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=Abstract= Gene alteration and abnormal expression of cellular oncogenes has been
implicated in the causation of various types of malignant disease. Gene amplification is
thought to be a potent device for increasing the amount of normal oncogene product and
has been reported in a variety of human tumors. We have now examined the amplification
of a c-myc related sequence called N-myc in several neuroblastoma tissues donated by
patients of clinical stages IV and in an established tumor cell lines. Though N-myc amplification occurred as a common event in these patients, the degree of amplification was found to
be quite different among them so that it ranged from several fold of amplification to more
than 100 fold of amplification. Considering their clinical stages, it seemed that the degree of
N-myc amplification has some correlation with the advanced stages of the disease.
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(Alitalo et a/. 1983; Little et a/. 1983; Collins
1982; Dalla-Favera et a/. 1982).
Recently amplification of N-myc, a celluar
Cellular oncogenes are a class of genes
whose aberrant expression or function may be gene related to the c-myc proto-oncogene, has
implicated in the causation of various types of been frequently reported in a restricted set of
malignant disease. Such aberration can occur tumors, most notably human neurobalstomas
when regulation of a single gene is faulty, when ( S c h w a b et a/. 1 9 8 3 ; Kohl et a/. 1983;
multiple copies of a gene are formed (genomic Michistch et a/. 1984). The finding that N-myc
amplification), or when mutations results in an amplication is a common event in untreated human neuroblastomas and furthermore is highly
oncogenic product.
Gene amplification is thought to be a potent correlated with advanced stages of the disease
device for increasing the amount of normal -50% occurrance in patients of stage Ill &
oncogene product. For example, amplificaton of IV-can be suggestive that N-myc may have a
the oncogene c-myc has been demonstrated in causal role in the genesis of the disease and at
several human tumor cell lines, including the col- least have some clinical prognostic significance
on tumor CoLo-320, the lung tumor NCI-417, (Seeger et a/. 1985).
To elucidate the frequency and degree of
and the promyelocytic leukemia cell line HL-60
N-myc amplification in neuroblastomas w e have
examined five primary untreated neuroblastomas
Rec?ived 24/4/89; revised 24/5/89; accel~ted :30/5/
with the established cell lines and compared the
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estimated degree of amplification with the progI
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Fig. 1. a. Restr~ctionmap of the human N-myc locus and representat~oncf the N-myc specific sequence in
N-myc probe chosen.
b. Actin gene probe (chicken) in this study.

tured in a solution of 20 x TAE (two 10 min-.
treatments). After brief equilibration with 1 x
TAE, the DNA was transfered to Zeta-probe
Tumors and cell lines
The neuroblastoma tumors were obtained as membrane (Bio-Rad) using Bio-Rad transblot
fresh tissues at surgery from untreated patients; apparatus. For quantitative analysis of N-myc
N1 is a tumor from 2-year-old male patient; N2 amplification the equivalent amount (10 p g ) of
is a tumor from 3-year-old male patient; N3 IS a DNA cleaved with the restriction endonuclease
tumor from 1 -year-old male patient; N4 is a Eco Ri was serially diluted and blotted to nittumor from 4-year old male patient; N5 IS a rocellulose filier using the manifold apparatustumor from 2-year-old female patient. Neurob- (Type II) of Schleicher and Schuell. W e used
lastma cell line IMR 32 was used as posltive cloned EcoRI-BamHI fragment near exon I I recontrol for N-myc amplification. Lymphoblasto- gion as authentic N-myc probe (Fig. l a ) . We
ma cell line was used as negative control of also used Actin gene probe, regarding its hybriN-myc amplication.
dization signal as reference in our estimation of
N-myc amplifcation (Fig. Ib). The N-myc probe
Assays for amplified restriction fragments
)
labeled w i t h 100 ,U Ci of [ cr
DNA was purified from tumors or cell llnes (0.5 , ~ g was
, 0 0 0 NEN) using nick translausing proteinase K digestion followed by phe- - ~ ~ ~ ] d C T ~ ( 3 CiIM,
tion
kit
(Bethesda
Research Lab.). The Actin
nol-chloroform extraction and ethanol precip~tation. DNA (20 p g , quantitated by using Hoechst probe (0.2 p g ) was labeled with 100 ;I Ci of [ cr
~ ]
CiIM, NEN) using random primdye) was separately cleaved with the restriction - P ~ dCTP(3,OOO
endonuclease Hind Ill and EcoRl (5 unitslp g of er extension kit(Boehringer Mannheim BiocheDNA; New England Biolab.) following the condi- mical). For molecular hybridization w e employed
tlons recommended by the supplier. The cleaved conditions of high stringency (50% formamide,
DNA was separated by electrophoresis through 0.75 M NaCI, 0.075M Na-citrate, 42°C) under
0.9% agarose gel. The DNA was then depur~n- which there is no cross-hybridization between
ated in the gel by brief washing in 5 x TAE ( 1 c-myc and N-myc. The filter of dot blots first
x TAE = 20 m M Tris-HCI, pH 7.510.5 mM hybridized with Actin gene probe was washed
EDTNIO m M Acetate) and the DNA was dena- and reused in second hybridization with N-myc
tured by alkaline treatment (0.2 M NaOHl0.5 M probe. A hybridization signal was not considered
NaCI; 30 min). Subsequently the DNA was rena- amplified unless it had at least three times the
MATERIALS AND METHODS

Neuroblastoma DNA
EcoR l

Fig. 2. Identification of arnplifed N-myc DNA digested
by EcoRl in human neuroblastomas (NI-N5)
and control DNAs(L1 N6). The DNA on Zeta-probe membrane was hybridized wlth N-myc
probe (1.6 x 10 ~ p r n / / ~ g
and
) exposed for
23hrs at -70'C with an Intensifying screen.

intensity of an equal amount of control DNA.
Quantitative determinations based on visual inspectlon of autoradiograms were confirmed by
densltometric analysis.
RESULTS
As our expectation from the restriction map of
N-myc gene (Fig. I a) the authentic N-myc signal
appeared in 2 kb EcoRl fragments and 16kb
Hind Ill framgents (Fig. 2 & Fig. 3.) The DNAs of
lymphoblastoma cell line, neuroblastoma patient
N2 and N4 did not show any signal of N-myc in
moderate-long term (72 hr) exposed autoradiograms (data not shown). By contrast the DNAs
of neuroblastoma patient N1, N3, N 5 and
neuroblastoma cell line showed very strong signal of N-myc in autoradrograms. The relatively
faint signals obtained in neurobalstoma patient
N1 for 6.5 kb EcoRl fragments and 4 kb Hind Ill
fragments and in neuroblastoma patient N3 for 4
kb Hind Ill fragments might be thought as signals of translocated N - m y c fragments which
occasionally follow gene amplification, though
those sequences are to be cloned and further

Neuroblastoma DNA
Hind Ill

Fig. 3. ldent~f~cat~on
of a m p l ~ f ~ eN-myc
d
DNA dlgested
by H ~ n dIll In human neuroblastomas (N1-N5)
and control DNAs (L1, N6) The DNA on
Zeta-probe memberane was hybrldlzed w ~ t h
N-myc probe (1 6 x 10 ~ p m i , ~ gand
) exposed
for 23 hrs at - 7 0 C w ~ t han ~ n t e n s l f y ~ n g
screen

mapped. In these t w o southern blots only 3
cases of 5 neuroblastoma patrents w h o were
grouped into the same diagnostic evaluations, all
clinical stage IV, showed strong evldence of
N-myc amplrfication.
To confirm the amplification of N-myc more
quantitatively w e further examined the extent of
amplification through dot blot analysis. (Fig. 4)
W e used the same amount of lymphobastoma
cell line DNA and Actin gene probe as standards
for single copy intensity and criterla for quantity
correction, respectively. (on the assumption that
there is no N - m y c amplification reported in lymphoblastoma cell line DNA and that all kinds of
cells have the same copy number of actin gene
as house keeping gene). Comparing the hybridization signal with that of lymphoblastoma cell
line DNA, the sample DNAs showed insignificant
differences in hybridzation signal of Actin gene.
This could be a decisive evidence that the intensity variation of N-myc signal produced were
not due to the incorrect quantitation of individual
DNA but due to the real difference in N-myc
copy number among them. The 3 cases out of
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Fig. 4. Dot blot analysls for the est~matlonof the extent of N-myc ampliflcatlon
Table 1. Patient age and clln~calstages of 5 untreated patlents wlth neuroblastoma and
determination of N-myc copy number in their tumor DNA by DNA hybridlzatton

clinlcal stage

Sample
-

- -.

--

-- -

P.B.S.
M.J.Y
H.S.W
J.J.W
0.S.W
Neuroblastoma cell l ~ n e
Lymphoblastorna cell ltne

N-myc copy No.
per genome

5, neuroblastoma patient N1, N3, N5 and positive control DNA consistently showed amplified
N-myc signal and the single-myc copy intensity
were found in more than 30-fold dilutions. In the
case of the remaining t w o patients N2 and N4
N-myc signals obtained were slightly (2-3 fold)
stronger than that of lymphoblastoma DNA. The
estimates of N-myc copy number in these sample DNAs obtained through densitometric analysis (Table 1).

DISCUSSION
Oncogene amplification has been identified in
a variety of other tumors, in addition to neuroblastomas (Schwab et a/. 1982; Kohl et a/. 1983;
Michistch et a/. 1984; Bordeur et al. 1984);
N-myc amplification in retinoblastomas (Lee et
a/. 1984); c-myc in acute promyelocytic leukemia (Collins et a/. 1982; Dalla-Favera et a/.
1982; Nowell et a/. 1983), as well as carinomas
of the colon (Alitalo et a/. 1983), breast (Kozbor
and Croce 1984), lung (Little et a/. 1985), and
stomach (Shibuya et a/. 1985); c-myc in acute
myeloblastic leukemia (Pellici et a/. 1984) and
adenocarcinoma of the colon (Alitalo et al.
1984); c-abl in chronic myelocytic leukemia (Collins and Groudine 1983; Selden et a/. 1983).
Our current investigation of N-myc oncogene
in 5 untreated primary neuroblastomas demonstrates a significant association between genomic
amplification and rapid t u m o r progression.
Although the clinical stages of the neubalstoma
tumors were the same, all stage IV, their extents of N-myc gene amplification were very
different among them and the prognoses varied
accordingly. In 3 patients whose N-myc genes
were amplified more than 30 fold, the neuroblastoma had very poor prognosis, eg., in the patient
whose N-myc gene was amplified more than
100 fold the disease relapsed and metastasized
within 6 months after surgery.
From the f o l l o w - u p study t h e extent of
N-myc amplification appears to be a good parameter in determining prognosis, even better
than the existing parameter such as patient's
age at diagnosis, regarding the fact that the patients N1, N3 and N5 whose prognosis of disease appeared more worse were rather younger
than the patients N2 and N4 with better prognosis. thus, in these five neuroblastomas the
correlation of N-myc amplification with advance

of the disease appeared very significant and it is
likely that the N-myc sequence has an important
role in human neuroblastomas.
Four other clinically important prognostic factors have been identified recently that can be
asessed at diagnosis:
i) Histopathological characteristics of the primary unterated tumor (Shimada et al. 1984).
ii) the amount of tumor-cell DNA as measured
by flow cytometry (Look et a/. 1984)
iii) the quantity of neuron-specific enolase in
serum (Zeltzer et a/. 1983 a n 1985)
iv) measurement of serum ferritin (Hann et al.
1985).
The biological relationships between the
N-myc oncogene and these variables, as well as
prognostic value, remains to be determined.
Other proto-opncogenes have also been implicated in the pathogenesis of neuroblastoma.
N-ras, a proto-oncogene related to v-ras, was
first ident~f~ed
in the tumor cell line SK-N-SH by
DNA transfection (Shimizu et a/. 1983; Hall et
a/. 1983). Remarkably, to our knowledge, no
other neurobalstoma cell line has been found to
have such transforming activity. However, the
identification of N-ras gene in neuroblastoma
would be of great interest because it might be
possible that N-myc and N-ras could serve complementary functions leading to oncogenic cellular tranformation (Land et a/. 1983).
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