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Dear Editor,

Targeted RNA-sequencing (RNA-seq) using next-generation se-

quencing (NGS) technology is a highly accurate method for se-

lecting and sequencing specific transcripts of interest [1]. We 

routinely applied a customized targeted RNA-seq system during 

the diagnostic phase of hematologic malignancies. Our system 

detected the first Korean case of NUP98-NSD1 and a novel 

SNRK-ETV6 fusion with therapy-related acute myeloid leukemia 

(t-AML) showing a dismal clinical course. NUP98-NSD1 accounts 

for approximately 4% of pediatric AML cases and shows a poor 

prognosis [2, 3]. It could be created by a cryptic t(5;11)(q35;p15.5) 

and exerts a leukemogenic function by binding near the HOX 

locus and MEIS1 to increase expression via histone modifica-

tions [4]. The Institutional Review Board of Chonnam National 

University Hwasun Hospital (CNUHH), Hwasun, Korea (CNUHH- 

2020-091) approved this study and granted a waiver of consent 

due to its retrospective nature. This report highlights the role of 

high-throughput parallel targeted RNA-seq in enhancing the di-

agnostic yield of hematologic malignancies.

In April 2020, a 14-year-old girl visited the outpatient clinic of 

CNUHH 1.5 years and 1.9 years after a matched unrelated pe-

ripheral blood stem cell transplantation and initial diagnosis of 

AML, respectively, for a follow-up bone marrow (BM) examina-

tion At initial diagnosis, the Korean AML 2012 regimen (double-

induction strategy with idarubicin or mitoxantrone plus cytara-

bine, followed by consolidation therapy with cytarabine and eto-

poside) was administered and complete remission was achieved 

28 days after the second induction. The laboratory findings showed 

a leukocyte count of 3.1×109/L, absolute neutrophil count of 

0.58×109/L, hemoglobin of 114 g/L, and platelet count of 37× 

109/L. BM aspirates revealed 28% leukemic blasts correspond-

ing to French-American-British (FAB) type M2. The BM karyo-

type was 45,XX,add(3)(p25),del(5)(q?),-12,add(12)(p13)[8]//46, 

XY[12], and the multiplex reverse transcription (RT)-PCR (He-

maVision kit; DNA Technology, Aarhus, Denmark) finding was 

negative.

Targeted RNA-seq (HEMEaccuTest RNA; NGeneBio, Seoul, 

Korea) of the BM sample using STAR-Fusion (ver 1.8.1) and 

Received: June 29, 2020
Revision received: October 5, 2020
Accepted: January 4, 2021

Corresponding author: Myung-Geun Shin, M.D.
Department of Laboratory Medicine, Chonnam National University Hwasun 
Hospital, 322 Seoyang-ro, Hwasun-eup, Hwasun-gun, Jeollanam-do 58128, 
Korea
Tel: +82-61-379-7950, Fax: +82-61-379-7984, 
E-mail: mgshin@chonnam.ac.kr
*These authors equally contributed to this study. 

© Korean Society for Laboratory Medicine
This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

1 / 1CROSSMARK_logo_3_Test

2017-03-16https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg

http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2021.41.1.#&domain=pdf&date_stamp=2020-08-##


Lim HJ, et al.
NUP98-NSD1 and SNRK-ETV6 in pediatric t-AML

444    www.annlabmed.org https://doi.org/10.3343/alm.2021.41.4.443

FusionCatcher (ver 1.20) revealed NUP98-NSD1 and a novel 

SNRK-ETV6 fusion, which were confirmed by direct sequencing 

(Fig. 1). DESeq2 (ver 1.18.1) analysis showed that WT1, ERG, 
and BAALC expression increased 7.1, 5.6, and 4.1-log2-fold, re-

spectively, compared with 14 normal controls (Table 1). An addi-

tional tier II variant of WT1, NM_024426.3:c.1142C>A (p.Ser381*), 

and three tier III variants were detected by FreeBayes (ver 1.3.1) 

[5]. Further targeted DNA NGS (HEMEaccuTest DNA) confirmed 

the variants in targeted RNA-seq and additionally detected a tier 

II variant of KRAS, NM_033360.4:c.38G>A (p.Gly13Asp), and 

five tier III variants. However, no significant variant of FLT3, in-

cluding FLT3-ITD, was detected. Donor lymphocyte infusion (DLI) 

was conducted on day 7 after the diagnosis; however, the BM 

blasts increased to 88% on day 29. The combination of fludara-

bine, cytarabine, idarubicin, and granulocyte colony-stimulating 

factor chemotherapy was started on day 35 and the BM blasts 

decreased to <5% on day 71 with sustained thrombocytopenia; 

however, the condition repeatedly relapsed on day 134 and the 

patient expired on day 223. 

NUP98-NSD1+ AML is characterized by frequent FAB-type 

M4/M5, a normal karyotype, and HOXA/B upregulation [2]. Fur-

ther, NUP98-NSD1 is mutually exclusive with other type II vari-

ants, but often co-occurs with type I variants such as FLT3-ITD 

or WT1 variants [2, 3]. FLT3-ITD is the most common variant in 

NUP98-NSD1+ AML (unlike our case), and its prognosis is dis-

mal. Recent studies showed the promising therapeutic effects 

of dasatinib and navitoclax combination therapy and preemptive 

DLI based on minimal residual disease for NUP98-NSD1+/FLT3-

ITD+ AML [6, 7]. Regarding the novel SNRK-ETV6 fusion, the 

defect in ETV6 is pathogenic in hematologic malignancies caused 

by rearrangement or deletions [8]. However, the partner SNRK 

gene defect at 3p22.1 has rarely been studied in hematologic 

malignancies but reportedly impacts hematopoietic cell prolifer-

ation and differentiation [9]. Further studies are needed to clar-

ify the role of this novel fusion. This case also meets the criteria 

of t-AML, representing del(5q) with a complex karyotype and 

prior cytotoxic chemotherapy; both NUP98- and ETV6- rear-

rangements were reported in t-AMLs [10]. Additionally, the pa-

tient has a variant in TP53 (rs1042522), known to increase the 

risk of developing therapy-related myeloid neoplasms. Owing to 

Fig. 1. Schematic representation of the NUP98-NSD1 (A–C) and novel SNRK-ETV6 (D–F) gene fusions and proteins. (A) Integrative ge-
nomics viewer (IGV) image showing the NUP98-NSD1 breakpoints with 171 supporting junction read counts. (B) Direct sequencing con-
firmed the identical breakpoint causing an in-frame fusion of NUP98-NSD1. (C) The predicted fusion protein translated from the NUP98-
NSD1 transcript based on a merged sequence produced by STAR-Fusion (ver 1.8.1), which contains domains similar to a previous report 
[2] but is shorter. (D) IGV image showing the novel SNRK-ETV6 fusion breakpoints with 484 supporting junction read counts. (E) Direct se-
quencing confirmed the identical breakpoint causing a novel in-frame fusion of SNRK-ETV6. (F) The predicted fusion protein translated 
from the SNRK-ETV6 transcript based on the merged sequence produced by STAR-Fusion (ver 1.8.1).

 

12 
 

 150 

 151 

Fig. 1. Schematic representation of the NUP98-NSD1 (A – C) and novel SNRK-ETV6 (D – F) gene fusions and proteins. (A) Integrative 152 

genomics viewer (IGV) image showing the NUP98-NSD1 breakpoints with 171 supporting junction read counts. (B) Direct sequencing 153 

confirmed the identical breakpoint causing an in-frame fusion of NUP98-NSD1. (C) The predicted fusion protein translated from the 154 

 

12 
 

 150 

 151 

Fig. 1. Schematic representation of the NUP98-NSD1 (A – C) and novel SNRK-ETV6 (D – F) gene fusions and proteins. (A) Integrative 152 

genomics viewer (IGV) image showing the NUP98-NSD1 breakpoints with 171 supporting junction read counts. (B) Direct sequencing 153 

confirmed the identical breakpoint causing an in-frame fusion of NUP98-NSD1. (C) The predicted fusion protein translated from the 154 

A

B

C

D

E

F



Lim HJ, et al.
NUP98-NSD1 and SNRK-ETV6 in pediatric t-AML

https://doi.org/10.3343/alm.2021.41.4.443 www.annlabmed.org    445

Ta
bl

e 
1.

 M
or

ph
ol

og
ic

al
, p

he
no

ty
pi

c,
 c

yt
og

en
et

ic
, a

nd
 m

ol
ec

ul
ar

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
in

iti
al

 a
nd

 p
re

se
nt

 p
ha

se
 o

f t
he

 c
as

e

In
iti

al
 p

ha
se

Pr
es

en
t p

ha
se

‡

Fin
di

ng
VA

F (
%

)
M

et
ho

d
Fin

di
ng

VA
F (

%
)

 M
et

ho
d

W
HO

 
cla

ss
ifi

ca
tio

n
AM

L, 
NO

S
t-A

M
L

FA
B,

 ty
pe

M
2

M
icr

os
co

pi
c 

ob
se

rv
at

ion
M

2
M

icr
os

co
pi

c o
bs

er
va

tio
n

Ex
pr

es
se

d 
m

ar
ke

r
CD

33
, C

D3
4,

 C
D1

17
, H

LA
-D

R,
 a

nd
 M

PO
Im

m
un

op
he

no
typ

in
g 

or
 

cy
to

ch
em

ica
l s

ta
in

CD
33

, C
D3

4,
 C

D1
17

, a
nd

 M
PO

Im
m

un
op

he
no

typ
in

g 
or

 
cy

to
ch

em
ica

l s
ta

in

Ka
ryo

typ
e

46
,X

X[
20

]
Ka

ryo
typ

in
g

45
,X

X,
ad

d(
3)

(p
25

),d
el(

5)
(q

?)
,-1

2,
ad

d(
12

)(p
13

)[8
]//

46
,X

Y[
12

]
Ka

ryo
typ

in
g

Ge
ne

 fu
sio

n
Ne

ga
tiv

e
M

ul
tip

lex
 R

T-
PC

R
NU

P9
8-

NS
D1

Ta
rg

et
ed

 R
NA

-s
eq

SN
RK

-E
TV

6

Up
re

gu
la

te
d 

ge
ne

W
T1

Re
al

-ti
m

e P
CR

*
W

T1
Ta

rg
et

ed
 R

NA
-s

eq

ER
G

BA
AL

C

TP
63

FG
FR

3

CC
ND

1

CR
LF

2

Va
ria

nt
s

NM
_0

24
42

6.
3(

W
T1

):c
.1

14
2C

>
A 

(p
.S

er
38

1*
)†

40
.9

7
DN

A 
NG

S
NM

_0
24

42
6.

3(
W

T1
):c

.1
14

2C
>

A 
(p

.S
er

38
1*

)†
12

.6
1

Ta
rg

et
ed

 R
NA

-s
eq

 a
nd

 
DN

A 
NG

S 

NM
_0

16
32

0.
4(

NU
P9

8)
:c.

35
57

T>
G 

(p
.Le

u1
18

6T
rp

)
47

.1
5

NM
_0

01
16

66
93

.2
(A

FF
1)

:c.
10

21
A>

G 
(p

.Ly
s3

41
Gl

u)
§

40
.5

8

NM
_0

06
19

7.
3(

PC
M

1)
:c.

41
48

A>
G 

(p
.A

sp
13

83
Gl

y)
47

.5
0

NM
_0

16
32

0.
4(

NU
P9

8)
:c.

35
57

T>
G 

(p
.Le

u1
18

6T
rp

)
10

.4
5

NM
_0

33
36

0.
4(

KR
AS

):c
.3

8G
>

A 
(p

.G
ly1

3A
sp

)†
17

.3
9

NM
_0

06
19

7.
3(

PC
M

1)
:c.

41
48

A>
G 

(p
.A

sp
13

83
Gl

y)
9.

47

NM
_0

02
83

4.
3(

PT
PN

11
):c

.2
27

A>
C 

(p
.G

lu
76

Al
a)

3.
89

NM
_0

33
36

0.
4(

KR
AS

):c
.3

8G
>

A 
(p

.G
ly1

3A
sp

)†
10

.7
9

DN
A 

NG
S 

 
NM

_0
18

03
6.

6(
AT

G2
B)

:c.
15

86
C

>
T (

p.
Th

r5
29

M
et

)§
38

.9
4

NM
_0

00
05

1.
3(

AT
M

):c
.2

11
7C

>
T (

p.
Se

r7
06

Le
u)

10
.8

5

NM
_0

22
55

2.
4(

DN
M

T3
A)

:c.
92

0C
>

T (
p.

Pr
o3

07
Le

u)
 3

.1
1

NM
_0

00
21

5.
3(

JA
K3

):c
.2

06
2A

>
T (

p.
Ile

68
8P

he
)§

34
.8

2

NM
_0

17
61

7.
5(

NO
TC

H1
):c

.4
62

7G
>

A,
 (p

.G
ly1

54
3A

rg
)§

35
.3

2

*U
si

ng
 th

e 
W

T1
 P

ro
fil

eQ
ua

nt
 k

it 
(I

ps
og

en
, M

ar
se

ill
e,

 F
ra

nc
e)

. † T
ie

r 
II 

va
ria

nt
s 

cl
as

si
fie

d 
by

 th
e 

gr
ad

in
g 

sy
st

em
 a

cc
or

di
ng

 to
 th

e 
le

ve
ls

 o
f e

vi
de

nc
e 

re
qu

ire
d 

to
 d

et
er

m
in

e 
si

gn
ifi

ca
nc

e 
[5

].
 ‡ In

cr
ea

se
d 

ge
ne

 e
xp

re
ss

io
n 

w
as

 d
ef

in
ed

 a
s 

a 
>

2-
lo

g 2
-f

ol
d 

in
cr

ea
se

 c
om

pa
re

d 
w

ith
 1

4 
no

rm
al

 c
on

tr
ol

s.
 H

O
XA

/B
 e

xp
re

ss
io

n 
co

ul
d 

no
t b

e 
de

te
rm

in
ed

 in
 th

e 
pr

es
en

t c
as

e 
ow

in
g 

to
 th

e 
la

ck
 o

f a
 ta

rg
et

 R
N

A
-s

eq
 

pa
ne

l. 
§ V

ar
ia

nt
s 

w
ith

 a
 V

A
F 

of
 a

pp
ro

xi
m

at
el

y 
35

%
 to

 4
0%

 th
at

 c
ou

ld
 p

os
si

bl
y 

be
 d

on
or

-d
er

iv
ed

 g
er

m
lin

e 
va

ria
nt

s 
ra

th
er

 th
an

 c
lo

na
l e

vo
lu

tio
n.

 
A

bb
re

vi
at

io
ns

: F
A

B
, F

re
nc

h-
A

m
er

ic
an

-B
rit

is
h;

 A
M

L,
 a

cu
te

 m
ye

lo
id

 le
uk

em
ia

; N
O

S,
 n

ot
 o

th
er

w
is

e 
sp

ec
ifi

ed
; V

A
F,

 v
ar

ia
nt

 a
lle

le
 fr

eq
ue

nc
y;

 R
T-

P
C

R
, r

ev
er

se
 tr

an
sc

rip
tio

n-
P

C
R

; N
G

S,
 n

ex
t-

ge
ne

ra
tio

n 
se

qu
en

ci
ng

; t
-A

M
L,

 th
er

ap
y-

re
la

te
d 

A
M

L;
 R

N
A

-s
eq

, R
N

A
-s

eq
ue

nc
in

g.
 



Lim HJ, et al.
NUP98-NSD1 and SNRK-ETV6 in pediatric t-AML

446    www.annlabmed.org https://doi.org/10.3343/alm.2021.41.4.443

the retrospective nature of this study, the NUP98-NSD1 and 

SNRK-ETV6 status at the initial diagnostic phase could not be 

ascertained.

Compared with previous studies using multiple diagnostic 

methods to characterize NUP98-NSD1+ AML [2], the advantage 

of the present case was the use of RNA-seq, representing a 

simplified diagnostic step for gene fusion, expression, and gene 

variant analyses. Additionally, this system might help uncover 

novel genetic characteristics in leukemias in future larger-scale 

studies.
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