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ABSTRACT

We have investigated the frequency of p53 gene mutations in Ewing's

sarcoma (ES) and neuroblastoma (NB) by using polymerase chain reac
tion-single strand conformation polymorphism analysis for genomic DNA

or complementary DNA generated from total RNA. Mutations of the p53
gene were found in six of seven ES cell lines: a missense mutation of TGC
(Cys)-Â»TAC (Try) at codon 141 in one, a missense mutation of CGT
(Arg)-Â»TGT (Cys) at codon 273 in one, a missense mutation of TGC
(Cys)-Â»TTC (Phe) at codon 176 in three, and one base deletion of
CGC-Â»CG at codon 283 in one. Further analysis of 14 ES and related

primary tumors showed mutations of the p53 gene in only two: one base
insertion of CCGâ€”Â»CCCGat codon 152 in one and a missense mutation of
GGC (Gly)-Â»GTC (Val) at codon 154 in the other. Both of the two tumors

were obtained from patients with an advanced stage disease. Three of the
eight ESs with mutations of the p53 gene showed the same missense
mutation at codon 176, suggesting the mutational hot spot of the/753 gene
in ESs. In contrast to ES, none of 6 NB cell lines or 48 NB tumors including
advanced-stage ones with or without N-myt? amplification showed any

aberration of the p53 gene. Our findings suggest that mutations of the p53
gene in ES might represent late genetic events related to tumor progres
sion, and that aberrations of the p53 gene might not be involved in the
development or the progression of NB.

INTRODUCTION

ES3 is a small cell malignant tumor characterized by distinct his

tology from the previously recognized types of primary bone tumors
in childhood (1). Histologically the tumor is highly anaplastic and is
composed of solidly packed, uniform, small round cells. Among vari
ous small round cell tumors, ES is considered the most primitive one
due to the absence of unequivocal morphological characteristics as
well as differentiation capability. Although several hypotheses have
been proposed on the original tissue of the tumor, its histopathogen-

esis has been unknown. Recent reports suggested that ES exhibited
evident characteristics of neural differentiation and was closely related
to PNET (2-4). ES and PNET not only resemble each other histo-

logically but also share common characteristics: the same chromo
somal translocation t(ll;22)(q24;ql2), similar neurotransmitter bio-

synthetic enzyme activities, similar patterns of reaction to several
monoclonal antibodies, and similar protooncogene expression (4-7).

Differential diagnosis between ES and PNET is often difficult. Al
though recently the fusion transcripts generated by t(ll;22)(q24;ql2)
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were identified (8), the role of other oncogenes or tumor suppressor
genes remains obscure.

NB, which arises from cells that migrated from the neural crest, is
the most common malignant solid tumor in childhood. Undifferenti-

ated primitive variants of NB are difficult to distinguish from other
small round cell tumors like ES or PNET. Cytogenetically NBs are
divided into two groups: a high-risk subtype characterized by partial

monosomy for chromosome Ip (9), double minute bodies, and homo
geneously staining regions, and a low-risk subtype characterized by
hyperdiploidy or near triploidy (10, 11). N-myc gene amplification

seen in advanced NBs has been suggested to play an important role in
tumor progression (10,12). Recent reports have suggested the location
of putative NB suppressor genes on chromosomes Ip and 14q, where
loss of heterozygosity was frequently observed (13-15). Thus, several
alterations of tumor-related genes may be involved in the development
and progression of NB, and a more detailed search for tumor-related

genes involved in the pathogenesis of NB is needed.
It has recently been shown that the p53 gene is a tumor suppressor

gene located on chromosome 17pl3, and that its mutations play an
important role in the development of a wide variety of human adult
cancers (16). However, few reports have addressed the aberrations of
Ihe p53 gene in childhood solid tumors (17), and especially in ES and
NB, which are embryonal tumors with possible genetic predisposition.
We analyzed p53 gene mutations in ESs, its closely related tumors,
and NBs. We found the frequent mutations in ES cell lines, but not in
fresh ESs or in NBs. In ESs the cluster of p53 gene mutations in exons
5 and 8 was suggested.

MATERIALS AND METHODS

Cell Lines and Tumor Samples. Six NB cell lines (SCMC-N-2, SCMC-
N-3, SCMC-N-4, SCCH-26, D-NB-1, and IMR-32) and seven ES cell lines
(SCMC-ES-1, SCMC-ES-2, SK-ES-1, RD-ES, W-ES, ES-l-OT, and SCCH-
196) were examined (11, 18-23). They were cultured in RPMI 1640 medium
supplemented with 10% fetal bovine serum. IMR-32, SK-ES-1, and RD-ES

were obtained through American Type Culture Collection (20). Surgical speci
mens were provided by Saitama Children's Medical Center, Saitama Cancer

Center Hospital, Hamamatsu University School of Medicine, and other insti
tutes in Japan. HistolÃ³gica! diagnosis was made at the pathology department of
the various hospitals. Fresh tumors of this study included 4 PNETs (E1~E4),

8 ESs (E5-E12), and 2 SRCSs with t(ll;22)(q24;ql2) (E-13XE-14) (Table 1).

Pathological, ultrastructural, and immunochemical studies were used to dis
tinguish between ES and PNET (18). A tumor which could not be definitely
classified was referred to SRCS. Since there are several criteria for the diag
nosis of ES, we included ESs, PNETs and other SRCSs with t(ll;22) in the
same family of tumors. All these fresh tumors were obtained from the primary
regions. Forty-eight NB tumors including 36 advanced ones were also exam

ined (Table 2). The patients with NB tumors were staged according to the
staging system of Evans et al. (24).

Cytogenetic Study. The chromosomes of cell lines and tumors were ana
lyzed by the regular trypsin-Giemsa- or 0-banding method as previously

described (10. 11, 25).
Preparation of DNA and RNA. High molecular weight DNA from 3 ES

cell lines and all fresh tumor samples was prepared by proteinase K-phenol-
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Table 1 Clinical data of 14 cases with ES or its related tumor

E-lE-2E-3E-4E-5E-6E-7E-8E-9E-10E-llE-12E-l

3E-14Age(yO716166125307152210101637SexFMMFFMMFMMMMFFDiagnosisPNETPNETPNETPNETESESESESESESESESSRCSSRCSGroup"IIIIIIrvinumIHIVrvIVilIVO/EO*EOEOEOEOEOOEOOEOEOOEOEOEOt(ll;22)+-+n.d.++++n.d.â€¢f+n.d.++

" Group, 1RS classification was used (35).
h O, osseous; EO, extraosscous; n.d.. not determined.

Table 2 Disease stage and N-myc amplification of neuroblastomas

N-myc gene amplification

Stage"IStage

IIStage
IIIStage
IVStage

IVsAmplified"(101102Not

amplified4411122Not determined00020

" Amplified, all tumors showed more than 10 copies of N-myc gene amplification.
h Stage, the staging system of Evans el al. was used (24).

chloroform extraction (25). Total cellular RNA from 4 ES and 6 NB cell lines
was obtained by acid guanidine thiocyanate-phenol-chloroform extraction

(26).
PCR/RT-PCR Method. It is well known that most p53 mutations are

clustered between codons 130 and 290. There are four mutational hot spot
regions in the p53 gene, which are highly conserved among several different
species (16). Therefore, amplified fragments A, B, C, D, SI, and S2 were
aimed to contain these conserved regions which are important for the normal
function of the wild type p53 gene product (Fig. 1).

PCR for genomic DNA was performed as previously described (27). Briefly,
DNA samples (50 ng) were subjected to 30 cycles of PCR in the mixture (5 /xl)
with appropriate unlabeled primers and [a12P]dCTP (20 /xCi/tube, 3000 Ci/

mmol, Amersham). The sequences of primers used for PCR were as follows:
5'-TTCCTCTTCCTGCAGTACTC-3' and S'-GCAAATTTCCTTCCACT-
CGG-3' for fragment A, including exon 5, 5'-ACCATGAGCGCTGCTCA-
GAT-3' and 5'-AGTTGCAAACCAGACCTCAG-3' for fragment B, including
exon 6, 5'-GTGTTGTCTCCTAGGTTGGC-3' and 5'-CAAGTGGCTCCT-

Fragments
C 1390P D 3306p

B 236tt>

four highly conserved regions

â€¢¿�1

mis100l

200404

DpI3001

393

Fig. I. Regions of the/?5.3 gene subjected to PCR-SSCPanalysis, a, four fragments (A,
B, C, and D) carrying the region of the/>53 gene corresponding to exons 5 to 9. The coding
regions of the cxons were indicated hy â€¢¿�bp. base pairs, b, two fragments (SI and S2)
amplified by second PCR by using the RT-PCR product (Fragment L) as a template. These
fragments were designed to include four highly conserved regions. Four highly conserved
regions were shown by Q. bp. base pairs.

GACCTGGA-3' for fragment C, including exon 7, and 5'-CCTATCCTGAG-
TAGTGGTAA-3' and 5'-CCAAGACTTAGTACCTGAAG-3' for fragment D,

including exons 8 and 9 (Fig. la).
RT-PCR was performed as previously described (28). Total RNA ( 1 fj.g) was

used to synthesize complementary DNA by using 3'-primer (100 ng) for

fragment L and Molony murine leukemia virus reverse transcriptase (200
units) in the presence of RNase inhibitor (80 units) in 25 ^il reaction mixture.
The reaction mixture was incubated for 60 min at 37Â°C,added with 5'-primer

(100 ng) for fragment L in a total volume of 50 (Â¿1,and subjected to 30 cycles
of PCR. For SSCP analysis, complementary DNA fragments SI and S2 were
generated in the mixture (5 >xl) with 1 fil of the diluted RT-PCR reaction
solution, appropriate unlabeled primers, and (a'2P]dCTP by 30 cycles of
second PCR. The sequences of primers were as follows: 5'-TCTGTGACTT-
GCACGTACTC-3' (nt 361-380) and 5'-CACGGATCTGAAGGGTGAAA-3'
(nt 1000-981) for fragment L, 5'-ACGTACTCCCCTGCCCTCAA-3' (nt 373-
392) and 5'-GTCTTCCAGTGTGATGATGG-3f (nt 777-758) for fragment SI,
and 5'-GCGTGTGGAGTATTTGGATG-3' (nt 603-622) and 5f-TATTCT-
CATCCAGTGGTTT-3' (nt 961-980) for fragment S2 (Fig. \b).

SSCP Analysis. The PCR mixture (5 fil) containing fragments A, B, C, D,
SI, or S2, respectively, was heated for 3 min at 8()Â°Cwith 45 /j.1of formamide

denaturing dye mixture (95% formamide:20 mM EDTA:0.05% xylene cya-
nol:0.05% bromophenol blue), and then applied ( 1 fil/lane) to 5% polyacryl-
amide gel containing 45 mM Tris-borate (pH 8.3) and 4 mm EDTA with and

without 10% glycerol. Electrophoresis was performed at 40 W for 1 to 3 h with
air cooling. The gel was dried on filter paper and exposed to X-ray film.

Direct Sequencing. Direct sequencing was performed as previously de
scribed (29) with some modifications. A small piece of the gel corresponding
to the abnormal band detected by SSCP analysis was cut out, immersed in 20
(xl of water, and heated at 80Â°Cfor 15 min. The centrifuged water extract ( 1

(Â¿I)was subjected to 30 cycles of PCR and purified with Centricon 30 (Ami-

con). The purified DNA fragments were sequenced by dideoxy chain termi
nation method by using 5'-'2P-labeled primers and Taq DNA polymerase

(dsDNA Cycle Sequencing System, GIBCO, Gaithersburg. MD) for symmetric
PCR products. The same 5'- and 3'-side primers as used in PCR-SSCP were

available. The products were applied to 5% polyacrylamide gel containing 7
mol/liter urea.

Determination of N-myc Gene Amplification. N-myc gene amplification

was examined by Southern blot analysis. Details of the technique were de
scribed previously (10, 30).

RESULTS

Cytogenetic Studies (Tables 1 and 3). The t(ll;22) was found in
all 7 ES cell lines, and -17 or del(17p) was found in 4 of them
(SCMC-ES-2, SK-ES-1, RD-ES, and ES-l-OT). All 6 ES tumors, 2 of

3 PNET tumors, and both SRCS tumors examined demonstrated
t( 11;22). All 6 NB cell lines showed del( 1p) and either double minutes
or homogeneously staining regions.

PCR-SSCP Analysis of p53 Gene (Fig. 2). Fragments SI and S2
were studied by RT-PCR-SSCP analysis for 4 ES cell lines (SCMC-
ES-1, SCMC-ES-2, SK-ES-1, and SCCH-196) and all 6 NB cell lines.

Fragments SI showing abnormal motilities were detected in 3 of 4 ES
cell lines (SCMC-ES-1, SCMC-ES-2, and SK-ES-1 in Fig. la). No

abnormal fragments S2 were detected. Fragments A, B, C, and D were
generated from all tumor samples and 3 ES cell lines (RD-ES, W-ES,
and ES-l-OT), and analyzed by PCR-SSCP method. One ES cell line
(W-ES) and two ES tumors (E-9 and E-10) showed a motility shift of
fragment A. Two ES cell lines (RD-ES and ES-l-OT) showed a

motility shift of fragment D. None of 6 NB cell lines and 48 NB
tumors exhibited any abnormal pattern of bands on SSCP.

Identification of Mutations (Fig. 3 and Table 3). Nucleotidc
sequence analysis revealed the aberrations of the p53 gene detected by
SSCP analysis in 6 ES cell lines and 2 ES tumors. SCMC-ES-1
showed a missense mutation of TGC(Cys)-Â»TAC(Try) at codon 141.
SCMC-ES-2, SK-ES-1, and W-ES showed the same missense muta
tion of TGC(CysHTTC(Phe) at codon 176. RD-ES showed a mis-
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Table 3 Clinical data and p53 mutations of 7 ES cell lines and 2 ES tumors

ChromosomalchangeCell

linesSCMC-ES-1SCMC-ES-2SK-ES-1RD-ESW-ESES-l-OTSCCH-196Tumor

samplesE-9E-10Age(yr)7818191410161522SexFMMMFMFMFDiagnosis

(0/EO")ES(0)ES(0)ES(0)ES(0)ES(EO)ES(EO)ES(EO)ES(EO)ES(EO)t(ll;22)(q24;q22)Group6III

+IV
+++IV

+IV
+III
+III

n.d.IV
+-17

or

del(17p)-â€¢fâ€¢f+-+-n.d.-Codon1411761762731762X3152154p53

mutationsNucleotide

changeTOC-TACTGC->TTCTGC-TTCCGT-TGTTGCâ€”

TTCDeletion
(CGC--CG)NDInsertion

(CCG-CCCG)GGC-GTCAmino

acid
changeCys-Â»TryCysâ€”

PheCys->PheArg-Â»CysCysâ€”

PheFrameshiftFrameshiftGly-WalRÃ©f.18182020212223

' O, osseous; EO, extraosseous; ND, not detected; n.d., not determined.
1Group, 1RS classification was used (35).

a

Fig. 2. SSCP analysis of the p53 gene, a, SSCP analysis of Frag
ment SI in ES cell lines. Lane I. SCMC-ES-1; lane 2, SCMC-ES-2;
Lane 3, SK-ES-1; Lane 4, normal control, b, SSCP analysis of Frag
ment D including exons8 and 9. Lane I, E-l;Lane2, ES-l-OT; Lanes
3-7. neuroblastoma tumors; Lane 8, normal control, c, SSCP analysis
of Fragment A including exon 5 in ES tumors. Lane 1, E-5; Lane 2,
E-10; Lane 3. E-13; Lane 4. normal control.

1 2345678
Fragment D 1 234

Fragment A

1 234
Fragment S1

sense mutation of CGT(Arg)-Â»TGT(Cys) at codon 273. ES-l-OT
showed a deletion of C (CGC->CG) at codon 283. One ES tumor
(E-9) showed an insertion of C (CCG^CCCG) at codon 152, and the
remaining one (E-10) showed a missense mutation of GGC(Gly)-
-^GTC(Val) at codon 154.

N-myc Gene Amplification (Table 2). N-myc- gene amplification

was found in all 6 NB cell lines and 13 of 46 NB tumors examined.
All these 13 tumors with N-myc amplification were in advanced stages

of disease.

DISCUSSION

Cytogenetically Turc-Carel et al. (31) have reported the frequent

monosomies of 17p in ES cell lines where the p53 gene resides. This
observation prompted us to investigate alterations of the gene in ESs.
In this study of ESs and closely related tumors [PNETs and SRCSs
with t(ll;22)(q24;ql2)], we found lhat p53 gene mutations were fre
quent in ES cell lines, but were rather rare in the primary tumors.
Furthermore, we could not detect the point mutation of the p53 gene
in the original primary tumor (E-8) from which SCMC-ES-1 cell line

with the point mutation at codon 141 was established. Our results
were compatible with the previous reports that the p53 gene was more
frequently mutated in tumor cell lines than in primary tumors (32).
One possible explanation is that the cells with the mutated p53 gene
may have dominated over the other cells lacking mutated p53 gene in
the process of cell culture. However, a clonal expansion associated
with mutated p53 was observed in clinical sequential studies of brain
tumors in which a low percentage of the cells with p53 mutation were
observed at diagnosis (33, 34). This suggested that a small number of
ES cells withp53 mutation might have been escaped from PCR-SSCP

analysis. Seven of the 8 ES samples showing abnormal motilities in
SSCP analysis demonstrated no normal bands, suggesting loss of a

normal alÃele(Fig. 2, a and b). The remaining one (E-10) showed both

intense abnormal and faint normal bands (Fig. 2c). This may have
suggested the presence of the tumor cells without the mutated p53
gene or the contaminated normal cells in E-10 tumor. Both the two ES
tumors (E-9 and E-10) with the p53 mutations were obtained from
patients with an advanced-stage disease (35) (Table 1). Possibly mu

tations of the p53 gene in ESs would have occurred on the later stage
of the tumorigenesis step and have been involved in the tumor pro
gression. Unfortunately, we could not investigate allelic loss of p53
since normal tissues from the patients with these tumors were not
available.

In 6 ES cell lines and 2 advanced ES tumors we detected 6 different
mutations of the p53 gene which included 4 missense mutations, one
1 base pair deletion, and one 1 base pair insertion. Four (codon 141,
176, 273, and 283) of the 6 mutations were located in the four
mutational hot spot regions which are highly conserved during the
course of evolution. The other two mutations were located at codons
152 and 154. Recent studies have reported that mutations at codons
151-160 were predominantly detected in lung cancers (36, 37). This

region is supposed to be an additional hot spot region, not only
because it has high GC contents which are possibly susceptible to
exogenous carcinogens but also because it is conserved during the
process of mammalian evolution (36). Accordingly, all the p53 mu
tations identified in ESs would have led to loss of important functions
of the wild type p53 gene product. The mutant p53 gene products
and/or loss of the wild type p53 gene product might have played a
significant role in the progression of ES. Interestingly, three ESs
showed the same missense mutation of TGC^>TTC at codon 176.

This G to T transversion of codon 176 causing amino acid replacement
of cysteine by phenylalanine was observed in esophageal cancers and
lung cancers (36-38), which were usually associated with exogenous
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a

5- * 5'

codon 141 codon141

SCMC-ES-1 Normal

TCGATCGA

SK-ES1

codon 283

TCGATCGA

ES-1-OT Normal

TCGATCGA

3'

codon283

3'

5' 5-
Fig. 3. Mutations of the p53 gene identified in ES samples. Direct sequencing of the PCR products amplified from the abnormally shifted hand demonstrating a. a mutation of

TGC-Â»TAC at codon 141 in SCMC-ES-1; b, a mutation of TOC Â»TTCat codon 176 in SK-ES-1; c, a deletion of C (arrow) at codon 283 in ES-1-OT; and d, a mutation of GGC >
GTC at codon 154 in E-10.

factors. Whether or not this mutation in ESs was induced through
exposure to specific carcinogens remains to be investigated in the
future.

NB is one of the most common malignant tumors in children,
occurring mainly in those under 5 years of age. It is well known that
N-myc gene amplification is strongly correlated with advanced stages

of the disease, rapid progression, and poor prognosis (10, 12). How
ever, 50 to 70% of advanced-stage NBs show rapid progression even
though they have no N-m_ycgene amplification. Some tumor-related
genes other than N-myc are possibly associated with the progression

of these NBs. Gilbert et al. (39) suggested that an i(17q) chromosome
might contribute to the tumor progression. However, our study dis
closed that aberrations of the p53 gene were not associated with the
development or the progression of NBs because no aberration in the
highly conserved regions of the p53 gene was found in any NBs with
or without N-myc gene amplification, including cell lines.

The p53 gene is the most frequently aberrated gene among the
known tumor-related genes in human adult cancers. The tumorigen-

eses of childhood tumors may be different from those of adult cancers
since children have fewer chances to be exposed to various carcino
gens than adults. Therefore the low frequency of the p53 gene muta
tions in NBs might be due in part to the fact that the tumors occur
much earlier in life than ESs and PNETs. Generally the underlying
genetic alterations of tumors are of etiological significance and may
suggest the origins of the tumors. Malignant melanoma, which is also
of neural crest origin, has been reported to show a low frequency of
p53 gene mutations (40). Our results and the data from other studies
suggest that p53 mutations may not be found in certain types of
tumors, although this gene mutation was involved in various types of
tumors.
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