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Abstract

We herein report a rare case of acute myeloid leukemia (AML) with t(11;12)(p15;q13) and NUP98::RARG, which seems to
be involved in the development of AML. The morphological features were similar to those of classic acute promyelocytic
leukemia (APL), but unlike classic APL, this leukemia was resistant to treatment with all-trans retinoic acid (ATRA). We
decided to use standard chemotherapy for AML with monitoring of minimal residual disease (MRD) by qualitative reverse
transcriptase—polymerase chain reaction (RT-PCR) analysis for NUP98::RARG mRNA. Although MRD disappeared after
induction chemotherapyj, it later reappeared, and hematological relapse occurred during subsequent chemotherapies. The
patient received haploidentical hematopoietic stem cell transplantation while not in remission and achieved a second molecu-
lar remission. However, relapse occurred 4 months after transplantation. The specific mechanism of ATRA resistance in this
unique case of AML remains unclear, and no standard treatment has been determined. This is the first case report of AML
with NUP98::RARG rearrangement in Japan. Qualitative RT-PCR analysis for NUP98::RARG mRNA was helpful for the

accurate diagnosis and evaluation of MRD to choose an adequate treatment for this type of AML.

Keywords Acute promyelocytic leukemia - NUP98 - RARG - Haploidentical transplantation

Introduction

The Nucleoporin 98 (NUP98) gene on chromosome 11p15
encodes part of the nuclear pore complex, which is responsi-
ble for protein and RNA transport through the nuclear mem-
brane [1, 2]. NUP98-fused oncogenes can be observed in
various hematological malignancies, especially in pediatric
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acute myeloid leukemia (AML). To date, more than 30
partner genes have been identified [1]. There are few acute
promyelocytic leukemia (APL) phenotypes in the French
American British (FAB) classification. Among the NUP9S§-
fused proteins, the N-terminus of NUP98 alters the tran-
scriptional activity of the partner protein at the C-terminus,
which is thought to play a key role in leukemogenesis [3, 4].
The cases of AML with an NUP98-fused gene are catego-
rized as a subset of high-risk leukemia [1].

In contrast, most cases of APL show rearrangement of
retinoic acid receptor alpha (RARA), which belongs to the
retinoic acid receptor subfamily [5]. Recently, AMLs with
retinoic acid receptor gamma (RARG) rearrangement have
been reported, the morphology of which resembles that of
classic APL with PML::RARA rearrangement [6]. Similar
to RARA, RARG is a retinoic acid-inducible transcriptional
factor whose RARG gene is located on chromosome 12q13
[5].

In this report, we present a rare case of AML with
t(11;12)(p15;q13) having NUP98::RARG fusion. We also
review unique cases of AML that have been reported in the
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relevant literature, highlighting characteristics such as mor-
phological features, treatment, and the prognosis.

Case presentation

A 44-year-old woman with leukopenia and thrombocyto-
penia was referred to our hospital. A blood examination
showed cytopenia and fibrinolytic abnormalities: white
blood cell count, 600/pL (neutrophils 62%, lymphocytes
35%, monocytes 2%, basophils 1%, and no blasts); hemo-
globin concentration, 12.0 g/dL; platelet count, 34 x 10°/uL;
fibrin degradation products, 41.2 pg/mL (reference value:
0.0-5.0 pg/mL); D-dimer, 17.7 pg/mL (reference value:
0.0-1.0 pg/mL). Neither the prothrombin time nor the acti-
vated partial thromboplastin time was prolonged.

Bone marrow (BM) aspiration revealed that 75.4% of the
nucleated cells were abnormal tumor cells with invaginated
or roughly lobed nuclei and rich azurophilic granules or
Auer rods in the cytosol (Fig. 1A), which were strongly posi-
tive on peroxidase staining. A fluorescence-activated single
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Fig.1 A bone marrow analysis at the diagnosis. A May-Giemsa
staining of bone marrow at the diagnosis before the administra-
tion of ATRA (x400). The nucleus has invaginations or rough loca-
tions, and the cytosol is rich in Azur granules or Auer rods. These
morphological features closely resemble those of classic APL cells.B
Bone marrow after a 3-day use of ATRA (x400). The cells showed
almost no change in comparison to picture (A), and no apoptotic cells
were observed.C Three karyotypes were detected: 46, XX, t(11;12)
(p15;q13) [10]/47, idem, mar] [3]/46, XX [7]. This figure represents
the second type. The marker chromosome was derived from chromo-
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cell sorting analysis (threshold: 20%) showed that surface
markers on leukemic cells were positive for MPO, CD4,
CD7,CD13, CD14, CD33, CD117, and HLA-DR, whereas
negative for CD1a, CD2, CD3, CDS5, CD8, CD10, CD19,
CD20, CD22, CD30, CD34, CD38, CD41, CD56, CD138,
GP-A, and TdT.

As classic APL was strongly suspected, prompt treat-
ment with all-trans retinoic acid (ATRA) was initiated after
admission (day 1). However, her peripheral blood count was
unaffected, and her fibrinolytic abnormalities worsened.
In addition, re-examination of the patient’s BM on day 4
showed no significant morphological changes in the tumor
cells (Fig. 1B), with increased leukemic cells (Table 1).

Since her leukemia cells were resistant to ATRA, stand-
ard induction chemotherapy for AML with idarubicin and
cytarabine was initiated on day 9, and ATRA was discon-
tinued on day 15.

Molecular and cytogenetic analyses of the patient’s BM
revealed that abnormal karyotypes containing t(11;12)
(p15;q13) were present in 10 of 20 cells (Fig. 1C), and
the PML::RARA fusion gene was not detected by reverse

D) ™ Nc Pt
-
! M: Marker
NC: Negative Control
ped € 741 bp Pt: Patient
o
.
(E)
CCCAGGCCCCAGTAGICGGTGGAGACACAGA
NUP98 ex12 | RARG ex4
F)

€.920-5C>T heterozygous mutation
I

v
CCTCTTTHECTAGICACTGC CCAACA

some 21 according to a SKY-FISH analysis (data not shown). D E
An RT-PCR analysis of bone marrow cells revealed the presence of
the NUP9S::RARG fusion gene. D Gel electrophoresis detected 741-
bp NUP98::RARG transcripts. E A chromatogram and base call of
the direct sequence analysis, which revealed that NUP98 exon 12 was
fused in-frame with RARG exon 4. F To confirm the second-hit muta-
tion, we performed direct sequence analyses for TP53, WT1, IDH2,
NRAS, KRAS, FLT-ITD, FLT-TKD, HRAS, PTPNI11, KIT, NPM1.
Heterogeneous mutations were detected in the introns of 7P53. The
mutation was described as ¢.920-5C>T
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Table 1 Change of the residual disease in bone marrow

Timing At diagnosis Afterl +A (day 39) After After After After A+ tri-
M+A D+A(day A+A(day pleV (day

Before ATRA ATRA day 4 (day 98) 157) 207) 245)

Microscopic leukemic cells (%) 75.6 92.4 <5 <5 <5 <5 <5

t(11;12)(p15;q13) by G-Band (/20) 13 6 0 0 0 1 0

NUP9S FISH (%) 94 (ND) 0 0 0 0 0

WTI mRNA (copies/ugRNA) (ND) 6.8x10* 6.6x10° (ND) 38x10° 4.0x10°  3.6x10°

NUP98::RARG mRNA + (ND) - - + (ND) +

I+ A: idarubicin +cytarabine as induction chemotherapy, M+ A: mitoxantrone + cytarabine, D+A: daunorubicin + cytarabine, A+A: aclaru-
bicin+cytarabine, A+ triple V: cytarabine 4 etoposide + vincristine 4 vindesine, ATRA: all-trans retinoic acid, FISH: florescence in-situ hybridi-

zation, ND: no data

transcriptase—polymerase chain reaction (RT-PCR). How-
ever, NUP98 split signals were positive in 94.0% of inter-
phase fluorescence in-situ hybridization (FISH) analyses.

AML with NUP98::RARG rearrangement was suspected
because her clinical features and karyotype were similar to
those of a previous case [7]. To identify the specific fusion
gene by RT-PCR, we prepared the following primers:
NUP9S forward, 5 -TTGGCACAAATACCAGTGGG-3’ and
RARG reverse, 5’-CCCAGCAAAGGCAAAGACAA-3. As
a result, NUP98::RARG fusion was detected (Fig. 1D), and
the patient was diagnosed with AML with NUP98::RARG
rearrangement.

Direct sequence analyses were also performed to identify
the breaking points of both NUP98 and RARG genes and
to confirm the accompanying second-hit mutations. As a
result, NUP98 exon 12 was fused in-frame to RARG exon 4
(Fig. 1E), as previously reported [7—13]. In addition, a hete-
rozygous mutation in the intron of 7P53 (c.920-5C > T) was
detected (Fig. 1F). There were no mutations in WT'I, IDH],
IDH2, NRAS, KRAS, HRAS, FLT3-tyrosine kinase domain
(TK), FLT3-internal tandem duplication (ITD), PTPNI1,
KIT, or NPM1 (data not shown).

A BM examination (day 39) revealed molecular com-
plete remission (CR) because the patient was negative for
minimal residual disease (MRD), as assessed by RT-PCR
for NUP98::RARG mRNA. However, the TP53 mutation
remained in the same BM sample (Fig. 2), thus indicating
that there was a single nucleotide polymorphism (SNP)
(https://www.ncbi.nlm.nih.gov/snp/rs34361146).

Since no appropriate stem cell donors were available
from her siblings, the domestic BM or cord-blood banks,
4 courses of consolidation chemotherapy were planned
in accordance with the JALSG AML201 protocol [14].
Although a molecular CR was maintained (day 98) after
the first course of consolidation therapy, marrow MRD of
NUP98::RARG fusion mRNA (day 157) was detected after
the second consolidation therapy. After the third consoli-
dation therapy, one cell with an obviously abnormal kar-
yotype of 46 XX, t(3;17)(q21;q21.2), t(11;12)(p15;q13),

¢.920-5C>T heterozygous mutation
|

v

CCTTGCCTCTTTTC CTAG|ICACTGC CCA

Fig.2 To confirm whether the 7P53 mutation found at the time of
diagnosis is a somatic mutation or a germline polymorphism, we per-
formed a direct sequence analysis again using extracted DNA from
a bone marrow sample taken on day 39 when molecular complete
remission had been achieved. A heterogeneous mutation of ¢.920-
5C>T in TP53 was detected which was identical to the mutation
which had been found at the time of diagnosis (Fig. 1F), thus indicat-
ing that it was derived from a germline

was detected in 20 analyzed cells in BM, which indicated
cytogenetic relapse (day 207). The additional breakpoint of
17g21.2 was not associated with the RARA gene by FISH
analysis. The patient remained positive for MRD until day
245, although the karyotype returned to normal after the
fourth consolidation therapy. The patient was transferred to
an advanced treatment hospital for haploidentical hemat-
opoietic stem cell transplantation (HSCT).

The patient then received one course of combination
chemotherapy with azacitidine and venetoclax as bridg-
ing therapy because dental management was needed before
HSCT. However, hematological relapse occurred in the
BM; 71.8% of the promyelocytes were abnormal (day 301).
Although she then received 5 days of high-dose cytarabine
as re-induction chemotherapy, her BM blasts remained
(71.0%, day 338). She received haploidentical HSCT on
the non-remission status (day 361), which was based on the
JSCT Haplo14 MAC protocol, and received conditioning
therapy with fludarabine (150 mg/m?), busulfan (12.8 mg/
kg), and total body irradiation (4 Gy), and graft-versus-host
disease (GVHD) prophylaxis with 2 days of cyclophos-
phamide (50 mg/kg/day), tacrolimus, and mycophenolate
mofetil [15]. RT-PCR for NUP98::RARG mRNA became
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negative for MRD again (day 399). Unfortunately, second
relapse occurred in 34.8% of the marrow blasts (day 483).
Although the tumor cells in her peripheral blood disappeared
after two cycles of gemtuzumab ozogamicin followed by
donor lymphocyte infusion, she eventually died from GVHD
and veno-occlusive disease on day 565.

From the initial diagnosis to day 245, we evaluated the
presence of residual disease in the BM after each round of
chemotherapy using different modalities: the microscopic
leukemic cell count, a chromosomal analysis by the G-band
method, FISH analysis targeting the NUP98 split signal,
and RT-PCR for WTI mRNA and NUP98::RARG mRNA
(Table 1). Molecular relapse with NUP98::RARG mRNA
was confirmed at an earlier time than the elevation of WT
mRNA and cytogenetic relapse by the G-band analysis. The
FISH analysis did not detect any residual disease at any
point.

Discussion

To the best of our knowledge, this is the first reported case of
AML with NUP98::RARG rearrangement in Japan. In addi-
tion, the present case enables RT-PCR of NUP98::RARG
mRNA as a contractual clinical test for the first time in
Japan.

Eleven cases of AML with NUP9S8::RARG gene rear-
rangement, including ours, are summarized in Table 2.
Karyotype is not necessarily a simple t(11;12)(p15;q13);
some have additional chromosomal abnormalities, and oth-
ers exhibit a normal karyotype. Their cell morphology was
almost the same as that of M3 in the FAB classification.
Analyses to detect second-hit mutations were performed in
nine patients at the time of their diagnosis, and all had one or
more mutations. W7/ mutations were the most common (6
cases). Fibrinogen and D-dimer aberrations were observed
at a high rate. Neither ATRA nor arsenic trioxide (ATO)
was effective in all administered patients. Induction chemo-
therapy was performed in all but one of the patients (Case
9). Only three patients, including our patient, achieved a CR
after the 1st induction chemotherapy. Eight patients eventu-
ally achieved a CR. HSCT was selected in five cases, includ-
ing ours. To the best of our knowledge, our case is the first
to achieve molecular remission after haploidentical HSCT
in non-remission state. Five patients died during follow-up.
This outcome may be poorer than that of classic APL.

In our case, although the classic combination chemo-
therapy resulted in a molecular CR, subclinical relapse
occurred during consolidation chemotherapy. A detailed
check of the residual disease revealed that the qualita-
tive RT-PCR analysis for NUP98::RARG mRNA would
be more sensitive than other modalities for the evaluation
of molecular relapse. We can then choose an appropriate

@ Springer

treatment strategy for AML with NUP98::RARG rear-
rangement, which is not specific to APL, and should
monitor MRD using RT-PCR analysis of NUP98::RARG
mRNA.

Zhu et al. [6] summarized a study cohort of 34 AMLs
with RARG-fused gene. The reported partner genes of
RARG were CPSF6 (n=14), NUP98 (n=11), HNRNPc
(n=6), HNRNPm (n=1), PML (n=1), and NPMI (n=1).
Although their morphologies resemble classic APL, their
sensitivities to ATRA are completely different. Sixteen
patients received treatment with doublet ATRA + ATO
for > 14 days, and none of them exhibited effectiveness.
Therefore, the consensus that AMLs with RARG rear-
rangements are resistant to ATRA and ATO is currently
acceptable at the present time.

According to several studies on hematological malig-
nancy with NUP98-fusion genes, patients tend to have
some second-hit mutations at the diagnosis, and muta-
tions in FLT3-ITD and WT! genes are seen at high rates
[1, 16]. A recent study of AMLs with any type of RARG
rearrangement revealed that W7/ mutations were the most
frequent (14 of 24 genetically analyzed patients), but no
FLT3-ITD mutations were detected at the diagnosis [6]. As
for AMLs with NUP98::RARG rearrangement (Table 2),
WT1 mutations were frequent, but FLT3-ITD mutations
were not observed.

Our patient had no detectable somatic second-hit muta-
tions, but she did have a heterozygous SNP in TP53 (c.920-
5C>T). According to the gnomAD database v4.1.0, it is
almost exclusively seen in East Asians with an allele fre-
quency of (0.0005351 https://gnomad.broadinstitute.org/
variant/17-7673613-G-A?dataset=gnomad_r4). Its clinical
significance has been described as benign, likely benign, or
uncertain in the ClinVar archive (https://www.ncbi.nlm.nih.
gov/clinvar/variation/185487/).

However, no functional analyses of the SNP have been
performed to date. Moreover, 9 of the 11 cases shown
in Table 2 are from East Asia (China: cases 1-4, 7-10,
Japan: our case). It is possible that the SNP is one of the
geographic and genetic backgrounds for developing AML
with NUP98::RARG rearrangement. The accumulation of
more cases, including additional information about SNPs,
is, therefore, desired.

In conclusion, we strongly suggest that hematologists
should recognize the existence of non RARA-associated
AMLs that closely mimic classic APL, especially in cases
of ATRA resistance. In such cases, RT-PCR to detect
NUP98::RARG mRNA should be considered to make a
diagnosis and determine the treatment strategy. The accu-
mulation of AML cases with NUP98::RARG rearrangement,
which shows a poor prognosis, is desired to establish an
optimal treatment strategy.
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