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Background. Neuroblastoma (NBL) has a
distinct nature in different prognostic sub-
groups. Procedure. To understand the molecu-
lar mechanism of NBL'’s genesis and biology as
well as that of the neural crest development, we
constructed full-length-enriched cDNA librar-
ies by an oligo-capping method from two dif-
ferent subsets of primary NBL, one with favor-
able biology and the other with MYCN
amplification. Results. Sequencing analysis of

these libraries revealed that the expression pro-
file was markedly different between both sub-
sets. To identify the genes differentially ex-
pressed between the subsets, semi-quantitative
RT-PCR analyses are proceeding. Conclusion.
So far, 54 transcripts have been found to be
expressed at high levels in favorable NBLs, and
significantly at low levels in unfavorable NBLs.
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INTRODUCTION mors and normal tissues is progressing [7,8]. To intro-

duce this system into the NBL study, large-scale collec-
Neuroblastoma (NBL) is one of the most commofion of the NBL-specific genes from various subsets is

pediatric tumors originates from the sympathoadrenakcessary. Here, we describe the construction of the

lineage derived from the neural crest [1]. It has a distingDNA libraries from the different subsets of NBL, and

biological nature in different prognostic subgroups. Théifferential screening of the genes from the libraries.

tumors found in infants very frequently regress sponta-

neously by differentiation and/or undergoing pro-

grammed cell death, while the tumors in children over MATERIALS AND METHODS

year of age are very aggressive and eventually kill tfatients

patients [2]. Recent studies have revealed that growth

differentiation, and programmed cell death of the devel-

oping neural crest-derived cells are strongly regulated

neurotrop_hins a_n(_j their receptors [3,4]. For examplﬁjte, from various hospitals in Japan. Twenty-nine NBL

TrkA, a high-affinity receptor for nerve growth factor,c Il lines and 32 primary NBL samples were used in this

has been shown to be expressed in neuroblastomas with

favorable prognoses, and it may regulate the differentia-

tion and/or regression of the tl.JmOI‘ [5] On the Othm&ochemistry, Chiba Cancer Center Research Institute,

hand, TrkB, a receptor for brain-derived neurotrophig, ;- Japan

factor and neurotrophin 4, is frequently expressed in t ’

mors withMYCNamplification, which may promote cell

survival and increase the invasive aCtIVI.ty [6]. *Hisamitsu Pharmaceutical Company, Inc, Ibaraki, Japan
To understand the molecular mechanism of NBL gen- o

esis and its biology, it is necessary to identify noV‘ﬁrant sponsor: Ministry of Health and Welfare for a New Compre-

ensive 10-year Strategy for Cancer Control, Japan; Grant Sponsor:

neuroblastoma related genes that affect growth, dlﬁer,el\ﬁ'ihistry of Education, Science, and Culture of Japan; Grant Sponsor:

tiation, and programmed cell death of the developingshara Memorial Foundation

n_eural Cr,e_St'denved Ce”S'_RecentIy’ Iarge—scqle eXpreébrrespondence to: A. Nakagawara, Division of Biochemistry, Chiba
sion profiling has t_)een widely performgd using DNAcancer Center Research Institute, 666-2 Nitona, Chiba 260-8717, Ja-
chips, and comparison of gene expression between pen. E-mail: akiranak@chiba-cc.pref.chiba.jp

© 2000 Wiley-Liss, Inc.

'Fresh, frozen tumorous tissue, as well as correspond-
peripheral blood samples, were sent to the Division
Biochemistry, Chiba Cancer Center Research Insti-

yD-epartment of Cancer Virology, Institute of Medical Science, Uni-
versity of Tokyo, Tokyo, Japan
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study. The tumors were staged according to the InterngBLE I. Ranking of Genes That Differentially Appeared
tional Neuroblastoma Staging System [9] Between Favorable and Unfavorable Neuroblastomas

No. of appearances

cDNA Library Construction

. . . . F UF®
Oligo-capping cDNA libraries [10] were constructeo.p'ene name
from the mixture of stage 1 and 2 NBLs with single-cop F’Ay‘éb'q“'t,'” ” ted broein2 8 . 0 .
MYCN gene (favorable subset), and from the NBLs i OPY Icnase reiaied profein- 5 0
stage 3 and 4 wittMYCN amplification (unfavorable prap1 (cyclin D1) 4 0
subset). DDX1 1 69
. L Alpha enolase like 1 0 12
Semi-quantitative RT-PCR Al568796 0 10
mRNA Expression of the independent genes was ek%c;g;eogfhydmgenase'/'\ 0 0 5 8
amined in 16 primary NI_3LS W|t_h favorable Oor unfavor— complex polypeptide 1, eta 0 5
able prognosis by semi-quantitative RT-PCR. cDNAsBK1 0 4
synthesized from 16 favorable tumors and from 16 uf4AA0002 0 4
favorable tumors wittMYCN amplification were used. KIAA0026 21608 20 5‘6

Those cDNAs were at first amplified with Cy5-labeled
GAPDH primers in 25 cycles, and the amounts of th&, Favorable NBL library; UF, Unfavorable cDNA library.
PCR products were measured by ALF Express™ se-

guencer and normalized. The band intensities were m
sured by Intelligent Quantifier (Bio Image).

Bbx1 gene, which appeared only once in the favorable
library (Table I). Because thBDX1 gene was closely
linked to and coamplified with th&1YCNgene [11,12],
RESULTS this expression pattern was reasonable.

Two cDNA libraries, one derived from the mixture of To identify genes expressed differentially between the

favorable NBLs in stage 1 with single-cop§YCN and subse_ts,_all independent cIo_nes were subjected to semi-
the other from unfavorable NBLs in stages 3 and 4 withuantitative RT-PCR analysis. Sixteen favorable NBLs
MYCN amplification, were constructed. For the libranNd 16 unfavorable NBLs used as PCR templates after
construction, the oligo-capping method, which enabl@9rmalization byGAPDH and B-actin expression. We
full-length cDNA cloning with high-efficiency, was ap- focused at first on the cIone§ with no_vel sequences angl/or
plied [10]. The average insert size was about 2.5 kb. W&OWN genes with interesting functions. So far, 847 in-
are planning to isolate more than 4,000 of clones froAfPendent genes from the favorable library have been
each library. We performed end sequencing, and s@rveyed and as a result, we found 54 genes were ex-
veyed homology against the public databases. At preseiii€ssed at high levels in favorable NBLs and at low
we have finished end sequencing of 2,410 clones frdgvels in unfavorable NBLs. In addition, nine genes were
the favorable NBL library, and 2,244 clones from théound to be expressed at high levels in unfavorable
unfavorable NBL library. About 39% of the former and\BLs. These genes have been evaluated for clinical sig-
44% of the latter of clones were identical to knowrificance using primary neuroblastomas by quantitative
genes, while 53% and 50% had a possibility to be novégal-time PCR [13] and Northern analysis. Figure 1
genes, including those hit to only human ESTs, genorBows an example of semi-quantitative RT-PCR. Among
sequences, and nothing. Table | shows the list of fréhese differentially expressed genE€G2 (nbla-3139)
quently appearing known genes in the favorable and ud XCE-1 (nbla-3145)Qgenes were included. FOG2, a
favorable NBL libraries. In addition to the housekeepingecently cloned member of friend of GATA, acts as an
genes such as the elongation factor, initiation factor, aimdportant cofactor for GATA-mediated transcriptional
ribosomal proteins, neuron-specific or brain-specifiactivation in cardiac and neural cell lineages [14]. By
genes such a%4-3-3 epsilon, P311, calmodulin, nervereal-time RT-PCR, this gene was significantly highly ex-
terminal protein,and so on, frequently appeared. Aftepressed in the favorable neuroblastoma (H.I in prepara-
excluding the housekeeping genes, the most frequentilyn). The other gene wasbla 3145,which encoded a
expressed gene in the favorable library vids3-3 epsi- novel member of endothelin-converting enzyme-like me-
lon. The expression profile was markedly different betalloproteinaseXCE-1[15]. By Northern analysis using
tween both subsets. Compared to the favorable libraB6 NBL samples, expression of this gene was associated
the unfavorable library seemed to contain more variety wiith favorable prognosis and high levelsTakA expres-
genes, and genes related to protein synthesis like elaisn (T.K., submitted). Moreover, molecular functions of
gation factor and initiation factor were much more fremost of these genes in neuroblastohiagluding FOG2
guent (data not shown). Notable was the frequency of taad XCE-1,were unclear.
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Fig. 1. Semi-quantitative RT-
PCR. To identify genes differen-

tially expressed between the m
subsets, all independent nbla

clones from the favorable NBL li- _
brary were subjected to semi-_
quantitative RT-PCR analysis.

Lane 1to 8: favorable NBLsJane m
9 to 16 unfavorable NBLs. These

template DNAs were normalized m
in advance withGAPDH primers. m
e =« GOSN

DISCUSSION 2.

Our libraries provide many novel genes expressed in
neuroblastoma with high efficiency of obtainment of thez,
full-length cDNA clones. Nearly 7% of the genes from
the favorable NBL library were differentially expresseda.
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