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A high prevalence of p53 genemutation and protein
expression has been found in the anaplastic variant
of Wilms’ tumor (WT), known to be associated with
poor outcome. However, there are very few studies
of p53 alterations in the other two rare and highly
malignant renal tumors in childhood, in other
words, clear cell sarcoma of the kidney (CCSK) and
malignant rhabdoid tumor of the kidney (MRTK).
Overexpression of p53 protein has been detected in
eight CCSKs in one study, and in two in another, yet
no molecular correlation with p53 gene mutations
has been carried out. Our study is the first molecu-
lar analysis concerning p53 in CCSK. We investi-
gated eight cases of CCSK and one case of MRTK for
p53 protein expression by immunohistochemical
staining. All were analyzed for p53 mutations in the
region of exons 4 to 8 by polymerase chain reaction–
single-strand conformational polymorphism (PCR-
SSCP) method and DNA sequencing analysis. By
histological study, no CCSK showed anaplastic fea-
tures. None expressed p53 protein, but two har-
bored p53mutations. Onewas in exon 5, with a base
pair insertion between codons 162 to 163 causing
frameshift alteration in amino acid. Another was a
silent CTC3CTT transversion in codon 289 of exon
8. The case of MRTK did not show any alterations of
p53 protein or gene. Our result indicates that p53
alterations are infrequent in CCSK and do not seem

to be primary genetic events in the pathogenesis of
CCSK.
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Clear cell sarcoma of the kidney (CCSK) and malig-
nant rhabdoid tumor of the kidney (MRTK) are
uncommon malignant renal tumors in childhood.
CCSK comprises 4–5% of all pediatric renal tumors.
The incidence peaks around 2 to 3 years of age. It
has an aggressive biological behavior and a propen-
sity for bony metastases (1–3). But the prognosis
has been considerably improved since the addition
of doxorubicin to the chemotherapeutic regimen
(3). MRTK accounts for 2% of all renal tumors in
children. Most patients are �1 year of age. The
tumor has a dismal prognosis and a tendency for
early dissemination (4). Mutations of p53 gene have
been associated with a poor prognosis in a number
of adult malignant tumors (5). Such association has
also been found in several pediatric solid tumors,
including rhabdomyosarcoma, glioma, and Wilms’
tumor (WT; 6–9). Especially in the anaplastic vari-
ant of WT, p53 protein accumulation and gene mu-
tations have been frequently detected (8–15). How-
ever, the available data on p53 gene mutations in
CCSK and MRTK are very limited. Only three stud-
ies on p53 protein expression by immunohisto-
chemistry have been reported (3, 16, 17). Yet no
molecular investigation for p53 mutations was car-
ried out in these cases. Two recent studies by com-
parative genomic hybridization (CGH) in CCSK re-
vealed a number of genetic abnormalities in which
loss of chromosome17 was detected in one case (18,
19). Therefore, it is essential to clarify the role of
p53 mutations in the pathogenesis of CCSK. Here,
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we report the first molecular analysis of p53 in
CCSK. Exons 4 through 8 of the p53 gene were
examined in eight CCSKs and oneMRT by polymer-
ase chain reaction–single-strand conformational
polymorphism (PCR-SSCP) analysis and DNA se-
quencing. p53 protein expression was studied by
immunohistochemical staining.

MATERIALS AND METHODS

Eight cases of CCSK and one case of MRTK diag-
nosed at Chang Gung Memorial Hospital between
1979 and 1995 were retrieved from the archives of
the Department of Pathology. Clinical follow-up
data of each case were obtained from the medical
records. All cases were reviewed histologically to
confirm the diagnosis. The immunohistochemical
staining for p53 was performed on formalin-fixed,
paraffin-embedded tissue of all cases using a
peroxidase-labeled streptavidin biotin kit (DAKO).
The primary antibodies used included a polyclonal
antibody, CM1 (Novocastra, dilution 1:50), and a
monoclonal antibody, DO7 (Novocastra, dilution
1:100). Both antibodies identify wild and mutant
forms of human p53 protein. Only unequivocal dif-
fuse nuclear staining (�75% of the nuclei) was con-
sidered as positive reaction. A case of anaplastic WT
with p53 gene mutation in exon 8 confirmed by
SSCP was used as positive control. The definition
for anaplasia in WT included the presence of hy-
perchromasia, atypical mitoses, and enlarged nu-
clei more than three times larger than those of
adjacent tumor cells (3). We used the same criteria
for defining anaplastic CCSK.

DNA Isolation and Polymerase Chain Reaction
One block of each case that contained only tumor

tissue was selected. Depending on the size of the
tumor, two or three 10-�m sections were cut from
each sample. For each block, a new microtome
knife blade was used, and sections were put in
sterile tubes using tweezers that were washed in
xylene between the sectioning of each block. DNA
was extracted according to a standard method (20).
Sections were dewaxed in a series of octane or

xylene, washed twice with 100% ethanol to remove
the solvent, and dried at room temperature. There
was 200 �L of extraction buffer (consisting of 100
mM Tris and 1 mM EDTA, pH 8.0, and proteinase K
at concentration of 400 �g/mL) added to the dried
sample. Samples were incubated overnight at 55° C
and boiled the following day for 7 minutes, then
centrifuged at 13,000 rpm for 5 minutes, after which
DNA was found in the supernatant. Genomic DNA
(10–100 ng) was added to 50 �L of solution con-
taining 10 mM of Tris–HCl, pH 8.3; 50 mM of potas-
sium chloride; 1.5 mM of magnesium chloride; 0.5
�M each of upstream and downstream primers; 0.2
mM dNTP; and 1 U of Taq DNA polymerase. After
heating at 95° C for 5 minutes, the mixture was
subjected to 35 cycles of denaturation for 1 minute
at 94° C; annealing for 1 minute at 56° C (exon 8),
58° C (exon 5), or 62° C (exon 4, 6, and 7); and
extension for 2 minutes at 72° C. After the last cycle,
the reaction was maintained at 72° C for 10 minutes
and storage of the PCR products at 4° C. Sequences
of p53 primers used for PCR were shown as in Table
1. Exons 4 and 7 were selected as described by
Dahiya et al. (21), and exons 5, 6, 8 were selected as
described by Takeuchi et al. (12).

Single-Strand Conformation Polymorphism
Analysis and DNA Sequencing
Amplification polymerase chain reaction (PCR)

products were diluted 1:10 in single-strand confor-
mation polymorphism analysis (SSCP) buffer (95%
formamide, 20 mM ethylenediamine tetraacetic
acid (EDTA), 0.05% bromphenol blue, 0.05% xylene
cyanol, 0.1% sodium dodecyl sulfate (SDS), and 20
mM sodium hydroxide), denatured for 5 minutes at
98° C, and immediately chilled on ice for another 5
minutes. The samples were loaded onto 10% non-
denaturing polyacrylamide gels, and electrophore-
sis was performed in TBE (90 mM Tris, 90 mM boric
acid, 2.5 mM EDTA) buffer for 2–3 hours in the cold
room. Staining of the single- and double-stranded
DNA was performed by 1:10,000 diluted SYBR Gold
nucleic acid gel stain (Molecular Probes, Eugene,
OR). Any extra band present in the sample was
considered as positive for mutation. After the SSCP

TABLE 1. Sequences of p53 Primers Used for PCR

Exon 5�-3� Sequence Size of PCR Product (bp)

4 Sense TGC ACC AGC AGC TCC TAC AC 181
4 Antisense CAT GGA AGC CAG CCC CTC AG
5 Sense TCT GTT CAC TTG TGC CCT GAC TTT 282
5 Antisense ACC CTG GGC AAC CAG CCC TGT CGT C
6 Sense CAG GGC TGG TTG CCC AGG GTC CCC A 221
6 Antisense ACT GAC AAC CAC CCT TAA CCC CTC C
7 Sense CGT CTA GAG GCC TGT GTT GTC TCC 165
7 Antisense CGG TCG ACG GTG GCA AGT GGC TCC
8 Sense TAG GAC CTG ATT TCC TTA CTG CCT C 236
8 Antisense AAC TGC ACC CTT GGT CTC CTC CAC C
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analysis, we fractioned the PCR product by cutting
the extra bands in the SSCP-positive samples in the
gel, extracted the DNA from the gel, and reampli-
fied them by PCR. Confirmation and characteriza-
tion of the p53 mutations were obtained through
nonradioactive sequencing. After purification of the
PCR products (Gel Extraction Kit; QIAquick, Valen-
cia, CA), direct sequencing was performed by cyclic
PCR using BigDye terminator seq kit (Perkin-Elmer,
Foster City, CA) and the Perkin-Elmer ABI377 auto-
matic sequencing system.

RESULTS

The clinical findings of 8 cases of CCSK and 1
case of MRTK were summarized in Table 2. There
were two patients (Cases 1 and 2) who had been
diagnosed and treated as WT during early 1980s.
The diagnosis was revised as CCSK after review in
current study. One patient without any available
follow-up data (Case 4) was a consultation case
from an outside hospital. Histologically, all CCSKs
contained no anaplastic areas. None of the tumor
cells in the cases of CCSKs and MRTK showed any
immunoreactivity to p53. Nine tumor samples from
eight CCSKs (Cases 1 to 8) and one MRTK (Case 9)
were examined for p53 mutations by a nonradioac-
tive PCR-SSCP–sequencing analysis. Three samples
were found to have p53 alterations by the SSCP
method. One was located in exon 8 (Cases 7), one
was in exon 5 (Case 6), and the other was in an
intron upstream of exon7 (Case 4; Fig. 1). They were
confirmed by direct DNA sequencing (Fig. 2), with
the result shown in Table 3. Case 6 had a base pair
insertion between codons 162 to 163 of exon 5, with
a frameshift alteration in amino acid. Case 7
showed a C3T transversion in codon 289 of exon 8
without substitution of amino acid, and Case 4
demonstrated an A3G transition in the intron, up-
stream at the 9th base from codon 225 of exon 7.
PCR–SSCP and DNA sequencing were also per-
formed on the genomic DNA samples extracted
from the normal kidney tissue in paraffin blocks of

these patients. The base changes in Cases 6 and 7
were considered to be mutations, and in Case 4,
these were considered natural polymorphisms of
p53.

DISCUSSION

The information regarding p53 in childhood re-
nal tumors of unfavorable histology, such as CCSK
and MRTK, is remarkably scant. Only three studies
on the expression of p53 protein in CCSK have been
reported. The first report included a group of eight
CCSKs, and all showed immunoreactivity to p53
protein, but no molecular evidence was provided
(16). The second one was a case report of CCSK
with intracranial metastasis, and p53 protein was
not expressed in either the primary tumor or the
metastatic lesion (17). The third report was from
the National Wilms’ Tumor Study Group containing
351 cases of CCSK, in which the existence of an
anaplastic subset was well defined by Argani et al.
(3) using the same criteria for anaplastic WT. Before
that, the anaplastic pattern in CCSK was usually
thought to be the effect of treatment (2). In their
study, anaplasia in CCSK, as with WT, was consid-
ered to arise de novo. It is less common in CCSK

TABLE 2. Clinical Findings of Cases of CCSK and MRT

Case Age (yr)/Sex Diagnosis Kidney
Clinical
Stage

Therapy Outcome

1 1/F CCSK Right I S, CT No recurrence for 7 years
2 8/M CCSK Right III S, CT, RT Died 21⁄2 years later with liver and lung

metastases
3 18/F CCSK Left II S, CT No follow-up data available
4 7/F CCSK Right III S, CT, RT No recurrence for 10 years
5 2/M CCSK Right III S, CT, RT No recurrence for 9 years
6 2 mo/M CCSK Left I S, CT No recurrence for 7 years
7 4/M CCSK Left II S, CT Died 31⁄2 years later with bone and

lung metastases
8 12/M CCSK Right II S, CT No recurrence for 31⁄2 years
9 Newborn/M MRTK Right IV S, CT Died 6 months later with skin and lung

metastases

S, surgery; CT, chemotherapy; RT, radiotherapy.

FIGURE 1. Polymerase chain reaction–single-strand conformational
polymorphism analysis of p53 gene in clear cell sarcoma of the kidney
tumor samples. Cases 4, 6, and 7 showed an extra band in PCR
products from exons 7, 5, and 8, respectively. Lane 1, tumor sample.
Lane 2, normal tissue. Lane M, 100-bp DNA ladder. ds � double-strand
DNA. Arrow indicates the shift in single-strand DNA.
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than in WT, with an incidence of 3%. But its prog-
nostic significance was unknown because the num-
ber of cases was too low. Nine out of 351 CCSKs
showed anaplasia. There were 32 cases, including
29 non-anaplastic and 3 anaplastic CCSKs, stained
for p53 protein. Intense and diffuse staining (�75%
of the nuclei) was noted in 2 anaplastic CCSKs, but
the non-anaplastic foci in these 2 tumors showed
only minimal p53 staining (�5% of the nuclei), as
did most of the non-anaplastic CCSKs. It is of par-
ticular interest that p53 staining was observed ex-
clusively in the anaplastic areas. The finding was
similar to anaplastic WT, which has a high fre-
quency of p53 protein expression as a result of gene
mutations. However, whether the presence of
anaplasia in CCSK is related to p53 mutations and a
poor prognosis remains uncertain.

None of our cases contained anaplastic areas, nor
did they express p53 protein. Two cases presented
with p53 mutation by PCR–SSCP analysis. DNA se-
quencing revealed insertion of a base pair between
codons 162 to 163 of exon 5 with a frameshift alter-
ation of amino acid in one (Case 6), and a silent
CTC3CTT transversion in codon 289 of exon 8 in
another (Case 7). Case 6 was a Stage I patient who
was alive and well 7 years after surgery, and Case 7
was a Stage II patient who died of the disease 3.5
years postoperation. It indicates that the occur-
rence of p53 mutations in CCSK is infrequent and
may not be associated with a poor clinical outcome.
The other case that showed an A3G transition in
an intron upstream of exon 7 was considered as
polymorphism. Our result is consistent with the
previously reported absence of immunoreactivity to
p53 in non-anaplastic CCSKs and further confirms
the lack of p53 gene mutations in most of them at
molecular level. As for the positive p53 staining in

all 8 cases of CCSKs that was originally reported
(16), it was most likely caused by the stabilization of
wild-type p53 protein. Even if there had been any
anaplastic subtype, the frequency of positive p53
staining should not be as high.

We have found p53 mutation in exon 5 in two
non-anaplastic CCSKs. Although our study showed
that p53 alterations are rare in CCSK, the possibility
of their occurrence outside the conserved region
cannot be completely excluded. The reported inci-
dence of p53 mutations in anaplastic WT ranged
from 25% to 73% (11–14). Whether it is the case in
anaplastic CCSK remains to be investigated be-
cause no such case was present in our material.

A number of chromosomal alterations have been
found in CCSK by comparative genomic hybridiza-
tion (CGF) analysis (18, 19). The most common
abnormality was the loss of 19 p. Others have been
gain of 1q, loss of 16q, loss of 10q, and loss of 17.
The presence or absence of anaplasia in such cases
has not been mentioned. Apart from the above
example with loss of chromosome 17, which is the
site where p53 is located, a reciprocal translocation
between chromosomes 10 and 17 has been docu-
mented in another instance (22). These observa-
tions may imply a possible link of CCSK to p53.
Variable chromosomal alterations have been asso-
ciated with CCSK, indicating that the genetics of
CCSK may be complex and that many genes may be
involved in the development and progression of
this tumor. Hence, we may suggest that p53 muta-
tions do not seem to play a primary role in the
tumorigenesis of CCSK. Nevertheless, further stud-
ies are warranted to draw a more definite
conclusion.

Several malignant rhabdoid tumors of both renal
and extrarenal origins have shown immunoreactiv-

FIGURE 2. DNA sequencing analysis of p53 gene in tumor samples of clear cell sarcoma of the kidney. DNA sequencing revealed the following: an
A3G transition, upstream 9th base from codon 225, in intron (Case 4), a T insertion between codons 162 and 163 (Case 6), and a C3T transversion
in codon 289 (Case 7). Cases 4 and 6 showed the sense strand of the p53 gene. Case 7 showed the antisense strand of the p53 gene.

TABLE 3. Molecular Results for p53 Mutations in CCSK Tumor Samples

Sample Exon Nucleotide Codon Alteration Base Pair Alteraction Amino Acid Alteration

Case 4 in intron ts A3G Upstream 9th base from codon 225
Case 6 5 511/512 162/163 is �(1)T Frame shift
Case 7 8 865 289 tv CTC3CTT Silent

is, insertion; tv, transversion; ts, transition.
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ity to p53 protein, which was confined to a small
portion of the tumor (23–26). However, sequence
analysis or Southern blotting of p53 gene did not
reveal any mutation or amplification (25, 26). Our
finding is in agreement with previous reports, but,
in view of the paucity of cases studied thus far, it
remains purely speculative to say that the p53 gene
does not play a major role in the pathogenesis of
MRTK.
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