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Identification of the genes involved in the tumorigenesis and spontaneous
regression in neuroblastoma model mice

Kishida, Satoshi
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In this research, we tried to identify the genes involved in the tumorigenesis of
neuroblastoma, one of the malignant pediatric solid tumors. Based on our comprehensive data acquired from
MYCN transgenic (Tg) mice, we identified two genes, NeuroDl and H1FX. Both were highly expressed in the
early lesions of MYCN Tg mice. We showed that NeuroDl directly induced the transcription of ALK, an
important predisposeition gene in neuroblastoma. NeuroD1-ALK axis promotes the proliferation of
neuroblastoma cells. On the other hand, H1FX seems to be involved in the early development of sympathetic
neurons. H1FX was highly and specifically expressed in totally undifferentiated neuroblast in vivo, and
disappeared after differentiation. Interestingly, the expression of HIFX in patients was closely
correlated with that of Midkine, a growth factor involved in neuroblastoma tumorigenesis. H1FX could be a
target of midkine signaling.



GD2

MYCN Tg

tumorsphere

MYCN Tg
DNA
CGH
MYCN Tg
tumorsphere
invivo
MYCN Tg

in vitro

NeuroD1

tumorsphere
NeuroD1
NeuroD1 MYCN

Tg invivo

2011

tumorsphere
NeuroD1
1 tumorsphere
tumorsphere 2
NeuroD1
NeuroD1
ALK
3 tumorsphere 2
NeuroD1
ALK ALK
1.4 -
1.2 4
1.0 A * é
o —a—C 1
Q 08 . ontro:
0y 4
8 0.6 —a—hNeuroD1-
0.4 shRNA-1
0.2
—&—hNeuroD1-
0.0 . T . T . shRNA-2
Days

X1 % EHAARESH-SYSYIZH LV T
NeuroD1% / w9 & L-BROMBIENE

Sphere number NeuroD1 ALK

300

250

200

150

100

Relative mRNA level

50

§ & & S 3
o 2 S & \ad \d
¢ & S~ & & &
N N N N
S 8 D)
8 & & S
& § &S

2 tumorspherelZ#& L TNeuroD1Z&/ w2 &9y () L=ED.
spherefs B3 () LALKDOHKIER=

NeuroD1 ALK
5 14
B
< 10
Z o038 *
=06 wok
Z 04
=02
0.0
S N v
g‘-‘ %Y" ,e?'
o
e \ég- &
DN
S L
& S
& §

X3 % REMAA#RSH-SYSYIZH VT
NeuroD1Z/ v o 32 (k) LE=BROAKOEREE (H)



ALK NeuroD1
NeuroD1
ALK
NeuroD1 ALK
4
NeuroD1 ALK
NeuroD1
ALK
5 NeuroD1
ALK
z ALK  NeuroD1
ChlP
NeuroD1 ALK
6 ALK
3 E-box
E-box NeuroD1
7
NeuroD1 ALK
E-box
H1FX
NeuroD1
tumorsphere
H1FX H1FX 1
2-4
1
NeuroD1 ALK
- 5,000 4.0 *
; 4,000 - 3 ;3
Z 3,000 s 25
é 2,000 z§ ig
2 1,000 ;f ;:‘5’
0 0.0
& & S &
&P %c’ &P ‘\s}’
L‘\ (,‘y

X4 #iRSEMREERSK-N-ASIZH VT
NeuroD1 Z#5&%IHIR () LI-BOALKOHFEEFE=E (H)

H1FX
H1FX
H1FX Midkine
Midkine
MYCN Tg
Midkine
H1FX Midkine
Midkine
H1FX
Midkine  H1FX
Midkine H1FX
8 Midkine
Notch2
H1FX
8 Midkine-Notch2
H1FX
H1FX
9
invivo H1FX
#1 #2 43
+1
—>
fDIControllzil F.;Z } 22 F.% By 23 )
v /' b
-805 =752 -44 /—38 \—19
E-box1 E-box2 E-box3 E-box4 E-box5
#1 #2 #3
i & . § s\
& & > > ~ &

A

Control

E-box1 and 2 E-box3. 4 and 5

6 ALK OE—4& —I[=xt9 BNeuroD1DChIP7 vt 41
L+ AKTOoE—42—I2&FEh SE-boxELFI
T : 3$DPCRIZK BChIPT v 4

DNA

(a)!4 2216 A i
1:24 ‘ (I):C {Lu ] W —*
1.0 ® W Control
mut3 .,
g:; 0.8 —&-Control f E NeuroD1
2 0.6 1 ——hNeuroD1-shRNA-2 Lu mut4 i
0.4

—&—hNeuroD1-shRNA-2 +ALK

0.2 - . (D:H (v ] mut5 "

0.0

1 3 ' 5 ' 0 05 1 15 2 25
Days Relative luciferase activity

B7 AKTAE—42—FAWLR—42—F7 vt A
E: ZLR—4—DEiE (E-boxDZEE)
B LR—4—7 v/ R

X5 RS IEMA#RSH-SYSYIZE LT
NeuroD1% ./ w9 &9, HhDOALKE&EIFKIR L =B D HERa 1 5E




fluorescence

H1FX
MYCN Tg
10  MYCN Tg
2
H1FX
10 in vivo
H1FX
H1FX
H1FX
H1FX H1FX
Midkine H1FX
H1FX
MK H1FX
1.2 14
1.0 1.2 -
0.8 1.0 -
o6 -
04 04 -
0.2 0.2 -
0.0 0.0 -
NT2 #18 #52 NT2 #18 #52 ;
Notch2 H1FX gy AR :
14 14 X . : P
1.2 1.2 ; o
1.0 1.0 ) b £
0.8 0.8 e N . r
06 06 E k BT -
04 - 04 - o .
ol o2 ] B10 MYCN Tew ™ RIZ& 1+ BHIFXD e
NT2  #38  #87 NT2  #38  #87 Lt :E13.5, th: OB#. T : 2:8H#
8 MRS IEMRHRSH-SYSYIZHS N T
Midkine (k) &Notch2 (T) %/ w4 &> LI-BROHIFXDRE
14000
12000 } 9
10000 T 1. LuF, Kishida S, Mu P, Huang P, Cao D,
8000 / -T2 Tsubota S, Kadomatsu K. NeuroDl
/ . promotes neuroblastoma cell growth by
6000 / H1FX inducing the expression of ALK. Cancer
4000 — —+-4813 | ShRNA Sci. 2015 106:390-6.
2000 2. Nakaguro M, Kiyonari S, Kishida S, Cao
0 # D, Murakami-Tonami Y, Ichikawa H,
DAY-0 DAY-3 DAY-7 Takeuchi I, Nakamura S, Kadomatsu K.
9 iR FIEHBARESH-SYSYIZ &S LT, HIFXE / v o & Y L-BEa s Nucleolar proteln PES1 is a marker (_)f
neuroblastoma outcome and is
associated with neuroblastoma
differentiation. Cancer Sci. 2015
106:237-43.



Murakami-Tonami Y, Kishida S, Takeuchi
I, Katou Y, Maris M, Ichikawa H, Kondo
Y, Sekido Y, Shirahige K, Murakami H,
Kadomatsu K. Inactivation of SMC2
shows a synergistic lethal response in
MYCN-amplified neuroblastoma cells.
Cell Cycle. 2014 13:1115-31.

Cao D, Kishida S, Huang P, Mu P, Tsubota
S, Mizuno M, Kadomatsu K. A new
tumorsphere culture condition
restores potentials of self-renewal
and metastasis of primary
neuroblastoma in a mouse neuroblastoma
model. PLoS One. 2014 9:e86813.

Kadomatsu K, Bencsik P, Gorbe A, Csonka
C, Sakamoto K, Kishida S, Ferdinandy P.
Therapeutic potential of midkine in

cardiovascular disease. Br J Pharmacol.

2014 171:936-44.

Kishida S, Kadomatsu K. Involvement of
midkine in neuroblastoma
tumourigenesis. Br J Pharmacol. 2014
171:896-904.

Hasan MK, Nafady A, Takatori A, Kishida
S, OhiraM, Suenaga Y, Hossain S, Akter
J, Ogura A, Nakamura Y, Kadomatsu K,
Nakagawara A. ALK is a MYCN target gene
and regulates cell migration and
invasion in neuroblastoma. Sci Rep.
2013 3:3450.

Kadomatsu K, Kishida S, Tsubota S. The
heparin-binding growth factor
midkine: the biological activities and
candidate receptors. J Biochem. 2013
153:511-21.

Kishida S, Mu P, Miyakawa S, Fujiwara
M, Abe T, Sakamoto K, Onishi A,
Nakamura Y, Kadomatsu K. Midkine
promotes neuroblastoma through Notch2

signaling.Cancer Res. 2013 73:1318-27.

5
Satoshi Kishida. The RNA Aptamer
against Midkine Suppresses
Neuroblastoma Xenograft Growth by
Attenuating Midkine-Notch2 Pathway.

Advances in Neuroblastoma Research
2014, 2014 5 13-16 , Cologne,
Germany

Satoshi Kishida. RNA aptamer and
monoclonal antibody-mediated
targeting of  midkine against
neuroblastoma, The Third Midkine

Symposium, 2014 4 21-23 ,

MK , 25

¢y

@

®

2013 12 11 ,

Satoshi Kishida, Ping Mu, Shin
Miyakawa, Masatoshi Fujiwara,
Tomoyuki  Abe, Kazuma  Sakamoto,
Yoshikazu Nakamura, Kenji Kadomatsu.
Midkine promotes neuroblastoma
through Notch2 signaling in model
miced 72 ,
2013 10 3-5 ,

Satoshi Kishida. The growth factor

Midkine plays a critical role in the
tumorigenesis of neuroblastoma via
Notch2  signaling, Advances in
Neuroblastoma Research 2012, 2012

6 18-21 , Toronto (Canada)

1
Tadashi Suzuki, Satoshi Kishida, Kenji
Kadomatsu et al. Sugar Chains, 2015
287(127-138).

1
PCT/JP2013/070642
2013 7 30
0

KISHIDA SATOSHI

20402563

KADOMATSU KENJI

80204519



