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Involvement of methylation status of asparagine synthetase gene in asparaginase
sensitivity of pediatric BCP-ALL
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Asparaginase, which depletes serum asparagine, is the important component
in current chemotherapy for childhood BCP-ALL. Normal hematopoietic cells can produce asparagine by
asparagine synthetase (ASNS) activity, while ALL cells are unable to synthesize adequate amounts of
asparagine.

We investigated the association of ASNS methylation status with asparaginase sensitivity. ASNS CpG

island is largely unmethylated in normal hematopoietic cells but is allele-specifically methylated
in BCP-ALL cells. The ASNS gene is located at 7921, an evolutionally conserved imprinted gene
cluster. Clinically, in three childhood BCP-ALL cohorts, ASNS is highly methylated in BCP-ALL with
favorable karyotypes but is mosth unmethylated in BCP-ALL with poor prognostic karyotypes.

These observations demonstrate that silencing of the ASNS gene due to aberrant imprinting is a
pharmacogenetic mechanism for the leukemia-specific activity of asparaginase therapy in BCP-ALL.



Asparaginase

ASNS ALL
Asparaginase B
BCP-ALL
ALL
Bi-allelic imprinting No methylation
Asparaginase Asparaginase
o‘ °
N\
" @
Apoptosis Resistance
Poor prognostic BCP-ALL
Good prognostic BCP-ALL &
Normal hematopoietic cell
ASNS asparaginase
ASNS
invitro
ASNS asparaginase
asparaginase ASNS
[€)) BCP-ALL
ASNS
(2)BCP-ALL asparaginase alamar blue assay asparaginase
1C50 ASNS
(3)NOPHO ASNS
(0)) 7021 PEG10
ALL
(€)) ASNS BCP-ALL
ASNS
BCP-ALL ASNS

Fig.



Fig.1

Celline 32| 4249 76 [ 84| 87 [107[112]121 1:3’1\‘23-|:f'\f‘p‘655 176|180 162] 199 208|214 220]223] 227 Mean(%)
KOPN36 2
KOPN63 5
KOPB26 8
KOPNG8 | | | 48
kocwss ||| T LT [ TSI 54
KOCL50 58
697 65
RS4:11 93
KOP74 95
KOPNS57bi 96
% Methylation O NN . 100
High _ Intermediate Weak
o 100 . -
2 80
©
> 60
3 <0 L
[} T
Eo 2 I ““Hl'l-nl,\. ji
= e
(2)BCP-ALL in vitro
(Fig.2 )
ASNS asparaginase
€))
asparaginase
700 ALL
BCP-ALL
t(12;21)  ASNS
(Fig.3 )
ASNS
Fig.3
100
o
c 80 -] ? ? E ... . i
NE TN :
= — & = i
® 40 e n
g % = . i .
= ~ 4 ;. =
=l 3 I
H . . R F i
(n=163) (n=187) (n=10) (n=100) (n=105) (n=20) (n=23) (n=3) (n=28) (n=19) (n=5)
3 ¢ S A LY
\)\d‘ o S AR gty O\ FCAdiNG NURU R B IG
?’Nb’“‘\*&@v W :O;(‘e(\\“\be\ &<® ‘C;'B? Y N\\'e(‘,\\'h P
PN
Good Intermediate High
risk risk risk
(47921
Fig.4
ALL

Fig.2

r=-0.51, R?=0.26, p=7.4%107

100
- .- > ¢ © e
T ule =
C’l.‘. '- °°o° ~ ‘9-:0.
Q F
2 Sl '0008000 00® * o 3
o1y . % B -1
3 o
9 0.01 < : " 3 2 :
® o0 F
0.001 - . g g
9 2 A % " 10 Weak Inter- High
% methylation mediate
®m0-333% o 33.4-66.6% @ 66.7—100%
asparaginase ASNS
100
in vitro
NOPHO
Ph+, MLLr
ASNS
asparaginase
Fig.4

PEG10 PON3 PON2 PDK4 DYNC1I1 DLX5 TAC1

ASNS

Gene of
interest

PEG10,PON1,PON3,PDK4,DLX5, TACI ~ ASNS

Blood



1 0 0 0

Atsushi Watanabe, Kunio Miyake, Jessica Nordlund, et al. -

Association of aberrant ASNS imprinting with asparaginase sensitivity and chromosomal 2020
abnormality in childhood BCP-ALL

Blood -

DOl

3 0 1

Atsushi Watanabe, Kunio Miyake, Koushi Akahane, Tamao Shinohara, Shinpei Somazu, Kinuko Hirose, Hiroko Oshiro, Hiroki Sato,
Kazuya Takahashi, Makoto Nakamura, Satoru Kojika, Kumiko Goi, Masako Abe, Keiko Kagami, Takeshi Inukai

Significance of methylation status and protein expression level of ASNS in asparaginase sensitivity of BCP-ALL

2020

Atsushi Watanabe, Takeshi Inukai, Tamao Shinohara, Shinpei Somazu, Kinuko Hirose, Hiroko Oshiro, Hiroki Sato, Kazuya
Takahashi, Kumiko Goi, Masako Abe, Keiko Kagami, Kunio Miyake, Kanji Sugita

BCP-ALL ASNS

59

2017

Atsushi Watanabe, Kunio Miyake, Jessica Nordlund,et al.

Association of allele specific methylation of ASNS gene with prognostic significance of chromosomal abnormalities in
childhood BCP-ALL

60th SIOP

2018







