene CCCATCATCAGAGATGCATCCATTTAT
FR/position B chr2:43,060,174  chr2:43,059,810  No gene GAGACAGGAAGTAGAAGATGACAGTT
TC

RF/position A chr1:2,938,039 chr2:2,937,968 No gene GTCCATCACTAAGTGGATAAAGAGGAA
RF/position B chr1:43,077,798  chr2:43,077,895  No gene CTCTTCCACTATTAGCTCCACTCTATTC

(Fig. 3). Sanger sequencing subsequently confirmed the trans-
location breakpoints identified by MPseq (Table 1). While this
translocation did not disrupt the PRDM16 gene, the 1p36.32
breakpoint “disrupted” the PRDM16 FISH probe footprint
resulting in a PRDM16 FISH signal located at the transloca-
tion breakpoints on each of the derivative chromosomes 1p
and 2p (Fig. 3).

Discussion

Upregulation of the PRDM16 gene by promoter swap is a
distinct entity in myeloid neoplasms and is associated with
an unfavorable prognosis [4]. While the t(1;3)(p36;q21) is
the most common rearrangement associated with PRDM16
upregulation, four cases of hematologic neoplasms have been
described in the literature that harbor the rare variant,
t(1;2)(p36;p21). Duhoux et al described a 63-year-old male
with myelofibrosis and a 79-year-old female with T-ALL,
each harboring a t(1;2) that was postulated to involve the
THADA gene region (as defined by FISH studies) [4].
Moreover, overexpression of the PRDM16 gene was con-
firmed in the case of T-ALL by gene expression studies.
Similarly, a t(1;2) involving the THADA gene region by
FISH was also observed in a 70-year-old female with MDS
that resulted in upregulation of PRDM16 by gene expression
studies [8]. Lastly, Masuya et al described a similar t(1;2) ina
55-year-old female with therapy-related MDS, although nei-
ther FISH nor PRDM16 gene expression studies were per-
formed [9]. In addition, while only evaluated thus far in a
single patient, gene expression of THADA may not be com-
promised due to the t(1;2) as demonstrated by gene expression
studies performed on the 70-year-old female with MDS [8].
Adding to the literature, we are describing the youngest
patient harboring a t(1;2)(p36;p21), a 35-year-old female with
a diagnosis of AML-MRC. We verified a disruption of the
PRDM]16 gene region by FISH analysis (Fig. 1), performed
MPseq, and revealed a translocation between intergenic chro-
mosomal regions 1p36.32 and 2p21 (Fig. 2). While a fusion
gene was not created, promoter 2 of THADA was juxtaposed
267 kb upstream from PRDM16 (Fig. 3). Although PRDM16
gene expression studies were not performed on our case,

MPseq results indicate the promoter 2 region of THADA likely
represents the previously uncharacterized regulatory element
within the 2p21 chromosome region that is responsible for
PRDM16 overexpression in these rare cases with a
t(1;2)(p36;p21). While MPseq further characterized this trans-
location, conventional chromosome analysis would be suffi-
cient to detect and monitor a hematologic neoplasm harboring
the t(1;2)(p36;p21).

In summary, we further characterized t(1;2)(p36;p21) in-
volving the PRDM16 and THADA gene regions by MPseq
in a newly diagnosed case of AML-MRC. Although
PRDM16 gene expression studies were not performed, juxta-
position of the promoter 2 region of THADA upstream of the
PRDM16 gene is likely responsible for PRDM16 overexpres-
sion that has been reported in the various hematologic neo-
plasms harboring a t(1;2)(p36;p21) [4, 8].
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