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Abstract: Retinoic acid receptor gamma (RARG) belongs to the nuclear receptor super-
family and has 90% homology to RAR alpha (RARA) and RAR beta. The promyelocytic
leukemia (PML)-RARA fusion gene has been implicated in acute promyelocytic leukemia
(APL). RARG gene rearrangement has been identified in a rare subtype of acute myeloid
leukemia (AML) that resembles APL. To date, only 10 cases of gene rearrangements
involving RARG (nucleoporin [NUP198—RARG, promyelocytic leukemia protein—RARG,
cleavage and polyadenylation-specific factor 6—-RARG, or nucleophosmin [NPM]I-RARG-
NPM1) have been reported. These patients show characteristics similar to APL, including
bone marrow morphology, coagulation abnormality, and immunophenotype; however, they
are resistant to all-trans retinoic acid and arsenic trioxide treatment. Moreover, there is no
optimal therapeutic regimen for this subtype of AML. In this study, we report the clinical
presentation and experimental findings of a case of AML with NUP98—RARG gene fusion
similar to APL and review other cases of RARG gene rearrangement described in the
literature.
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rearrangement

Introduction

Acute myeloid leukemia (AML) is a highly heterogeneous and malignant clonal
disease of hemopoietic stem cells characterized by uncontrolled proliferation and
blocked differentiation of myeloid lineage blasts." Acute promyelocytic leukemia
(APL) is a specific type of AML, accounting for 5—15% of total AML cases.” The
fusion gene promyelocytic leukemia protein (PML)-retinoic acid receptor alpha
(RARA), which is generated by the chromosomal translocation t(15;17)(q22;q21), is
implicated in the pathogenesis of APL. All-trans retinoic acid (ATRA) and arsenic
trioxide (ATO) have been shown to induce myeloid blast differentiation in APL;’
and it is recommended that patients with APL who have relapsed after ATRA plus
chemotherapy be treated with a combined ATRA plus ATO-based regimen.*

RAR gamma (RARG) plays a key role in maintaining the self-renewal and
differentiation of hematopoietic stem cells. RARG gene rearrangements have been
detected in AML as a rare specific subtype with a clinical presentation resembling
that of APL;> however, these patients do not respond to treatment with ATRA and
ATO. As such, the role of RARG in AML remains unclear.
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The first AML patient with a nucleoporin (NUP)98—
RARG gene rearrangement was identified in 2011.° Since
then, 9 additional cases of R4ARG rearrangement have been
reported, including 2 with NUP98-RARG fusions.” "
Here we describe a case of NUP98—RARG gene fusion in
an AML patient with the classic morphologic features and
immunophenotype of APL.

Materials and Methods

Case Presentation

This study was approved by the institutional review board
of The Affiliated Huai’an No.l People’s Hospital of
Nanjing Medical University. On April 27, 2018, a 47-
year-old female patient was admitted to our hospital pre-
senting with skin ecchymosis and vaginal bleeding. The
peripheral blood count revealed a white blood cell (WBC)
count of 7.91x10%/1, hemoglobin (Hg) level of 84 g/l, and
platelet count of 14x10%/1. Prothrombin time was 16.9
s (ref. 9.0-13.0 s), activated partial thromboplastin time
was 40.7 s (ref. 20.0-40.0 s), fibrinogen level was 1.66 g/
(ref. 2.00—4.00 g/1), and p-dimer level was 20 pg/mL (ref.
0-0.50 pg/mL). A bone marrow (BM) smear showed

hypercellularity, with 96.5% abnormal promyelocytic
granulocytes. Auer bodies were observed in some cells.
The smear was strongly positive for peroxidase staining
(Figure 1A-C). An immunophenotype analysis showed
positivity for myeloperoxidase, cluster of differentiation
(CD)13, CD33, human leukocyte antigen-DR, and CD56
(Figure 2). The results of second-generation gene sequen-
cing and reverse transcription-polymerase chain reaction
(RT-PCR) were indeterminate. The initial diagnosis was
APL. The patient was treated with ATRA (20 mg twice
a day) and ATO (10 mg per day). After 14 days of treat-
ment, the patient experienced chest tightness, dyspnea,
systemic edema, and pleural effusion, consistent with dif-
ferentiation syndrome. A chest computed tomography scan
and color Doppler ultrasound were performed (Figure 3).
WBC count did not increase with treatment and the coa-
gulation abnormality did not show significant improve-
ment: WBC count was 9.4x10%/1, Hg level was 59 g/,
and platelet count was 38x10°/1. Prothrombin time was
18.3 s, fibrinogen level was 0.91 g/l, and p-dimer level
was 20 pg/mL. The karyotype was 45, X, —X, del(9)
(q13q22), t(11;12)(p15;q13) in 20/20 analyzed metaphases

Figure | Morphologic features of an AML patient with NUP98—-RARG gene fusion. (A, B, D) Promyelocytes with hypergranulated cytoplasm, invaginated nuclei, and Auer
rods are indicated with red arrows (Wright-Giemsa stained BM smear; 1000% magnification). (C, E) BM smear strongly positive for peroxidase staining. Morphologic
features were observed at the newly diagnosed stage (A—C) and 20 days after treatment with ATRA and ATO (D, E). The BM smear showed 95.5% abnormal promyelocytic
granulocytes, with an occasional Auer body in the form of an Auer bundle; the peroxidase staining positive rate was 100%, indicating that there was no remission. (F) BM

smear revealing complete remission.

submit your manuscript

10560

Dove!

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Tao et al

A B C
Specimen_001-CD33-CD13+CD16 Specimen_001-CD3-MPO-CL Specimen_001-HLA-DR-CD3
] Vo <23 CD34+| CD34+HLADRA
tr ol % cD3+MPO+ o :
& E 80 13 ) e - 809
.c-l_ = '_? O
=3 . CD3+
L lfi’lll .l.l LLLLLL LI I\I.I;II .'I 1T T I - ‘l I l"l“l LIl I"'“I LI l"mT_r §
w0t 0° ' 10t 10 s 0100 07 a0t a0?
CD45 PerCP-A CD3FITC-A HLA-DR FITC-A
D E F
Specimen_001-CD10-CD19-1 Specimen_001-CD33-CD13+ Specimen_001-CD33-CD1
«cveé «g T,
Wi 3 CD19+ CD19+CD10+| |[ud o2 'Q2-2
S ] e <
= a-= 2% 7
S 3. o 5 "2
o ] CD10+ , Q4-2
2 Q3 CD33+ e :
g_ 1T TTTT TTTT t% T T T T Ty T
g 0 107 :'g:' "1'2‘ Tg;r o3 0 10° 0 w0t 0 ' 1w ot 10®
; CD10 FITC-A CD33 FITC-A CD16 PE-Cy7-A

Figure 2 Flow cytometry scatterplots showing an immunotype consisting of abnormal populations in an AML patient with NUP98-RARG gene fusion. (A) CD45 gating;
a group of abnormal cells is circled. (B) Positive myeloperoxidase (MPO) and negative CD3 expression. (C) Positive human leukocyte antigen (HLA)-DR and negative CD34
expression. (D) CD19 and CDI10 negativity. (E) CD13 and CD33 positivity. (F) CD56 and CD16 negativity.

(Figure 4); fluorescence quantitative PCR detection of the
PML-RARA fusion transcript was negative, but mutations
were detected in several genes at various frequencies
including isocitrate dehydrogenase (IDH)2 (37.68%), ten-
eleven translocation (TET)2 (49.72%), additional sex
combs-like (ASXL)! (100%), tumor protein (TP)53
(54.75%), Wilms’ tumor (WT)I1-exon7 (100%), and WTI-
exon9 (43.77%). Treatment with ATRA and ATO was
discontinued, and diuretic detumescence and ventilator-
assisted respiratory therapy were administered. A second
BM smear showed 95.5% abnormal promyelocytic granu-
locytes, with an occasional Auer body in the form of an
Auer bundle; the rate of positive peroxidase staining was
100%, suggesting no remission (Figure 1D and E). This

indicated that the patient was completely resistant to
ATRA and ATO, and the treatment was switched to the
IA regimen (idarubicin [10 mg/m? for 3 days] and cytar-
abine [150 mg/day for 7 days]) as induction therapy. The
patient experienced severe pulmonary infection on day 7
after initiation of the regimen, and received antibiotics for
2 weeks until the infection was gradually controlled; how-
ever, WBC and platelet counts remained low, and a third
BM smear showed 10.5% blasts. A HIAG chemotherapy
regimen (homoharringtonine [2 mg/day] for 7 days, idar-
ubicin [5 mg/day for 4 days], cytarabine [40 mg/day for 14
days], and granulocyte colony-stimulating factor [GCSF;
300 pg/day until WBC count was >20x10%/1]) was admi-
nistered as reinduction chemotherapy. A BM examination
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Figure 3 Chest computed tomography (CT) and color Doppler ultrasound of the patient. (A) Color Doppler ultrasound showing pleural effusion at a depth of 6.03 cm. (B)
Chest CT showing pleural effusion on both sides.
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Figure 4 Karyotype of an AML patient with NUP98—RARG gene fusion. G-banding revealed a karyotype of 45, X, —X, del(9)(q13q22), t(11;12)(pI5; ql3); arrows indicate | Ip
+, 12q—, and 9q—.
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was performed to evaluate the response to HIAG; the
smear showed 0.5% blasts, indicating that the patient had
achieved complete remission (Figure 1F).

Consolidation therapy with the HIAG regimen was
initiated on August 13, 2018. During the BM suppression
period following chemotherapy, severe pulmonary infec-
tion, septic shock, metabolic acidosis, heart failure, and
other serious complications occurred; the patient was
admitted to the intensive care unit for emergency treat-
ment, and recovered after 1 month. The patient refused to
undergo allogeneic hematopoietic stem cell transplantation
(allo-HSCT). Since September 19, 2018, the patient has
received 2 cycles of half-dose CAG regimen (aclarubicin
hydrochloride [20 mg/day for 4 days], cytarabine [40 mg/
day for 7 days], and GCSF [300 pg/day until WBC count
was >20x10°/1]) and 2 cycles of the HA regimen (homo-
harringtonine [4 mg/day for 3 days] and cytarabine
[150 mg/day for 7 days]) as consolidation chemotherapy.
The minimal residual disease detected by flow cytometry
was negative during each round of consolidation che-
motherapy. The treatment timeline is shown in Figure 5.
The patient remains alive and was leukemia-free at the last
(24-month) follow-up.

RT-PCR

NUP98-RARG mRNA was reverse transcribed into cDNA
using random hexamers, and PCR was performed using
the following primers: NUPY98 forward, 5'-GAG
TAACCCAAGCCTCACAGC-3' and RARG reverse, 5'-
CCCATAGTGGTAGCCTGAGGAC-3'. A 200-bp product
was specifically amplified from the patient’s cDNA, repre-
senting the NUP98—-RARG fusion product (Figure 6A).

Cytogenetic Analysis and Fluorescence

in situ Hybridization (FISH)

A BM sample was processed after short-term culture (24
h) according to standard procedures. The chromosomes
were stained by G-banding and the karyotype was deter-
mined according to International System for Human
Cytogenetic Nomenclature recommendations. FISH was
performed on 200 interphase cells using dual-color trans-
location probes (Figure 6B).

Results and Discussion

Nine patients harboring a NUP98—RARG, PML—RARG,
CPSF6—RARG, or NPMI-RARG-NPMI1 gene rearrange-
ment have been described to date; their age, sex, and mole-
cular and genetic characteristic are shown in Table 1. In
2011, Such et al first reported NUP98—RARG fusion in an
AML patient with morphologic and immunophenotypic fea-
tures resembling APL (Table 1, No.l), the patient discon-
tinued ATRA treatment due to absence of a PML—RARA
fusion gene and was switched to a standard 3+7 regimen
with cytarabine and idarubicin, undergoing consolidation
chemotherapy followed by autologous SCT.® Patient 2 was
a 64-year-old woman with PML-RARG fusion (Table 1,
No.2); her BM smears showed atypical hypergranular pro-
myelocytes with Auer rods, and she received idarubicin and
cytarabine chemotherapy after 9 days of ATRA treatment as
well as 1 cycle of high-dose cytarabine consolidation che-
motherapy followed by allo-HSCT.” In addition to NUP98—
RARG fusion, CPSF6-RARG or NPMI-RARG-NPMI
fusion have been detected in AML patients who all showed
the classic morphologic and immunophenotypic features of
APL and were resistant to ATRA and ATO. The common

30/4/2018 7/7/2018 29/9/2018 9/12/2018
ATRA+ATO HIAG Half of CAG HA
Therapy regimens 19/5/2018 13/8/2018 6/11/2018 19/1/2019
A HIAG Half of CAG HA
Time line I l l T 1 I 1 >
14/5/2018 4/8/2018 22/10/2018 9/1/2019
Blasts (%) 95.5% 0.5% 1.0% 3.6%
28/4/2018 10/6/2018 4/9/2018 28/11/2018 22/4/2020
96.5% 10.5% 0.5% 0.5% 1.4%
Figure 5 Timeline of patient’s treatment.
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Figure 6 Detection of NUP98—-RARG by RT-PCR and FISH. (A) NUP98-RARG mRNA was detected by RT-PCR analysis of leukemia cell total RNA derived from the AML
patient; the product size was 200 bp. (B) FISH using dual color NUP98-RARG probes. The 2 orange signals show NUP98-RARG fusion, while green RARG and red NUP98

signals are present on intact chromosomes || and 12, respectively.

characteristic of these patients was the presence of RARG
rearrangement. Some partner proteins can bind to different
DNA-binding domains of RARG to form fusion proteins
such as PML-RARG, NUP98-RARG, CPSF6-RARG,
and NPM1-RARG-NPM1. NUP9Y8 exon 12 was fused in
frame to RARG exon 4, forming the NUP98—RARG fusion
gene.” However, the role of RARG in AML has yet to be
elucidated.

The patient described herein was a 47-year-old female
presenting with features of APL without a detectable PML—
RARA fusion by RT-PCR. We detected the NUP9S—RARG

fusion gene in our patient by PCR using previously described
primers (Figure 6A). The cytogenetic analysis revealed an
intermediate-risk karyotype of 45, X, —X, del (9)(q13922), t
(11;12)(p15;q13), and the NUP9S8-RARG fusion was also
detected by FISH (Figure 6B). ATRA and ATO treatment
was discontinued and switched to idarubicin and cytarabine.
The patient experienced serious complications during the
initial IA induction chemotherapy and subsequent low-dose
regimen, and had poor compliance and refused allo-HSCT;
we were also concerned about the risk of treatment-related
death. Therefore, the patient received 6 cycles of low-dose

Table | Acute Myeloid Leukemia Resembling Acute Promyelocytic Leukemia with RARG Rearrangements in Literatures

Case No. Sex/Age Cytogenetic Abnormal RARG Survival Reference
(Years) Rearrangements (Days)

| M/35 t (11;12) (pl5; qlI3) NUP98-RARG 730 Such, et al, 2011°

2 Fl64 t (12;15) (q13; q22) PML-RARG NA Ha, et al, 2017’

3 M/26 45, X, -Y [10]/idem, add (6) (q?13) [2] RARG-CPSF6 NA Miller et al, 2018®

4 F/51 46, XX, del (12) (p12) [2]/46, XX [18] CPSF6-RARG >90 Liu et al, 2018°

5 F/48 92, XXXX [2] CPSF6-RARG <60 Liu et al, 2018°

6 M/38 46, XY [20] CPSF6-RARG 37 Qin et al, 2018'°

7 M/22 46, XY, t (11;12) (pl5; ql3) NUP98-RARG NA Zhang et al, 2019""

8 F/45 46, XX, t (11;12) (p15; qI3) [16] NUP98-RARG 35 Luo et al, 2019'2

9 M/69 46, XY NPMI-RARG-NPMI 240 Chen et al, 2019"3

10 M/55 46, XY CPSF6-RARG >360 Zhang et al, 2020'7

Abbreviations: No., number; M, male; F, female; NA, not available.
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CAG and HA regimens as consolidation chemotherapy. At
present, the patient is alive and in complete remission.

It was reported that NUP98 exon 12 is fused in-frame
to RARG exon 4,” but the mechanism of oncogenic trans-
formation mediated by NUP98-RARG in AML is
unknown. An in vitro study showed that the NUP9S—
RARG fusion was extremely sensitive to ATRA treatment,
implying that retinoid/rexinoid signaling plays an impor-
tant role in AML and is a potential therapeutic target for
patients harboring this chromosomal abnormality."*
However, another study examining relapsed primary blasts
of an AML patient with NUP98—RARG rearrangement
found that they were resistant to ATRA.'®> Consistent
with other case reports, we found that leukemia cells
with NUP98-RARG fusion were completely resistant to
both ATRA and ATO. Abnormalities in other genes such
as WTI and enhancer of zeste homolog 2 may confer
ATRA resistance.'®'® Our patient also harbored 2 WTI
mutations and /DH2, TET2, ASXLI, or TP53 mutations.
AML patients with RARG rearrangement can be treated
with either idarubicin or homoharringtonine and cytara-

6,11,17 while

bine as the induction chemotherapy regimen,
allo-HSCT is recommended for post-remission treatment.

In summary, previous reports and findings from our
NUP98-RARG rearrangement

defines a novel subtype of AML with morphologic and

case demonstrate that

immunologic characteristics similar to APL but showing
resistance to ATRA and ATO treatment. Further studies
are needed to clarify the mechanism by which NUP9§—
RARG fusion promotes leukemogenesis and confers ATRA
resistance in this subset of AML patients.

Patient Statement
Written, informed consent for publication of the case
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