FRALL 0B 3 MRD DEEKHER

O DNA SREAEI 7«7 8 A SHIIEL &
Buffy coat DNA & H W TR L 7o £ DA HRS (10 7,
10° 107 100 &&bic, SHERCEL TRES
N7 14 =—"% & AS0 77 1 <% — % H T nested
PCR™™ %{T»7. RPCREMAIF YU AT a<A
FlIcTgsta L 12 2% 7 H o — 257 LCEZKE L, HR
FHD s FO(E G E L L T MRD OEEE TV,
10 1 LARYE, Fhkiisiaits L.

5Es, MEOERH, FHICH > TRBERRORE
Al AT -1,

. # £

B B R O BT B R 7 ) — = v 7 TRIE
LA 7o SIEM o G & B RERR B Lo T h e H
W TEREF L 72 ASO 7T A4 % — % Table 3 128, HAE
BRI 2 DS TCR y T, 2 g Bl FIRAELT
BO, iEW 1 OADUHFEELL 70—/ Th- 12,

ShEH O FHREDOFE - )7 & MRD EE DR %
Fig. 2 1cR 9. 4EH t & 2 (S2 #) 3 ALL-REZ
BFM2002 WF Sk BEABGR L, EF 1
FEESNIC I HERMSE S LA, Point L ITBT5
MRD EM 10 DL XUVTHHEETH -/ (Fig. 3). D
th KBy 5 5 ey Adul & 3Lk TIRE R AL
L7y, $2E%%E 3L TEOEBOLEEREC IR
Phxp Lo, ZiEOEEDT, JEEHMIIC HLA DNA
BDRB | M £--3 o ¥+ —h SR E RGBT
Wiz iy L 72 hvHie 2286, HLA [1IL7&% GVHD J7la 2
Mg, R i) 3 EE A B D BRI A O BB ST L 7.
FORPEELBED LD, BHBEAEE TR

grade 3, thrombotic microangiopathy, veno-occlusive dis-

ease ¥ &HFL, ZRAB AR ERE S DA THTL
fo. GEM 2 RS b RO A THERICE Y, Lk
8 7 — WOMILEEAIT > THBEZMHIFL CL oy
HLA —E O EBEAEL, SCTWREBEOERK &7 -
to. UL L SRS B8O MRD EAHEBERET
NTHEREL T TRETH -2 05 (Fig 3), £
GEHEMHELER, BREIEEES, CCLSG
ALL2004 IR OBEGIRTHIFHE (Fig ) 294 A8
MUITWIRBR T E L, BRIGEK TR 2 7 ABRE
MRD [&lhD & F B ZMHERL TV 5.

FEM 3 & 4 (S38E) &, 8L < ALL-REZ BFM2002
HFcES W THEREAMUEEEEER L, ST
BEERHSHEEINY. UL Point | BLU Point 2 TD
MRDERZIAEN 107 & 107 TEEZHED LD
(Fig. 3), SCTO#EIEE I -7, WINSMIFE K+ —H
BonTINBERBEOERZAED TWIch, EH 3
BHEMEH S VA TE 2HEL KL, t0RIEE
TREICIRIE & e, BREN 137 HTIEERL /2.
fEG] 4 G amiefk 4 o0 — 2 (T8, HLA T8I
MHEFFr - oREFSMBEES BTSN, BER
MRD bHIERELT &, HEF TEBRAHEREL T
W5,

Fto, FEF L, 3, 412V TIRBEDREMRESE
WRERETH » 2%, TS EHWTHEA BRI MRD
EBE(T - o, FEF L RER 39 HRi (WElaERG
%7 HH), fiEfFl 47 7 Al (WEEERMER 14 7 )
DT TIZ MRD DAL D o1, (ER] 3 13H
6 hARIKEETESL OO 10 * THEIENED S
nTuni.

Table 3 Ig/TCR gene rearrangement and sequence of ASO primer of each case

Gene rearrangement

Sequence of ASO primer

Vyl: del 18bp
Jyl.1: del Sbp

Case | TCRy (Vyl-JyL])
ins 4bp

kDE: del 3bp

Case 2 [gr (kDE-RS) RS: del 3bp

ins 4 bp

x£DE: del Obp

Case 3 lgn (kDE-Vr 1) Vil del lbp

ins 2bp
Vyl: del Sbp
Case 4 TCRy (Vyl-Jyl.3)
__ins Tbp

Jy1.3: del [2bp

TTGATCCAATCACTCCCGGTAATAGACC

»

TAGCCAGCTTTCCTGTTCCGCCCTAGTGG

ACTTACAATGCCCCCCG(iAGCCCTAGTG

TGTGCCACCTGGGCCCGGAGGAAACTCT

ins: insertion.

[talic letters indicate the inserted nucleotides. Arrow indicates sequence of ASO primer from 3’ to 5'. del: deletion,
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FLAC/ NI mial $ 23 % 5 1% (200042 H)

Onset i 2 3 4 s year(s)
casel CCLSG ALL 2000 r———-{-—_—]:_—]u'f
.............. sareeed @@
ALL-REZ BFM 2002* salvage therapy** SCT
2CR™2R

MRD () (—) P1(+) P2(+)

case? CCLSG ALL 2000 : r———-—+— |
J
ALL- REZ BFM 2002 CCLSG ALL2004 SR
2nd year treatment***
2CR >

MRD (+) (—) PI(—) P2(—) (—) () (=

case3 CCLSG ALL 2004 pilot L Ik
I
ALL-REZ BFM 2002  salvage therapy****
2CR— 2R

MRD (—) () P1(+) P2(+)

cased CCLSG ALL 2004 pilot |, |¥ SCT®
]
ALL-REZ BFM 2002
2CR >
MRD (+) (=) PI{(+)P2(+) ()
Fig. 2 Clinical course and the results of PCR-based MRD analysis of each case

* ALL-REZ BFM 2002 protocol consists of dexamethasone, 6MP, VCR or vindesine, HD-MTX, HD-AraC, ifosmide,
daunorubicin, L-Asp, and triple IT. ** Salvage therapy for case [ consists of HD-AraC—+ CPM-+THP-ADR+PEG (poly-
ethylene glycol)-Asp+PSL, HD-AraC + etoposide +idarubicin, and AraC+ mithoxantrone +etoposide. *** CCLSG ALL
2004 SR 2nd year treatment is shown in Fig. 1. **** Salvage therapy for case 3 consists of HD-AraC + CPM + THP-
ADR+L-Asp+ vindesine + dexamethasone, rituximab+L-Asp, topotecan+ vinorelbine -+ thiotepa + gemcitabine + dex-
amethasone, and etoposide + AraC +idarubicin. Conditioning regimens of SCT are as follows, SCT®: melphalan + total
body irradiation, SCT®: fludarabine +antithymocyte globulin+total body irradiation, SCT®: etoposide + CPM -+ total
body irradiation. P1 (Point 1) and P2 (Point 2) are the points of MRD quantification shown in Fig. 3. 2CR: second com-

plete remission, 2R: second relapse.

v, & =

Ig/TCR &= F A %= FI B L /2 PCR-MRD TE 8 &
1980 FEACILE L D IR DS, TLEEBZE O 100 520 L
EEZOLND 107D 6 10 DRE T MRD DREHAA]
BET, W% ALL TREMEAZOERMNMILL 2 TR
KT &5 EMIEEHENYY, BFM 7V — 7% Dana-
Farber Cancer Institute” T OEEHEH 2R W iREE
b ahTws, Zhid, U o SERRMEEN
[/ TCR ETHEK S 7 v 7 L RIEAOHAIL L - T
LREMEAEE LB o — b BEENE L CESL
T3 ERRBLT, F0ra— yHENDEEERTE
PCR M8 L S FHEM N~ —h — & T 5FETH B
AE BV T, CCLSG ALL 911 IRk 1A
HIRFE TR S 55 MRD TE B# 1< SO &S 1 5 F1BEE N

ot & T & OMEBEEERE L TB DY, CCLSG TRAM
DOIEFIC#H X i ALL 2000 MRD WFRLIRE, 1REE
AHLORFICHVEN TV S,

—7, BHRALLICB 5 PCR-MRD EEIC2WVWTh,
139 BFM 7 )V — 7T ALL-REZ BFM & L THFFLA%
FohTeo, RO FREME EREH, B
£, EIURMIEO SIEFEMRRLC 4 Bt d 5 S
4R (Table 2)' ZHV, S2 B THABRMHAESA{ITHON
T\Ww3, I ild ALL-REZ BFM90, 95, 96 (FIc B 11 5
S2 BEICEA L T MRD MRS S & T8 & OMIBI & MRET L
7o b DT, day 36 (FEMBEAZEL THR) O MRD (2
PE 16 D 6 HAEA <+ HEEER (event-free survival:
EFS) 75 86%Td 5 DICX L T MRD B 10 13 0%
TH-1EhH, MRDTEEICE » THEH T 2 R
OB GESERFROTFMEFTH 5 LhxonT
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B ALL 1081 5 MRD DRI ESR

100 102 103 10* 10° BC P1 P2

case 1

100 1072
case 2

100 1072 1033

100 102
case 4

Fig. 3 Results of MRD quantification by nested PCR

10 10% 10 BC P1 P2

104 10 BC P1 P2

102 10 10 BC P1 P2

The bone marrow DNA sampled at relapse (10°) with the serially (with 10-fold dilution steps, 10 *~107") diluted the
leukemic DNA in the BC (buffy coat) and the bone marrow DNA after treatments (P1 and P2) were amplified using allele-
specific primers (see Table 3) with BC as a normal DNA control.

WAY, ThaSd THEITO 2002 FR TR, MRD E®
fHIC & » T S2Ef ALk i & SCT If@hfba1T -
Tk, SbhbnHE Lk 2 8o 20EMNE, <
DIRTREIS IS D W TIRIBEH#H2RE L 72, MRD BB
g SCT IR T LG TE LA » A, MRD EHEMIZ-
W, IS TEBEEMSEL TS, BETHNE
HLA — 8l fa o (F1ED & SCT A #IRL 12 TH 5 H D3,
MRD EBDEAI & » THEESTE cBIEEL v -
B SCTicfES G AmcEzEEZONE, DL
SITARGNL, DTHEYFEN MRD EBICES  BRIBE
FEORIRHSARILTH |1 EMAIRETH 5 & & AFFHT
LEEBFEMTH B EVZ B,

F7-S3 #HIC>WVW T, ALL-REZ BFM87 LT 15
EEFS 73 18%Y E OMENDH D, 83 IR S 96 JIFED
FEHTIE, EBED EFS 23811 75%, S2:38%, S3:2
%, S4 4% LMoL EEELE b - T S3/4 BoHaH
MRENTVAET, bhibho S3ED2iEMTE, F
BRI E -2 LD MRD KRR E L TBHTH O,
Lo 1l SCTRIICE 2 A &L, SO0
S3 BT O MRD TEHH I, T OOEEEM &
NSO ZLHOEN T 3 EEZ SN,

REDEF ALL O 2K ORI, Yumura S5 157 iE
o> ¥ T 5 EFS 32.9%'™, Matsuzaki S A5 117 il D
Ml T BFS 251%™ & 2 hFNMEL TV 5, Si%EE

O Lo tkyicid, S3/S4fEFICH T 2iaEOKRE
AR ULHSTIFIUBEREZLONDY, 2 #H
WHEIETHEEZONLTERBIFTSCT 2 T 6N D
BEMAEMHIT 5 &3, BEAORAECHRIIEE DR
DEMRTLEETHLELEAON, COBNODIHDICI
PCR-MRD ERIEIFHICERHEFETH S, £, (LF
BER PR THES 50V SCTROEBEYDRMEL LT
b, TOFEEAVTODLYWE 'EROBES 2HRT
5 EMHEETH 0, HEHEB LU CCLSG &bk % b
e Licx g FHEMTCERAfbash TR, 35T,

HHEFOREREOERGERNIFETIC XD, EF 3, 4
TH—EFEYIC MRD O A SN T W &b D

By o— yDPUIHERELE—DBEICE, BRORHR
RO TYIC PCR-MRD 2GH ©% 2 AlgEEAE 2
it '

MRD EEIC I T DIEMIC, FCM ic X 3 BE¥HTFE
MHY, TORSIEHENEET, T8 Rt T
Ch, Z2LOMERICEEPER LTV A HEADNES
THhiLIERENETONSE., UL Lo EEMias
& DRXBINRELISE, 7 — 7 OFEMICRIESAE
5T ENH B, THITK L T PCR-MRD T & 138 H
B FCM DY 10 fE CEAIR RSN S, XA TRE
DRERIA T b ERE, B EOREE bHOKE, &
MTFEREMICHEETH 5. $1EM 1 O & > ICEHRERIC
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ZOMALGDEICL - T, LDIEHKL MRD OEENE
fEhTn5b
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TEEEE f;?a?ﬁ%s‘w%‘-éilw e, SRENTHLD
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REIHEN RS R ER non-lincage
ChiY M dami CDB - MPO cnlo
CH79a AT CD3 ehis Ch34
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REHTIVER THR HE S B £ TN
¢h20 ch2 Chi4 ChIb Ch24 CDhtia
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1 B-lincage ©

Mature 1 B-ALLY 0 #IHRL 200 1 Mk
3, 6. 7.
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Type | T-ALL ey WAL CDILS,
Type 2 0 T-ALL o) WedEA Q72 L0 CDIT3.

DR RSIVEIF /AT
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1. 330 1O st
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MYCN oncogene is one of the most important regulators affecting the prognosis of neuroblastoma and is
frequently amplified in the high-risk subsets. Despite its clinical significance, it remains unclear how the
MYCN expression is regulated in human neuroblastomas. Here, we found the presence of a positive auto-
regulatory mechanism of MYCN. Enforced expression of MYCN induced endogenous MYCN mRNA expres-
sion in SK-N-AS neuroblastoma cells with a single copy of MYCN gene. Luciferase reporter assay revealed
that MYCN protein activates its own promoter activity in a dose-dependent manner and the downstream
region relative to the transcription start sites is responsible for the activation. Furthermore, ChiP analysis
showed that MYCN is directly recruited onto the intron 1 region of MYCN gene which contains two puta-
tive E-box sites. Intriguingly, in response to all-trans-retinoic acid (ATRA). MYCN was down-regulated in
MYCN-amplified SK-N-BE neuroblastoma cells, and the recruitment of MYCN protein onto its own intron
1 region was reduced in association with an induction of neuronal differentiation. Collectively, our pres-
ent results suggest that MYCN contributes to its own expression by forming a positive auto-regulatory
loop in neuroblastoma cells.
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Introduction outcome of the patients and is correlated with low grade of neu-
ronal differentiation in tumors {10]. These results are consistent
with the notion that MYCN promotes tumor progression via tran-
scriptional activation of the target genes, and that down-regula-
tion of MYCN may be a critical step for the process of neuronal
differentiation. Indeed, in response to differentiation stimuli like
NGF or retinoic acids (RAs), endogenous expression of MYCN is
suppressed [11,12] and enforced expression of MYCN inhibits
NGF- or retinoic acid-mediated neuronal differentiation {13,14].
Moreover, MYCN silencing alone is enough to induce neuronal dif-

Neuroblastoma is one of the most common solid tumors in
children and originates from the embryonic neural crest cells
[1,2]. It accounts for about 15% of childhood cancer deaths, and
at least 40% of all neuroblastomas are designated as high-risk
tumors which often occur in patients over one year of age and
show characteristic genomic abnormalities including allelic loss
of the distal part of chromosome 1 and gain of chromosome 2p
[1-3]. MYCN is an oncogene mapped to chromosome 2p, and its

amplification is a strong indicator for poor outcome in patients’
survival [4-6). Transgenic mice which overexpress MYCN driven
by the tyrosine hydroxylase promoter in sympathetic neurons de-
velop aggressive neuroblastoma, indicating that MYCN has an
intrinsic oncogenic potential in vive [7]. MYCN protein activates
transcription of the genes that are involved in diverse cellular
function, such as cell growth, apoptosis, and differentiation {8,9].
Recently, by using computational analysis of gene expression pro-
file, Fredlund et al. showed that high transcriptional activity of
MYC family pathway in primary neuroblastomas predicts poor

* Corresponding author. Address: Division of Biochemistry and Innovative Cancer
Therapeutics, Chiba Cancer Center Research Institute, 666-2 Nitona, Chuoh-ku,
Chiba 260-8717, Japan. Fax: +81 43 265 4459.

E-mail address: akiranak@chiba-cc,jp (A. Nakagawara).
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ferentiation in several MYCN-amplified neuroblastoma cell lines
[15,16].

Retinoic acids (RAs) are now being used as one of the tools in
the standard treatment protocols for high risk neuroblastomas,
and demonstrated significant therapeutic effects on event-free sur-
vival [1,17,18]. Although the down-regulation of MYCN by RA was
first reported in 1985 [12], the precise mechanism of its regulation
is still elusive [19]. Previously, E2F family and Sp1/Sp3 were
reported as the transcription factors which regulate basal expres-
sion of MYCN [20-22]. In response to retinoic acid treatment, bind-
ing of E2F-2, -3 and -4 to the core promoter of MYCN gene was
decreased after 12 days of RA treatment {20}, whereas Sp1/Sp3
binding was not affected by RA [23]. However, since RA treatment
represses MYCN transcription at more early stage [12], there might
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be alternative mechanisms which accelerate a decline of MYCN
mRNA in response to RA treatment.

In the present study, we have found the presence of a positive
auto-regulation in MYCN transcription. MYCN protein enhances
its own promoter activity through its direct recruitment onto the
intron 1 region of MYCN gene. Treatment with all-trans-retinoic
acid (ATRA) significantly represses MYCN mRNA expression accom-
panied by a marked decrease of the amount of MYCN protein re-
cruited onto the intron 1 region. These results suggest that the
positive auto-regulation of MYCN is repressed by ATRA, resulting
in the further down-regulation of MYCN mRNA expression.

Materials and methods

Cell culture and transfection. SK-N-AS neuroblastoma cells were
grown in RPMI 1640 medium supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS, Invitrogen) and antibiotic mixture
in a humidified atmosphere of 5% CO; in air at 37 °C. SK-N-BE neu-
roblastoma cells were cultured in a mixture of minimal essential
medium (MEM) and Hanks F12 medium supplemented with 15%
heat-inactivated FBS and antibiotics. For transfection, cells were
transfected with the indicated expression plasmids using Lipofect-
AMINE 2000 according to the manufacturer's instructions
(Invitrogen).

Construction of luciferase reporter plasmids. A luciferase reporter
plasmid containing the region of MYCN promoter encompassing
from —221 to +1312 (where +1 represents the transcription initia-
tion site) was generated by PCR-based amplification using genomic
DNA prepared from human placenta as a template. Oligonucleotide
primers used were as follows: 5'-GAGCTCCAGCTTTGCAGCCTTCTC-3
(forward) and 5-AACCAGGTTCCCCAATCTTC-3' (reverse). An
underlined sequence in the forward primer indicate the Sacl
restriction site. PCR products were subcloned into pGEMT Easy
plasmid (Promega) according to the manufacturer’s protocol. After
sequencing, PCR products were digested with Sacl and subcloned
into Sacl restriction sites of pGL3 basic plasmid (Promega) to give
MYCN(-221/+1312).

RT-PCR and quantitative real-time RT-PCR. Total RNA was pre-
pared using RNeasy Mini Kit (Qiagen) following the manufacturer’s
protocol. cDNA was synthesized using SuperScript Il with random
primers (Invitrogen). Quantitative real-time RT-PCR using an ABI
PRISM 7500 System (Perkin-Elmer Applied Biosystems) was car-
ried out according to the manufacturer’s protocol. Following were
primers used for this analysis: human MYCN 5'-TCCATGACAGCGCT
AAACGTT-3' (forward) and 5'-GGAACACACAAGGTGACTTCAACA-3'
(reverse). All the reactions were performed in triplicate. The mRNA
levels of each of the genes were standardized by B-actin.

Immunoblotting. Cells were washed with ice-cold PBS and lysed
with SDS-sample buffer. After a brief sonication, cell lysates were
boiled for 5 min, resolved by 15% SDS-PACE, and electrotrans-
ferred onto Immobilon-P membranes (Millipore). The membranes
were blocked with Tris-buffered saline (TBS) containing 0.1%
Tween 20 and 5% nonfat dry milk, and then incubated with mono-
clonal anti-MYCN (AB1, Oncogene Research Products), monoclonal
anti-tTG (AB-3, NeoMarker), anti-TUBBHI (Tuj1, Covance), or with
polyclonal anti-actin (20-33, Sigma) antibody for 1h at room
temperature, followed by an incubation with an appropriate horse-
radish peroxidase-conjugated secondary antibody (Jackson Immu-
noResearch Laboratories) for 1h at room temperature. The
chemiluminescence reaction was performed using the ECL reagent
(Amersham Biosciences).

Luciferase reporter assay. SK-N-AS cells were co-transfected with
the indicated MYCN promoter luciferase reporters, pRL-TK Renilla
luciferase cDNA together with or without the increasing amounts
of the expression plasmid for MYCN. Total DNA per transfection
was kept constant (510 ng) with pcDNA3 (Invitrogen). Forty-eight

hours after transfection, firefly and Renilla luciferase activities were
measured with Dual-luciferase reporter assay system according to
the manufacturer’s instructions (Promega).

Cell counting. Cells were seeded at a density of 10,000 cells/well
in 12-well tissue culture plates. After allowing the attachment of
cells overnight, culture medium was replaced with the fresh med-
jum containing with or without 5 uM of ATRA. At the indicated
time periods after ATRA treatment, the numbers of viable cells
were measured in triplicate under microscopic observation.

Chromatin immunoprecipitation {ChIP) assay. ChIP assay was per-
formed according to the protocol provided by Upstate Biotechnol-
ogy. In brief, SK-N-BE cells were treated with or without 5 uM of
ATRA for 3 days, and cells were cross-linked with 1% formaldehyde
in medium at 37 °C for 8 min. Cells were then washed in ice-cold
PBS and resuspended in 200 ul of SDS lysis buffer containing
protease inhibitor mixture. The suspension was sonicated to an
average length of 200-600 nucleotides, and pre-cleared with pro-
tein G-agarose beads for 30 min at 4 °C. The beads were removed
by centrifugation and the chromatin solution was immunoprecipi-
tated with normal mouse serum (NMS) or with monoclonal anti-
MYCN (AB1, Oncogene Research Products) antibody at 4°C
overnight, followed by incubation with protein G-agarose beads
for an additional 1 h at 4 °C. The immune complexes were eluted
with 100 pl of elution buffer (1% SDS and 0.1 M NaHCOs;) and
formaldehyde cross-links were reversed by heating at 65 °C for
6 h. Proteinase K was added to the reaction mixtures and incubated
at 45 °C for 1 h. DNA of the immunoprecipitates and control input
DNA were purified and then analyzed by standard PCR. Primers used
were as follows: MYCN: forward 5'-CTGTCGTAGACAGCTTGTAC-3,
reverse 5'-AACCAGGTTCCCCAATCTTC-3'; NLRR1: forward 5'-AAGTT
GGATTTGATGACTGATACG-3', reverse 5-AGGCAAGAGACCATGTGC
AGGAG-3'. NLRR1 was used as a positive control [24].

Results
MYCN enhances its own promoter activity

To examine whether MYCN could directly regulate its own
expression in neuroblastoma cells, human neuroblastoma-
derived SK-N-AS cells bearing a single copy of MYCN, were tran-
siently transfected with MYCN expression plasmid and the
expression levels of endogenous MYCN mRNA were measured
by semi-quantitative RT-PCR. The primer set used in this study
was designed to detect the 3'UTR region of MYCN mRNA. There-
fore, only the endogenous MYCN mRNA was detectable. As
shown in Fig. 1A, enforced expression of MYCN significantly in-
duced the endogenous MYCN mRNA. Lower panel of Fig. 1A
showed the results obtained from immunoblotting experiments.
Under our experimental conditions, our antibody against MYCN
detected both the endogenous and exogenous MYCN. Similar re-
sults were also obtained from the quantitative real-time RT-PCR
(Fig. 1B), suggesting that MYCN has an ability to transactivate its
own promoter.

To identify the MYCN-responsive region within human MYCN
genomic sequence, we generated a luciferase reporter plasmid con-
taining MYCN genomic fragment encompassing from -221 to
+1312, where +1 represents the transcriptional initiation site,
termed MYCN(—221/+1312). SK-N-AS cells. were transiently co-
transfected with the constant amount of MYCN(-221/+1312),
Renilla luciferase reporter plasmid together with or without the
increasing amounts of the expression plasmid for MYCN. As shown
in Fig. 1C, enforced expression of MYCN resulted in a significant
enhancement of the luciferase activity driven by MYCN promoter
in a dose-dependent manner. These results strongly suggest that
the genomic fragment of MYCN (at positions —221 to +1312) con-
tains a MYCN-responsive region(s).
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Fig. 1. Enforced expression of MYCN induces the endogenous MYCN mRNA. (A) Expression levels of the endogenous MYCN mRNA. SK-N-AS neuroblastoma cells were
transiently transfected with pcDNA3 or with MYCN expression plasmid. Forty-eight hours after transfection, total RNA and whole cell lysates were prepared and
subjected to semi-quantitative RT-PCR and immunoblotting, respectively. For RT-PCR, B-actin was used as an interna! control. For immuncblotting, actin was used as a
loading control. (B) Quantitative real-time RT-PCR. Total RNA were prepared as in (A) and subjected to quantitative real-time RT-PCR to examine the expression levels of
the endogenous MYCN mRNA. (C) Luciferase reporter assay. SK-N-AS cells were transiently co-transfected with the constant amount of the luciferase reporter plasmid
termed MYCN(-221/+1312) (100 ng) and Renilla luciferase reporter plasmid (pRL-TK) (10 ng) along with or without the increasing amounts of MYCN expression
plasmid (100, 200, or 400 ng). Forty-eight hours after transfection, cells were lysed and their luciferase activities were measured. Firefly luminescence signal was
standardized by the Renilla luminescence signal. Results are shown as fold induction of the firefly luciferase activity compared with control cells transfected with the

empty plasmid.

MYCN is recruited onto the putative E-boxes located within intron 1 of
MYCN to enhance its own promoter activity

During an extensive search for the 5'-upstream region and in-
tron 1 of human MYCN, we have found out two canonical E-boxes
within intron 1. We then generated two kinds of 3'-trucated MYCN
promoter luciferase reporter constructs termed MYCN(—-1030/+21)
and MYCN(-221/+21) and determined their luciferase activities in
response to ectopic MYCN. As shown in Fig, 2A, the luciferase re-
porter assay demonstrated that both of those luciferase reporter
constructs do not respond to the increasing amounts of MYCN, sug-
gesting that the genomic fragment (at positions +22 to +1312) con-
taining the putative E-boxes but not the 5-upstream region of
MYCN is required for MYCN-dependent transcriptional activation
of MYCN.

To further confirm this notion, we performed a chromatin
immunoprecipitation (ChIP) assay. The cross-linked genomic DNA
prepared from MYCN-amplified human neuroblastoma-derived
SK-N-BE cells was subjected to ChIP assay using the indicated pri-
mer set (Fig. 2B). NLRR1 which is one of MYCN-target gene [24],
was employed as a positive control for this experiment. As clearly
shown in Fig. 2B, DNA fragment containing the putative E-boxes
was specifically amplified, indicating that the endogenous MYCN
directly binds to the canonical E-boxes.

ATRA induces neuronal differentiation in SK-N-BE cells

All-trans-retinoic acid (ATRA) is one of the well-established
inducers for neuronal differentiation and/or apoptosis in neuro-
blastoma cells. In response to ATRA, a marked reduction in the
expression level of MYCN is detectable in neuroblastoma-derived
cell lines [8]). Consistent with those observations, ATRA treatment
resulted in a significant decrease in growth rate of SK-N-BE cells
(Fig. 3A) in association with their remarkable morphological
changes (Fig. 3B). Close inspection of cell shapes demonstrated that

A

MYCN(-221/+1312) V sz
VG

MYCN(~1030/+21) V
1 B

MYCN(-221/+21) V
P

B 8E-box

—_—

Exon 1 —» 4 Exon2
Input Chip
IP: NMS MYCN NMS MYCN

MYCN

Fig. 2. MYCN has an ability to enhance its own promoter activity. (A) Luciferase
reporter assay. SK-N-AS cells were transiently co-transfected with the constant
amount of the indicated luciferase reporter constructs (100ng) and Renilla
luciferase reporter plasmid (pRL-TK) (10 ng) together with the empty plasmid
{pcDNA3) or with the expression plasmid for MYCN, Forty-eight hours after
transfection, cells were lysed and their luciferase activities were measured as in
Fig. 1C. (B) ChIP assay. SK-N-BE neuroblastoma cells were cross-linked with
formaldehyde and the cross-linked chromatin was sonicated followed by immu-
noprecipitation with normal mouse serum (NMS) or with monoclonal anti-MYCN
antibody. Genomic DNA was purified from the immunoprecipitates and subjected
to PCR using the indicated primer set. The positions of the putative E-boxes and
primer set are also shown. The anti-NLRR1 immunoprecipitates were used as a
positive control.
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Fig. 3. ATRA induces neuronal differentiation in SK-N-BE cells. (A) Growth curves of SK-N-BE cells in the presence (solid diamond) or absence (solid triangle) of ATRA. Cells were
grown in the standard culture medium and treated with 5 M of ATRA or left untreated. At the indicated time points after the treatment with ATRA, number of viable cells was
measured in triplicate. (B) ATRA-mediated neuronal differentiation in SK-N-BE cells. Cells were exposed to ATRA at a final concentration of 5 tM or left untreated. Four days after
the treatment with ATRA, cells were examined by phase-contrast microscopy. (C) Immunoblotting. SK-N-BE cells were exposed to 5 pM of ATRA. At the indicated time periods
after ATRA treatment, whole cell lysates were prepared and processed for immunoblotting with the indicated antibodies. Actin was used as a loading control.

ATRA treatment induces neurite outgrowth, suggesting that SK-N-
BE cells undergo neuronal differentiation in response to ATRA.
Additionally, ATRA-mediated down-regulation of the endogenous
MYCN and concomitant up-regulation of neuronal markers such
as neuron specific class HI g-tubulin (Tuj1) {25] as well as transglu-
taminase Il (tTG) [26] were detected as examined by immunoblot-
ting (Fig. 3C).

A significant decrease in the amounts of MYCN recruited onto the
genomic region containing the putative E-boxes in response to ATRA

We then examined the expression levels of MYCN mRNA in
ATRA-treated SK-N-BE cells. To this end, SK-N-BE cells were ex-
posed to 5 uM of ATRA. At the indicated time points after ATRA
treatment, total RNA was prepared and processed for quantitative
real-time RT-PCR. In accordance with previous observations [12],
the expression levels of the endogenous MYCN mRNA significantly
decreased in ATRA-treated SK-N-BE cells (Fig. 4A, upper panel).
Similar results were also obtained from semi-quantitative RT-PCR
(Fig. 4A, lower panel). These observations prompted us to examine
whether MYCN could be involved in a decrease in MYCN mRNA lev-
els in response to ATRA. For this purpose, we performed ChIP as-
says using ATRA-treated SK-N-BE cells. As shown in Fig. 4B, ATRA
treatment remarkably reduced the amounts of the endogenous
MYCN recruited onto the genomic region containing the putative
E-boxes. Since MYCN enhanced its own promoter activity, our
present findings indicate that ATRA-mediated decrease in the
expression level of the endogenous MYCN leads to the repression
of the positive auto-regulation of MYCN, and thereby promoting
neuronal differentiation.

Discussion

Similarly to other MYC family members, c-MYC and MYCL, the
MYCN gene is frequently amplified in many types of human can-
cers including neuroblastoma, and its overexpression is signifi-
cantly associated with aggressiveness of the tumors [1,27]. In
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Fig. 4. ATRA-mediated down-regulation of MYCN mRNA. (A) Quantitative real-time
and semi-quantitative RT-PCR. SK-N-BE cells were treated with 5 uM ATRA. At the
indicated time periods after the treatment with ATRA, total RNA were prepared and
subjected to quantitative real-time RT-PCR (upper panet) and semi-quantitative RT-
PCR (lower panel). -actin was used as an internal control. (B) ChiP assay. SK-N-BE
cells were treated with 5 uM of ATRA or left untreated. Three days after ATRA
treatment, cells were cross-linked with formaldehyde. The cross-linked chromatin
was sonicated and immunoprecipitated with normal mouse serum (NMS) or with
monoclonal anti-MYCN antibody. Genomic DNA was then purified from the
immunoprecipitates and subjected to PCR-based amplification by using the primer
set as shown in Fig. 2B.
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neuroblastoma, MYCN is amplified and closely linked to poor sur-
vival probability of patients {4-6]. However, expression levels of
MYCN in individual tumors are regulated by not only the gene copy
number but also the transcriptional regulation [28,29]. Indeed,
MYCN mRNA is expressed at significantly high levels even in some
subsets of neuroblastoma with a single copy number of MYCN
gene. In the present study, we have demonstrated that MYCN pro-
tein enhances its own promaoter activity through direct binding to
the intron 1 region. To our knowledge, this is the first evidence that
MYCN forms a positive auto-regulatory loop through its own tran-
scriptional activation. Since the amplified genomic DNA at MYCN
gene contains the responsive MYCN binding sites (within intron
1), the identified mechanism may explain the reason why tran-
scription of each MYCN gene is activated both in MYCN-amplified
and non-amplified neuroblastoma cells.

In a sharp contrast to ¢-MYC, the expression of MYCN is strictly
restricted in both human and mouse adult tissues [9,19,30]. To
delineate the essential region of MYCN promoter for the tissue-spe-
cific expression, the previous studies using transgenic mice
showed that the human transgene containing 3.5 kb of upstream
and 3 kb of downstream sequences were, at least in part, responsi-
ble for the expression pattern of the endogenous MYCN gene
[31,32]. Further studies revealed that the downstream region
including exon 1 and intron 1 is required for tissue-specific pro-
moter activity of MYCN, whereas the upstream region regulates ba-
sal promoter activity [19]. In support with this notion, the latter
region includes a sequence with high homology to the second pro-
moter of c-MYC, Furthermore, E2F family proteins bind to enhance
basal transcription activity through these regions in both of the
two genes {19,20]. Our present results have also revealed that
ectopically expressed MYCN activates its own promoter activity
through the intron 1 region but not the upstream region, suggest-
ing that the positive auto-regulation of MYCN may contribute to
maintain tissue-specific expression of MYCN rather than basal tran-
scription of the gene.

We have previously found that endogenous expression level of
Bcl-2 is one of the keys to determine responsiveness to ATRA for
inducing neuronal differentiation or apoptosis in neuroblastoma
cells [33]. Indeed, ATRA treatment repressed MYCN expression
and thereby celis underwent differentiation or apoptotic cell death
{12,19]. However, it has been shown that MYCN mRNA is tran-
siently down-regulated in response to RA and begins to increase
3-4 days after the administration of RA in several RA-resistant
neuroblastoma cell lines [34 and our unpublished observations].
Therefore, it is likely that there could exist at least two distinct
molecular mechanisms behind MYCN expression in response to
RA. The first one is that MYCN expression is rapidly down-regu-
lated in response to RA in RA-sensitive neuroblastoma cells. The
second one is that RA-mediated repression of MYCN is recovered
in RA-resistant neuroblastoma cells. Considering that MYCN has
an ability to transactivate MYCN gene, it is conceivable that this po-
sitive auto-regulatory mechanism of MYCN expression might be at
least in part involved in both cases. Thus, the disruption of this po-
sitive auto-regulatory mechanism of MYCN expression might pro-
vide a novel strategy for developing anti-cancer treatment. To
date, it remains unclear how ATRA treatment could cause the
down-regulation of MYCN in ATRA-sensitive neuroblastoma cells,
Further studies should be required to address this issue.
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High expression of ncRAN, a novel non-coding RNA
mapped to chromosome 17¢25.1, is associated
with poor prognosis in neuroblastoma
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Abstract. Neuroblastoma shows complex patterns of genetic
aberrations including MYCN amplification, deletion of
chromosome 1p or 11q, and gain of chromosome 17q. The
17q gain is frequently observed in high-risk neuroblastomas,
however, the candidate genes still remain elusive. In the
present study, we integrated the data of comparative genomic
hybridization of 236 tumors by BAC array and expression
profiling of 136 tumors by using the in-house cDNA micro-
array carrying 5,340 genes derived from primary neuro-
blastomas. A novel candidate gene mapped to chromosome
17q25.1 with two splicing variants, Nblal0727 and
Nblal2061, was identified. The transcript size appeared to be
2.3 kb by Northern blot, however, the cDNA sequences had
no obvious open reading frame. The protein product was
undetectable by both in vivo and in vitro translation assays,
suggesting that the transcript might not encode any protein
product. Therefore, we named it as ncRAN (non-coding RNA
expressed in aggressive neuroblastoma). In analysis of 70
patients with sporadic neuroblastoma, the high levels of
ncRAN mRNA expression were significantly associated with
poor outcome of the patients (p<0.001). The multivariate
analysis showed that expression of ncRAN mRNA was an
independent prognostic factor among age, stage, origin and
MYCN expression. Ectopic expression of ncRAN induced
transformation of NIH3T3 cells in soft agar, while knock-
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down of endogenous ncRAN with RNA interference
significantly inhibited cell growth in SH-SYS5Y cells.
Collectively, our results suggest that 7cRAN may be a novel
non-coding RNA mapped to the region of 17q gain and act
like an oncogene in aggressive neuroblastomas.

Introduction

Neuroblastoma is one of the most common pediatric solid
tumors in children and originates from sympathoadrenal
lineage of the neural crest. Its clinical behavior is hetero-
geneous because the tumors often regress spontaneously when
developed in patients under one year of age, while they grow
rapidly and cause very poor clinical outcome when occurring
in patients over one year of age (1). Recent cytogenetic
analyses have revealed that given subsets of neuroblastoma
with unfavorable prognosis often have MYCN amplification,
gains of chromosome 1q, 2p, and 17q as well as allelic
losses of 1p, 3p, and 11q (1). However, the precise molecular
mechanisms underlying pathogenesis and progression of
neuroblastoma still remain unclear.

Accumulating evidence shows that gain of chromosome
17 or 17q is the most frequent genetic abnormality in neuro-
blastoma (1-4). We have previously conducted microarray-
based comparative genomic hybridization (array-CGH) with
a DNA chip carrying 2,464 BAC clones to examine genomic
aberrations in 236 primary neuroblastomas (5). Our array-
CGH analysis demonstrated three major groups of genomic
aberrations in sporadic neuroblastomas (n=112) that can well
define the prognoses of neuroblastomas: a genetic group of
silent chromosomal aberration (GGS, 5-year cumulative
survival rate: 68%), a genetic group of partial chromosomal
gains and/or losses (GGP, 43%), and a genetic group of
whole chromosomal gains and/or losses (GGW, 80%). The
classification of three genetic groups corresponded well with
the pattern of chromosome 17 abnormalities, namely, no
gain of either chromosome 17 or 17q, gain of chromosome
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17q, and gain of whole chromosome 17, respectively (5).
Thus, 17q gain has been implicated in close correlation with
aggressiveness of neuroblastoma (5-7). The region has been
narrowed down to 17q21-qter, in which several important
candidate genes such as Survivin and PPMID were suggested
to be involved in acquiring aggressiveness of neuroblastoma
(4,7.8).

In the present study, by combining with our previous array-
CGH data, we searched for the candidate 17q gain gene(s) by
applying the results of our gene-expression profiling obtained
from the analysis of 136 neuroblastoma samples using an in-
house cDNA microarray carrying 5,340 genes isolated from
primary neuroblastomas (9,10). This approach has led us to
identify a novel non-coding RNA as the candidate mapped
to the region of chromosome 17q gain. Its high expression is
significantly associated with aggressiveness of primary
neuroblastomas.

Materials and methods

Patients. Tumor specimens were collected from the patients
with neuroblastoma who had undergone biopsy or surgery at
various institutions in Japan. Two hundred and thirty-six
and 136 tumor samples were used for array-CGH and
expression profiling, respectively (5,10). Among them,
sporadic cases were 112 and 70, respectively. The clinical
stage of tumor was classified according to the INSS criteria
(11). Expression data for the latter 70 sporadic neuro-
blastomas, which were composed of 15 stage 1, 8 stage 2, 17
stage 3, 25 stage 4, and 5 stage 4s tumors, were used for the
Kaplan-Meier analysis. The status of MYCN amplification
in each tumor had been determined as described previously
(8). Patients were treated according to previously described
-protocols (12,13). The procedure of this study was approved
by the Institutional Review Board of the Chiba Cancer Center
(CCC19-9).

Microarray-based comparative genomic hybridization (array-
CGH) and gene expression profiling. Array-based CGH
experiments for 236 neuroblastomas by using a chip carrying
2,464 BAC clones which covers the whole human genome at
~1.2-Mb resolution were performed as described previously
(5). For the gene expression profiling of 136 neuroblastomas,
we employed an in-house ¢DNA microarray, carrying 5,340
c¢DNAs obtained from the oligo-capping cDNA libraries
generated from anonymous neuroblastoma tissues (10,14-16).
The array-CGH and gene expression profile data are available
at NCBI Gene Expression Omnibus (http://www ncbi.nlm.nih.
gov/geo/) with accession numbers GSE 5784 and GSE 5779,
respectively.

Cells, culture and transfection. NIH3T3, COS7 and human
neuroblastoma cell lines were cultured in Dulbecco's modified
Eagle's medium (DMEM) or RPMI-1640 medium containing
10% (vol/vol) heat-inactivated fetal bovine serum (FBS)
and antibiotics. Cultures were maintained in a humidified
atmosphere containing 5% CO, at 37°C. COS7 and NIH3T3
cell lines were transiently transfected using Lipofectamine
2000 reagent (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer's protocol.

Construction of expression plasmid. The full-length cDNAs
of Nblal0727 and Nblal12061 were cloned from the established
full length-enriched cDNA libraries which we made from the
primary neuroblastomas as described (14-16). The full-length
cDNAs were then inserted into pcDNA3 or pcDNA3-FLAG
plasmids.

In vitro transcription and translation assay. In vitro trans-
lation was carried out in the presence of [**S]-methionine using
TNT T7 Quick coupled transcription/translation system
(Promega, Madison, W1, USA) according to the manufacturer's
instructions. The products were resolved by SDS-PAGE and
detected by autoradiography.

In vivo [33S]-labeling experiment. COS7 cells were transfected
with the FLAG-tagged ncRAN expression vectors or the HA-
tagged MEL1 expression plasmid. After 24 h, cells were
rinsed with 1X PBS 3 times and recultured in fresh growth
medium without methionine and antibiotics. Two hours later,
[**S]-methionine (GE Healthcare, Tokyo, Japan) was added
to the medium to a final concentration of 0.1 mCi/ml, and
cells were further incubated. Cells were harvested and whole
cell lysates were subjected to immunoprecipitation using
a monoclonal anti-Flag antibody or a polyclonal anti-HA
antibody. Immunoprecipitates were resolved by SDS-PAGE
and detected by autoradiograph.

RNA isolation and semi-quantitative reverse transcription-
PCR (RT-PCR). Total RNA was isolated from frozen tumor
tissues by an AGPC method (8). Total RNA (5 pug) was
employed to synthesize the first-strand cDNA by means of
random primers and SuperScript II reverse transcriptase
(Invitrogen) following the manufacturer's protocol. We
prepared appropriate dilutions of each single stranded
cDNA for subsequent PCR by monitoring an amount of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a
quantitative control. The PCR amplification was carried out
for 28 cycles (preheat at 95°C for 2 min, denature at 95°C for
15 sec, annealing at 55°C 15 sec, and extension at 72°C 20 sec)
for ncRAN (Nblal0727 and Nbla12061). The primers used
were: ncRAN (Nblal0727) 5'-CAGTCAGCCTCAGTTTC
CAA-3' (forward); 5'-AGGCAGGGCTGTGCTGAT-3'
(reverse), ncRAN (Nblal2061) 5'-ATGTTAGCTCCCA
GCGATGC-3' (forward); 5'-CTAACTGCCAAAAGGTTT
TCC-3' (reverse).

Northern blot analysis. Total RNA (20 ug) was subjected to
electrophoresis and Northern blotting. The ¢cDNA insert
(Nblal10727) was labeled with [a-*?P]-dCTP (GE Healthcare)
by the BcaBEST™ labeling kit (Takara, Tokyo, Japan) and
used for the hybridization probe.

Soft agar assay. NIH3T3 cells were transfected with FLAG-
Nblal0727, FLAG-Nblal2061 or empty vector, and
resuspended in 0.33% agar (wt/vol) in DMEM with 10%
FBS at a density of 500 cells/plate. Cell suspensions were
poured on the top of the base layer (0.5% agar (wt/vol) in
fresh medium, and grew in a 5% CO, incubator for 14 days.
Colonies >100 gm were counted under an Olympus micro-
scope.
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Table I. The comparison of ncRAN/Nblal0727/Nbla12061 expression level among three major groups of genomic aberrations

in neuroblastomas.

ncRAN expression

Genetic group n

Mean + SD (log?2 ratio)

p-value

ncRAN-long/Nblal0727

GGS (silent) n=10

GGP (partial 17q+) n=26

GGW (whole 17+) n=35
ncRAN-short/Nbla12061

GGS (silent) n=10

GGP (partial 17q+) n=26

GGW (whole 17+) n=35

-1.1220.39 - p=0004  —
-0.60+0.48 »Z;;; P=0952
-1.11+0.48 ) p<0.001 —
-1.60+0.33 J p=0.070 -
-1.2340.59 — p=0.163
-1.8120.43 ] p<0001

n, number of samples; GGS, Genetic group silent (normal 17); GGP, Genetic group partial gains/losses (17q gain); GGW, Genetic group
whole gains/losses (17 gain); ncRAN expression levels are shown as normalized log2 ratio of microarray data. p-values were calculated

based on statistical t-test.

RNA interference. Oligonucleotides for knocking down the
ncRAN with Sacl and Xhol extension were inserted into
pMuni vector. The oligonucleotides used were: 5'-CCC
CATCCTCTAGTAGCCACGGTTTCAAGAGAACCGT
GGCTACTAGAGGATTTTTTGGAAAC-3' and 5'-TCG
AGTTTCCAAAAAATCCTCTAGTAGCCACGGTTCTCT
TGAAACCGTGGCTACTAGAGGATGGGGAGCT-3'. The
plasmids containing the oligonucleotide sequence were
transfected into SH-SYS5Y cells by using Lipofectamine 2000
reagent (Invitrogen) according to the manufacturer's protocol.

Statistical analysis. The Student's t-tests were used to explore
possible associations between ncRAN expression and other
factors, such as age. Kaplan-Meier curves were calculated and
survival distributions were compared using the log-rank test.
Univariate and multivariate analyses were made according to
the Cox hazard models. g-value was also calculated because
ncRAN expression was measured with 5340 genes in the
microarray (17). Statistical significance was set at p<0.03.

Results

Identification of a novel Nblal0727/12061 gene mapped to
chromosome 17q25.1 upregulated in advanced neuroblastomas
with gain of chromosome 17q. To explore the candidate genes
for therapeutic target against aggressive neuroblastomas, the
genomic and molecular characteristics specific to high-risk
tumors were surveyed. We previously conducted array-CGH
analysis with a microarray carrying 2,464 BAC clones to
examine genomic aberrations in 236 primary neuroblastomas
and found that the gain of chromosome 17q was most strongly
correlated with the patient's prognosis (5). The genetic group
of ‘silent chromosomal aberrations’ (GGS) could be defined
as the tumor group without apparent abnormalities in
chromosome 17, and the genetic group of ‘whole chromosomal
gains and/or losses’ (GGW) as that with gain of whole
chromosome 17 (5-year cumulative survival rate in 112
sporadic neuroblastomas: 68 and 80%, respectively, according
to ref. 5). On the other hand, the genetic group of ‘partial

chromosomal gains and/or losses’ (GGP) with gain of chromo-
some 17q showed poor prognosis (43%).

According to the different grade of aggressiveness among
the genetic groups, we hypothesized that the GGP tumors
may have higher levels of expression of the activated 17q
candidate gene(s) that is (are) involved in defining the grade
of malignancy of neuroblastoma than the GGS or GGW
tumors. We then used our data set of gene expression profile
in 136 neuroblastomas to subtract the genes mapped to the
commonly gained region of chromosome 17q and differentially
expressed in the GGP tumors at high levels and the GGS
or GGW tumors at low levels. Consequently, we found two
c¢DNA clones Nblal0727 and Nblal2061 (Fig. 1A) on our
in-house microarray carrying 5,340 cDNAs obtained from
oligo-capping cDNA libraries generated from different subsets
of primary neuroblastomas (10,14-16), both of which were
splicing variants of the same gene mapped to chromosome
17q25.1 (Table I and Fig. 1B, expression in GGP more than
that in GGS or GGW). Database searching showed that both
2,087-bp and 2,186-bp insert sequences (Genbank/DDBJ
accession numbers: AB447886 and AB447887) did not
exhibit significant similarity to any previously known genes.
As the size of mRNA was ~2.3 kb by Northern blot (Fig.
1C), the clones Nblal0727 and Nblal2061 appeared to be
almost full-length ¢cDNAs. Therefore, Nblal0727/12061
appeared to be the gene activated for its expression in
neuroblastomas with partial gain of chromosome 17q, but not
activated in those with diploid or triploid pattern of whole
chromosome 17.

The Nblal0727/12061 gene was expressed in multiple
human tissues with preferential expression in heart, kidney,
lung, spleen, mammary gland, prostate and liver, but with low
expression in neuronal tissues such as brain and cerebellum,
fetal brain and adrenal gland (Fig. 1D).

High expression of Nblal0727/12061 is associated with poor
prognosis of neuroblastoma. The analysis by semi-quantitative
RT-PCR in a panel of cDNAs obtained from 8 favorable (stage
1, <1-year-old, single copy of MYCN and high expression
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