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The role of p53 in the pathogenesis and progres-
sion of Wilms’ tumors is only partly understood.
Altbough p53 mutations were initially reported
only in anaplastic Wilms’ tumors, we bad re-
ported that, of two of twenty-one cases that bad
a p53 mutation, one tumor showed no evidence
of anaplasia. To determine the significance of
D53 expression in all clinical stages of Wilms’
tumor, twenty-eight cases were analyzed for p53
immunoreactivity. Paraffin sections were immu-
nolabeled with two different monoclonal antibod-
ies, recognizing both mutant and wild-type p53.
Fifteen of sixteen tumors in the recurrent/meta-
static group and tbree of twelve tumors in the
nonmetastatic/nonrecurrent group showed p53
immunopositivity. Only one of three positive tu-
mors in the latter group showed moderate to
strong positivity, whereas twelve of sixteen met-
astatic/recurrent tumors revealed a similar de-
8ree of p53 positivity. The positivity was stron-
ger in the metastasis/recurrences as compared
with the corresponding primary tumor. Western
blot analysis revealed p53 expression in all of the
Wilms’ tumors tested, suggesting its involvement
in the development of Wilms’ tumors. Single-
strand conformation polymorpbism analysis
performed on twenty-three of these tumors re-
vealed p53 mutations in four of fourteen recur-
rent/metastatic tumors and none in the nonmeta-
static/nonrecurrent group. Our resulls sbow
that, whereas 60% of cases were immunopositive
Jor p53 protein, mutations were detected in only
16% of tumors, indicating that wild-type p53 pro-
tein is retained in the otber tumors. We conclude
that p53 immunopositivity strongly correlates
with recurrence/metastasis in Wilms’ tumors.
Furtbermore, the accumulation of p53 in these

tumors is not only due to mutations but may also
involve stabilization of normal p53 with otber
proteins. (Am J Pathol 1996, 148:1577-1589)

Wilms’ tumor is one of the common solid tumors of
childhood with an incidence of approximately 1 in
10,000 children. It is highly responsive to chemother-
apy and carries an overall good prognosis. However,
10 to 15% of tumors are metastatic at presentation or
recur/metastasize after initial therapy.! At present,
histological evidence of anaplasia or loss of het-
erozygosity for chromosome 16g? are two indicators
of poor prognosis associated with significantly lower
relapse-free and overall survivals. Presently, the his-
tological assessment of anaplasia has been docu-
mented in only approximately 4% of cases and is not
present in all of the tumors that recur or metastasize.

Loss of wild-type p53 or aberrant expression of
mutant p53 are indicative of progression events and
serve as an unfavorable prognostic marker in a wide
variety of tumors.® Mutations of p53 have been de-
tected in more than 50% of human cancers® whereas
overexpression of p53 detected immunohistochemi-
cally in cancers of breast, colon, lung, or brain is
associated with tumor progression and unfavorable
prognosis.>® This overexpression is thought to be
due to either stabilization of mutant p53 or stabiliza-
tion of wild-type p53 by interaction with other pro-
teins that prevents its degradation. These events can
lead to loss of the function of p53 as a transcription
factor involved in the regulation of the cell cycle.
Normally, in response to DNA injury, cellular levels of
wild-type p53 increase and lead to arrest before
G1/S transition in the cell cycle.” In these cells, p53
activates transcription of the p21/cip1 gene, which
encodes the p21 protein that binds to multiple cyclin-
dependent kinases and blocks the activation of cy-
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clinfcak complexes leading to G1 arrest.®2 p53 also
participates in DNA repair by activating repair genes
including GADD45 and PCNA,; alternatively, p53 par-
ticipates in the initiation of apoptosis by interacting
with other gene products such as Bax,® Bcl-2,'° and
Mdm2.'" Expression of wild-type p53 has been re-
ported in frozen sections of rapidly dividing tissues
such as the basal layer of squamous epithelium'2
and cervical mucosa.’® p53 is involved both in tu-
morigenesis and in progression of a cancer, as loss
of wild-type p53 allows cells with damaged DNA to
divide without DNA repair, resulting in the generation
of a cell population with altered genetic functions.

Although the status of p53 in Wims’ tumors has
been investigated, its significance is not clear. An ear-
lier study by Lemoine et al'* found p53 immunoposi-
tivity in 100% of Wilms' tumors as detected by immu-
nohistochemistry on frozen sections using antibody
PAb240. This antibody recognizes both mutant and
denatured wild-type epitopes on p53. Recent studies
from other laboratories and our own have shown that
p53 mutations are uncommon in Wilms’ tumors.'17
Thus, most Wilms' tumors likely possess only wild-type
p53. In Wilms’ tumors, inactivation and retention of
wild-type p53 may be due to its interaction with other
proteins, thus circumventing normal functions of p53
and allowing the malignant cells with altered DNA to
divide. WT1, the Wilms’ tumor suppressor gene's1®
encodes a 50-kd protein that has been shown to com-
plex with p53 protein in vitro.2% In this complex, p53 and
WT1 modulate each other's functions; in the absence
of p53, WT1 acts as a transcriptional activator of the
EGR1 gene, whereas in the presence of p53, WT1
induces repression of EGR1. WT1 itself potentiates the
transcriptional activation of p53.2° Maheshwaran et
al®® also found p53-WT1 complexes in three Wilms'
tumors analyzed. To understand the role of p53 in the
progression of Wilms’ tumors, we analyzed a series of
cases for p53 immunopositivity and p53 mutations.
Although the presence of mutations correlated closely
with metastasis or recurrence, a substantial fraction of
Wilms’ tumors showed p53 immunopositivity without
demonstrable p53 mutations and displayed a similar
poor outcome.

Materials and Methods

Patients and Tissues

Samples of Wilms' tumor (both formalin-fixed tu-
mor blocks and snap-frozen tumor stored at
—70°C) from 28 patients were obtained from the
Pathology Department at The Hospital for Sick
Children, Toronto, between 1983 and 1993. In the

tissue bank, tumors were assigned WiT numbers in
order of presentation; those listed represent the 28
cases with sufficient material for the study. Cases
were chosen with adequate follow-up, especially
for the nonmetastatic/nonrecurrent group. Pre-
treatment tumor tissue was available in all of these
cases in the form of either excised tumor (11
cases) or biopsy from the primary tumor (17 cas-
es). Clinical information including age, staging,
therapy, and outcome as well as histological type
are given in Table 1. The first group included 12
cases with no metastasis/recurrences. In the first
group, 9 patients had been followed up for more
than 6 years and only 3 patients had a follow-up of
only 4 years. All of the patients in this group are
alive and free of the disease. The second group
included 16 patients with metastasis/recurrences
(indicating more aggressive tumors); 15 of these
patients developed metastases/recurrences at a
later time, whereas 1 (WiT49) presented with lung
metastases at the time of initial diagnosis. As
shown in Table 1, 5 patients in the second group
expired due to extensive spread of the tumor.

The majority of these tumors had classical tripha-
sic histology, showing epithelial, mesenchymal, and
blastemal components in varying proportions. The
epithelial component consisted of tubules and glo-
meruloid structures whereas the mesenchymal com-
ponents consisted of heterologous and/or homolo-
gous elements. The homologous elements were
present in all of the cases, consisting of a fibroblastic
stroma. Heterologous elements were present in 11
primary tumors and included squamous, neural,
chondroid, and frequently rhabdomyoblastic differ-
entiation. Anaplasia was noted in 6 primary tumors, 5
belonging to the recurrent/metastatic group and 1 in
the nonmetastatic category. In 2 cases, anaplasia
was documented only in metastasis/recurrences and
not in the primary tumor. Anaplasia was present in
three patients who died of the disease.

Cell Lines

Five different cell lines with known p53 and WT1
status served as controls for both immunohistochem-
istry and Western blot analysis. K562 and OCIM2
(kindly supplied by Dr. S. Benchimol, Ontario Cancer
Institute) were leukemic cell lines. K562 carries a p53
mutation that results in loss of p53 protein expression
but does express wild-type WT1. OCIM2 is mutant
for p53 but expresses p53 protein. The status of WT1
is not known for OCIM2. The SV40-immortalized pu-
tative podocytic parent cell line 56A12" was kindly
provided by Dr. J-D. Sraer (Tenon Hospital, Paris,
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Table 1. Clinical Data on Wilms’ Tumors
Age at

diagnosis Follow-up
Sample (months) Sex Histopathology Stage Metastases Recurrence  Treatment (years) Outcome
WiT1 48 M FH ] - - Chemo 12 A/NED
WiT10 84 M Anaplasia I - - Chemo/rad 11 A/NED
WiT12 22 F FH V* - - Chemo 11 A/NED
WiT13 24 F FH I - - Chemo 11 A/NED
WiT24 43 M FH I - - Chemo 10 A/NED
WiT26 23 F FH Il - - Chemo 9 A/NED
WiT32 06 F FH ] - - Chemo 8 A/NED
WiT52 04 F FH I - - Chemo 6 A/NED
WiT72 72 F FH I - - Chemo 4 A/NED
WiT75 12 M FH Vv* - - Chemo
WiT76 02 M FH I - - Chemo 4 A/NED
WiT81 08 M FH I - - Chemo 4 A/NED
WiT21 48 F Anaplasia \" Lungs + Chemo/rad DOD
WiT28 60 M FH v* - + Chemo 11 A/NED
WiT34 60 F Anaplasia v Multiple - Chemo/rad
WiT41 24 F Anaplasia v Lungs - Chemo/rad 7 A/NED
WiT47 86 F FH I - + Chemo/rad 6 A/NED
WiT49 24 F Anaplasia v Multiple + Chemo/rad DOD
WiT59 26 M FH ' 1] - + Chemofrad 6 A/NED
WiTe7 24 M FH v Testis - Chemof/rad 5 A/NED
WiT73 117 F FH | Lungs - Chemo 5 A/NED
WiT78 16 F FH | Liver - Chemo 4 A/NED
WiT96 72 F FH | Lung + Chemo/rad DOD
WiT100 36 M Anaplasia v Multiple - Chemof/rad DOD
WiT102 72 F Anaplasia ] LungsXx3 - Chemo/rad 3 A
WiT105 60 M Anaplasia v Multiple - Chemof/rad DOD
WiT110 120 M FH m - + Chemo/rad 2 A/NED
WiT112 72 F Anaplasia i + + Chemof/rad 2 A/NED

FH, favorable histology; chemo/rad, chemotherapy/radiation; A, alive; NED, no evidence of disease; DOD, dead of disease.

*Indicates patients with bilateral Wilms' tumors.

France) whereas the 56A1E14 cell line, which was
co-transfected with CMV-cDNA WT1 construct (+17
amino acids, +KTS isoform of WT1) and pSVneo,
was generously donated by Dr. C. Campbell (Cleve-
land Clinic Research Institute). The 56A1 cell line
expresses very low levels of WT1 (H. Yeger, unpub-
lished data). The cell lines were maintained in Dul-
becco’s minimal essential medium F12 supple-
mented with 10% fetal bovine serum. 56A1E14
cultures were further supplemented with 400 ug/mi
G418 to maintain selection under neomycin resis-
tance.

Immunohistochemistry for p53

Tumor tissue and cell line pellets were fixed in 10%
formalin, embedded in paraffin, and sectioned. For
each case, sections were selected for immunostain-
ing from at least two representative areas of the
tumor. In five cases, sections were stained from all of
the tumor blocks processed (range of 6 to 13). Be-
sides performing immunostaining on the resected
tumor, we immunostained the original tumor biopsy
(wherever available) to investigate the possibility of
p53 immunopositivity secondary to treatment effect.

Immunostaining for p53 was performed with an indi-
rect immunoperoxidase method and enhanced by
an antigen retrieval technique by microwaving in
0.01 mol/L sodium citrate, pH 6.0. This technique
was standardized for the microwave in our labora-
tory. Endogenous peroxidase was blocked with
0.3% H,0,. The sections were first blocked in 1%
normal goat serum and then incubated overnight at
4°C with two different p53 antibodies, DO-7 (1:100)
and 1801 (1:60; (Novocastra Laboratories). Both an-
tibodies recognize amino-terminal epitopes and de-
tect both wild-type and mutant p53. These antibod-
ies were compared for their staining pattern and to
identify an antibody that performed well using micro-
waving for antigen retrieval. The slides were then
washed three times with wash buffer (30 mmol/L Tris,
pH 7.5, 150 mmol/L NaCl, 1% bovine serum albumin,
0.05% Triton X-100), incubated for 30 minutes at
room temperature with biotinylated goat anti-mouse
1gG (Molecular Probes, Eugene, OR) diluted 1:250 in
antibody diluting buffer (Dimensions Lab), washed
three times as above, and incubated with avidin-
peroxidase (Vector Laboratories, Burlingame, CA)
diluted 1:1000 in diluting buffer for 30 minutes at
room temperature, followed by final washes in Tris-
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buffered saline. Bound antibody complex was visu-
alized by reaction in 3,3'-diaminobenzidine sub-
strate (Vector) and counterstained with Mayer’s
hematoxylin. The immunohistochemically stained
sections were assessed independently by two pa-
thologists (P. Thorner and C. Lahoti) and H. Yeger
and scored both for number of positive cells and for
the intensity of immunopositivity. The stained slides
were scored blindly by the authors (P. Thorner and
H. Yeger) without prior information about stage and
clinical outcome and subsequently reviewed blindly
by C. Lahoti. The correlation between positive and
negative cases was 100% among the authors, al-
though minor differences in grading of immunopos-
itivity in a few cases were resolved by jointly viewing
the patterns. The numbers of immunopositive cells in
sections were assigned as extensive when 76 to
100% of tumor cells were positive, frequent when 50
to 75% of cells were positive, and restricted when
less than 50% of cells were positive. A case was
categorized as negative when none or only a few
(<5) cells on the whole slide showed a weak staining
or no positive cells were present. The intensity of
immunopositive staining was graded as strong when
the nuclei showed a dark brown color, moderate
when the color was intermediate golden brown, and
weak when the nuclei were light brown. Cytoplasmic
positivity was considered only when the cytoplasm
showed a brown granular positivity. Incubations
without the primary antibody served as a negative
control. No positive staining was noted in the con-
trols.

p53 Mutation Analysis

DNA was extracted by a standard phenol chloroform
extraction method from 23 tumor samples kept frozen
at —70°C. Twelve primary nonmetastatic/nonrecurrent
tumors and eleven metastatic/recurrent tumors were
screened for p53 mutations by single-strand conforma-
tion polymorphism (SSCP) analysis.’® Nine sets of
primers were generated to amplify exons 2 and 4
through 11 of the p53 gene. These primers have been
published previously.?"?2 Polymerase chain reaction
(PCR) was carried out for each of the above exons in a
50-ul total volume in an automated thermocycler (Per-
kin-Elmer Corp., Norwalk, CT). The reaction conditions
were as follows: 250 ng of DNA, 50 mmol/L Tris-HCI,
pH 8.6, with 1.5 mmol/L MgCl,, 0.2 mmol/L of each
dNTP, 250 ng of each primer, 0.1 ul of [*?P]dCTP
(3000 uCi/ml), and 2.5 U of Tag polymerase (Cetus
Laboratory, Emeryville, CA). PCR conditions were as
follows: 85°C for 10 minutes followed by 35 cycles at
94°C (45 seconds), 55°C (45 seconds), and 72°C (45

seconds). The reaction was terminated with a 7-minute
incubation at 72°C followed by 3 minutes at 94°C. To
the PCR product, an equal volume of loading buffer
(95% formamide, 20 mmol/L EDTA, 0.05% bromphenol
blue, and 0.05% xylene cyanol) was added. The sam-
ples were then loaded onto acrylamide-TBE nondena-
turing gels after denaturation at 85°C for 5 minutes.
Different concentrations of acrylamide and glycerol
were used depending on the exon fragment being
analyzed (4.5 to 9% acrylamide and 2 to 10% glycerol).
The period of electrophoresis depended on the size of
exon and the gel concentration of acrylamide. The gels
were dried and exposed to Kodak X-Omat film with an
intensifying screen at —70°C for 4 to 72 hours. Each
fragment was run in two or three electrophoretic con-
ditions depending on the specific exon being ana-
lyzed. Each gel run included known mutant p53 sam-
ples and a sample of wild-type p53. DNA samples
determined to be abnormal by detectable band shifts
on SSCP were reamplified with the SSCP primers en-
compassing the abnormal region. The PCR product
was purified, subcloned directly into T-tailed pBSK+
bluescript vector and sequenced in both directions by
Sanger's method with the Sequenase 2.0 kit (U.S. Bio-
chemicals/Amersham, Cleveland, OH).

Western Blot Analysis

To corroborate the results of immunohistochemistry,
p53 protein analysis was performed by Western blot
technique using the above cell lines as well as on
selected Wilms’ tumors for which frozen tumor tissue
was available. Pellets from cultured cell lines and
small amounts of tumor tissue frozen at —70°C were
lysed with 1 ml of RIPA buffer (150 mmol/L NaCl, 50
mmol/L Tris, pH 8.0, 1% Nonidet P-40, and 0.5 mmol/L
Pefabloc SC (Boehringer Mannheim, Indianapolis, IN).
This cell suspension was gently vortexed every 15
minutes for approximately 1 to 2 hours and then cen-
trifuged at high speed for 10 minutes. The supernatant
was collected in a separate tube, and quantification of
proteins was performed using the Bradford method.
Supernatant equivalent to 50 ug of protein for normal
and tumor tissues and 10 to 25 ug for cell lines was
mixed with an equal amount of sample buffer (2%
sodium dodecy! sulfate, 20% glycerol, 62.5 mmol/L
Tris-HCI, pH 6.8, 0.005% bromphenol blue, and 2%
B-mercaptoethanol) and denatured by boiling for 5
minutes. The samples were then loaded on 10% acryl-
amide gels and run for 1 hour in a Bio-Rad minigel
system. The proteins were then transferred to Immo-
bilon-P (Millipore, Bedford, MA) by semi-dry electro-
phoresis. The membranes were then blocked over-
night in 10% skim milk in Tris-buffered saline with 0.1%



Tween 20 followed by incubation with a mixture of two
primary anti-p53 antibodies, DO-1 (1:1000; Oncogene
Science) and 1801 (1:1000) for 1 hour. After three
washes in 1% skim milk in Tris-buffered saline with
0.1% Tween 20, the membranes were incubated with
anti-mouse IgG-alkaline-phosphatase Fab fragments
(1:1000; Boehringer Mannheim) for 1 hour. After three
washes with 1% skim milk solution, the final wash was
performed in 0.065 mol/L amino methyl propanol
buffer, pH 9.5, for 20 minutes. The membranes were
then incubated in Lumiphos (Boehringer Mannheim)
and exposed to Kodak X-Omat film for 2 hours to
overnight.

Results

Immunohistochemical Staining for p53 in
Fetal Kidney

Wilms’ tumor arises from the nephrogenic blastema
in the developing fetal kidney. We therefore first ex-
amined human fetal kidney sections for p53 staining.
Immunostaining for p53 on paraffin sections of hu-
man fetal kidney revealed no p53 expression in the
blastema or developing tubules and glomeruli (not
shown). However, on Western blot analysis, p53 pro-
tein was present in low but detectable levels (see
lane 5 in Figure 3), indicating that, in developing
kidney, wild-type p53 is expressed at low levels not
detectable in paraffin sections.

p53 Immunostaining in Cell Lines

To assess p53 protein expression in cell lines with
known mutational status of p53, immunostaining was
performed on cell lines K562, OCIM2, 56A1, and
56A1E14. K562 showed no p53 staining whereas
OCIM2 showed a heterogeneous staining pattern
with the majority of cells showing moderate staining
and some weak to strongly positive cells (not
shown). Both 56A1 and 56A1E14 were uniformly im-
munopositive for p53. However, the positivity was
stronger in the latter.

P53 Immunostaining in Wilms’ Tumors

Both antibodies, 1801 and D0-7, showed positivity
in the same tumors, although the 1801 antibody gen-
erally yielded a weaker signal. It was noted that in the
case of WiT47 the 1801 antibody showed strong
cytoplasmic immunopositivity, not seen with DO-7.
The results of p53 immunostaining among the two
groups of Wilms' tumors, metastatic/recurrent and
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nonmetastatic/nonrecurrent, indicated a significant
expression of p53 in the former group as summa-
rized in Tables 2 and 3. In general, p53 immunostain-
ing in most Wilms’ tumors was nuclear and not re-
stricted to any particular cell type. Positivity was
noted in tubules, blastema, and anaplastic cells,
although anaplastic cells were not always positive
(Figure 1A). The stroma was invariably negative with
both antibodies. Heterologous elements such as
squamoid and chondroid elements were negative.
The rhabdoid cells in one case were negative for p53
staining, whereas two other cases showed some
weak cytoplasmic staining. As shown in Table 2, nine
of twelve cases in the nonmetastatic/nonrecurrent
category were negative. Two cases showed only
weak positivity whereas one had focal strong posi-
tivity. This latter case showed predominant tubular
differentiation with focal anaplasia. The tumor
showed strong positivity both in anaplastic cells and
in adjacent non-anaplastic tumor tubules.

Table 2 shows that the majority of 16 primary
tumors and their metastases/recurrences were im-
munopositive for p53. Due to heterogeneity in the
degree of immunopositivity, tumors were graded
based on both the proportion of positive cells as well
as the intensity of positivity. The intensity of staining
as well as the number of positive cells both in-
creased in the metastases/recurrences as com-
pared with the primary tumor. In the primary tumor of
WiT49, only a few scattered anaplastic cells were
strongly positive for p53 (Figure 1B) whereas its
metastasis showed areas of extensive strong posi-
tivity intermixed with areas of positive and negative
cells (Figure 1C). Cytoplasmic positivity for p53 was
noted in 3 tumors using the 1801 antibody; in 2
cases it was very focal, and 1 of the primary tumors
showed moderate to strong cytoplasmic positivity
and weak nuclear positivity with DO-7 antibody (Fig-
ure 1D). The recurrent tumor of this latter case, how-
ever, showed weak to moderate nuclear positivity
only. Histologically, this tumor showed predomi-
nantly epithelial differentiation surrounded by myxoid
mesenchymal tissue.

In the metastatic/recurrent tumors, both increased
numbers of immunopositive cells and stronger im-
munopositivity was observed in comparison with the
nonmetastatic group, which showed an overall weak
and restricted immunopositivity in intensity and num-
ber of p53-immunopositive cells.

Heterogeneity in p53 Immunostaining

In the majority of the primary as well as the metas-
tases/recurrences, variation in intensity of p53 immu-
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Table 2. Resuits of p53 Immunostaining in Wilms' Tumors

Extent of immunopositivity

WIT Primary Rec/met Primary Rec/met
1 —

10 Strong F/hom

12 Weak Rare

13

24

26

32

52 Weak Rare

72

75

76

81

21 Weak Weak-strong* <50% >50%

28 Moderate Moderate-strong >50% >50%

34 Moderate Moderate-strong >50% >50%

41 Strong NA F/hom NA

47 Moderate-strong® Moderate-strong >50% >50%

49 Moderate-strong Moderate-strong Rare >50%

59 Weak-moderate Weak <50% <50%

67 Weak-moderate Weak-moderate <50% >50%

73 Weak-moderate Weak-strong >50% >50%

78 Negative Weak Negative >50%

96 Weak-moderate Weak-moderate® <50% >50%
100 Strong Strong >50% >50%
102 Weak-moderate Moderate >50% >50%
105 Strong NA >50% NA
110 Weak-moderate NA <50% NA
112 Weak Moderate >50% >50%

F/hom, focal area of homogeneous positivity; rec/met, recurrences/metastases; NA, radiological evidence of metastases, no tissue taken.

*Few cells strongly positive.
tPredominantly cytoplasmic staining.
*Few cells moderately positive.

nopositivity as well as in the number of positive cells
was noted in different areas of the tumor (Figure 1A).
This variation in p53 immunostaining was present not
only in the same section but also among different
areas of tumor. One primary tumor had only a few
strongly p53-positive tumor nodules located at the
periphery of the tumor whereas the main tumor
showed rare positive cells. This patient later devel-
oped lung metastasis. The primary tumor of another
patient (WiT102) revealed heterogeneous weak to
moderate positivity, whereas the metastasis showed
moderate to strongly positive areas (Figure 1, E and
F) adjacent to a p53-immunonegative nodule. This
patient developed two more lung metastases that
were also positive. WiT41 was an interesting case in
which the initial two sections immunostained for p53
were negative. As the patient had lung metastases,

all of the blocks from the primary tumor were immu-
nostained, revealing strong p53 immunopositivity in
two blocks where there was a focus of anaplasia
(Figure 1G). To further investigate the problem of
heterogeneity, in addition to staining at least two
blocks on all cases, all of the available tumor blocks
from four cases of metastatic/recurrent Wilms’' and
two cases of nonmetastatic Wilms’ tumors were im-
munostained for p53. The nonmetastatic/nonrecur-
rent cases were included to verify their true negativ-
ity. The results in these six cases are shown in Table
4. Among the metastatic/recurrent category, WiT49
and WIiT102 showed very few cells positive in the
primary tumor although the metastases/recurrences
were markedly increased in the number of immu-
nopositive cells and in intensity. WiT102 showed sig-
nificant heterogeneity in the original sections of both

Figure 1. Immunoperoxidase labeling of Wilms’ tumors with the DO-7 anti-p53 monoclonal (A to C and F to G) and the 1801 monoclonal (D)
antibodies, counterstained with bematoxylin. A: WiT49 metastasis showing strong nuclear positivity in the tubules and some anaplastic cells. Note
that not all of the anaplastic cells are positive for p53. Magnification, X 225. B: Primary tumor, WiT49 showing focal strong positivity in the blastema.
X 90. C: Metastasis of WiT49 showing strong beterogeneous staining for p53. Note the heterogeneity in tubular staining as well as in the blastema with
diffusely staining areas adjacent to areas with positive and negative cells. X 90. D: Cytoplasmic positivity for p53 in WiT47. In many of these cells the
Dpositivity appears to concentrate around the nucleus. X 225. E: Primary tumor, WiT102 showing beterogeneous weak to moderate p53 immuno-
staining. X 225. F: Metastasis of WiT102 showing moderate 10 strong p53 positivity with a significant increase in number of positive cells as compared
with the primary tumor. X 225. G: Primary tumor WiT41 showing a strongly p53-positive area adjacent to a totally negative area. The positive area
shows features of anaplasia whereas the negative area bas a bistology of classical Wilms’ tumor. X 90.
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Table 3. Summary of p53 Immunostaining in Primary
Wilms’ Tumors

Percent

Primary tumor positive*
Nonrecurrent/Nonmetastatic (3/12 cases) 25%
Recurrent/Metastatic (15/16 cases) 94%

*Difference between nonrecurrent/nonmetastatic and
recurrent/metastatic cases is statistically significant by x? test, P
< 0.01.

the primary tumor as well as the metastasis. The
results of the immunostaining on both the pretreat-
ment biopsy and the post-treatment resected spec-
imen (in areas of viable tumor cells) were similar,
indicating that chemotherapy did not alter the p53
immunopositivity.

SSCP Analysis

An earlier study by Malkin et al'® revealed mutations
in 2 of 21 (9.5%) Wilms’ tumors; however, p53 protein
analysis was not performed in this study. We in-
cluded 12 cases from the original study and ana-
lyzed more cases for p53 mutations to determine
whether p53 immunopositivity correlates with possi-
ble mutations in the p53 gene. The SSCP analysis
was performed on 23 Wilms’ tumors, examining the
p53 coding sequence in exons 2 and 4 through 11.
Mutations in p53 were found in 4 cases, all belonging
to the metastatic/recurrent group (Table 5), whereas
none of the 12 nonmetastatic/nonrecurrent tumors
showed any mutations. In 3 of 4 cases, both the
primary tumor and the recurrence/metastasis

Table 4. Heterogeneity in p53 Immunopositivity

showed similar results. In WiT73, the primary tumor
had an intronic mutation whereas the recurrence was
negative for p53 mutations. Anaplasia was presentin
2 cases, WiT34 and WiT105, of which WiT34 was
focal whereas WiT105 was diffusely anaplastic.
WiT28 had favorable histology showing features of
classical Wilms’ tumor. WiT34 contains a true muta-
tion in exon 6 represented by a single base pair
substitution from G to A in the first position of codon
199, thus changing the amino acid from glycine to
arginine. Besides this true mutation, WiT34 also had
a base pair substitution from A to G in the third
position of codon 213 in exon 6, which did not
change the amino acid arginine and thus represents
a polymorphism. Exon 7 mutation in WiT28 showed a
transition from T to A in the second position of codon
257, altering the amino acid from leucine to glu-
tamine. Exon 10 of WiT105 revealed a point mutation
at a CpG dinucleotide at codon 342 (Figure 2). This
nonsense mutation converts cytosine to thymidine
and arginine to a stop codon. The p53 immunopos-
itivity was strong in this tumor and, thus, the stop
codon in exon 10 does not appear to interfere with
protein production, although the p53 protein ap-
pears to be altered. This patient died of extensive
metastases in a short period of time, indicating the
aggressive nature of this tumor. The intron 5 mutation
in WiT73 consisted of an insertion of an extra nucle-
otide, G in the mid-region of intron 5 (396 base pairs
away from the last nucleotide of exon 5). The exact
effect of this insertion on the message and protein is
still under investigation.

Case Category Number of blocks examined Number of positive blocks
WiT1 Nonmetastatic/nonrecurrent 13 All negative
WiT41 Metastatic 12 12 positive
WiT49 Metastatic 11 All positive*
WiT76 Nonmetastatic/nonrecurrent 14 All negative
WiT102 Metastatic 11 All positive, heterogeneous
WiT112 Recurrent 10 Focally positivet

*Very few strongly positive tumor cells.
TMost of the tumor was necrotic with few foci of viable cells.

Table 5. p53 Mutation Analysis in Wilms’ Tumors
Mutation

Case Histology Exon Codon Amino acid switch Type
WiT28* Classical 7 257 Leu—Gin Missense
WiT34* Anaplastic* 6 199 Gly—Arg Missense
WiT73 Classical Intron 5 ND
WiT105 Anaplastic 10 342 Arg—sstop codon Nonsense

ND, not determined.
*Previously reported in Malkin et al.’2
TAnaplasia present focally.



Figure 2. SSCP and sequence analysis were performed on WiT105.
Sequence analysis of exon 10 of WiT105 showing a GC deletion at
codon 342 (arrow). Lane M, WiT105; lane W, normal exon 10 (arrow
showing normal sequence of codon 342). Wild-type sequence for
codons 340 to 343 is CTA CAA GGC TCT and, for mutant p53, is CTA
CAA GCT CTC.

The intensity of p53 immunostaining in tumors har-
boring mutations, WiT28, WiT34, and WiT105, was
moderate to strong, whereas in WiT73, it was weak to
moderate. The p53 immunostaining was present not
only in blastema and tubules but also in the anaplas-
tic cells. In WiT105, the immunostaining was strong
in almost all of the cells including the anaplastic
cells. WiT28, WiT34, and WiT73 showed a heteroge-
neous staining pattern with frequent to extensive
positive cells intermixed with negative cells. The re-
currence of WiT28 exhibited the same mutation as in
the primary tumor. However, the number of p53-
immunopositive cells as well as the intensity of stain-
ing was greater in the recurrence.

Western Blot Analysis

Western blot analysis revealed a band of approxi-
mately 53 kd corresponding to p53 protein in human
fetal kidney as well as in all of the Wilms’ tumors and
cell lines (Figure 3). Human fetal kidney showed a
weak band indicating that fetal kidney expresses low
levels of p53. K562, a leukemic cell line with mutant
p53, was negative for p53 protein. The amount of
p53 present in each tumor and cell line shown in
Table 6 is calculated relative to the amount present
in human fetal kidney. Podocytic cell lines 56A1 and
56A1E14 retain large amounts of p53 by virtue of
forming complexes with large T antigen. All of the
tumors had more p53 protein than human fetal kid-
ney. Although the cell lines showed a close correla-
tion between immunostaining and Western blot re-
sults, a similar correlation between the amount of
p53 detected by Western blot analysis and p53 im-
munostaining among the tumor samples was not
noted.
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Figure 3. Western blot analysis for p53 protein in a series of Wilms’
tumors and cell lines in comparison with normal fetal kidney. Lanes
1, 56A1E14; lane 2, K562; lane 3, WiT112m; lane 4, WiT47; lane 5,
buman fetal kidney; lane 6, OCIM2; lane 7, WiT1; lane 8, WiT13; lane
9, WiT24; lane 10, WiT28r; lane 11, WiT34m. Note that K562 (lane 2)
is a leukemic cell line with no p53 expression whereas OCIM2 ((lane 6)
is another leukemic cell line that expresses large amounts of mutant
P53 protein. In contrast, the SV40-transformed cell line 56A1E14 (lane
1) has retained large amounts of wild-type p53 protein. A small
amount of p53 is expressed in buman fetal kidney. WiTl, WiT13, and
WiT24 are nonmetastatic/nonrecurrent Wilms' tumors wbhereas
WiT112m, WiT47, WiT28r, and WiT34m are metastatic/recurrent tu-
mors. In this analysis, only WiT34m (lane 11) expressed large amounts
of mutant p53 protein.

Discussion

The results of p53 immunostaining in our study indi-
cate that most of the Wilms’ tumors (94%) that are
immunopositive for p53 carry a higher risk of metas-
tasis or recurrence in contrast to the majority of p53-
negative primary tumors, which did not metastasize
or recur. The strength of immunopositive staining
was also greater in the former group than in most
cases of positive nonmetastatic tumors. In 10 of our
cases, the metastases/recurrences were more
strongly immunopositive for p53 than their primary
tumor, either due to increased numbers of p53-pos-
itive cells or to an increase in the intensity of staining.
Thus, p53 immunopositivity correlates well with the
aggressiveness of Wilms’ tumor.

The study by Lemoine et al'® suggested that p53
immunopositivity in Wilms’ tumors indicated expres-
sion of wild-type p53 as subsequent reports on mu-
tational analysis demonstrated p53 mutations in only
2 of 21 Wilms’ tumors,'® no mutations in 38 Wilms’
tumors analyzed by Waber et al,'® three mutations in
66 tumors analyzed by Takeuchi et al,’” and p53
mutations in only the anaplastic Wilms' tumors de-
scribed by Bardeesy et al.22 The results of our study
also show the presence of p53 protein in all of the
Wilms’ tumors and human fetal kidney examined by
Western blot analysis. Although, in general, no good
correlation was found between p53 immunopositivity
and Western blot analysis of tumor tissues, in cases
like WiT34m, possessing a mutant p53 protein, ex-
tensive moderate to strong immunopositivity was in-
deed matched by a relatively high level of p53 pro-
tein detectable by Western blot analysis. In general,
immunostaining for p53 revealed either a weak or
undetectable reaction in the majority of nonmeta-
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Table 6. Results of Western Blot Analysis

Samples Clinical status Immunonology Western blot*
Human fetal kidney - 1
OCIM2 +++ 10-fold
56A1E14 ++++ 100-fold
56A1 ++++ 100-fold
K562 -

WiT1 Nonmetastatic/nonrecurrent - 4-fold
WiT13 Nonmetastatic/nonrecurrent - 4-fold
WiT24 Nonmetastatic/nonrecurrent - 1.5-fold
WiT28r Recurrent +++ 1.5-fold
WiT34m Metastatic +++ 20-fold
WiT47 Recurrent +++T 3.5-fold
WiT112m Metastatic/recurrent +++ 2-fold

*The amount of p53 shown in the tumors is relative to the amount of p53 in human fetal kidney.

tCytoplasmic positivity.

static tumors as well as in human fetal kidney. A
plausible explanation for this discrepancy is that in
these tumors wild-type p53 protein, which has a
short half-life (20 minutes), is present in low levels
that are not detectable by immunostaining on paraf-
fin sections. In most of the recurrent/metastatic tu-
mors, p53 protein may interact with another gene
product that stabilizes it or p53 is mutated and has a
long half-life (up to 24 hours). In these tumors, p53
protein would be readily detected by immunostain-
ing on formalin-fixed tissue as well as on Western
blot analysis; nevertheless, in a few of these tumors,
the amount of p53 detected by Western blot was less
than that noted on immunostaining. Protein degrada-
tion in tumor tissue used for Western blot analysis
secondary to necrosis or improper protein preserva-
tion might account for this discrepancy. Cell lines
and human fetal kidney showed a better correlation
between the above two techniques.

The retention of wild-type p53 has been observed
in other cancers, for example, in hepatocellular car-
cinoma, in which wild-type p53 binds to the HBV
gene product, Hbx, present in the cytoplasm, and
blocks the entry of p53 into the nucleus.® Stabilized
wild-type p53 has also been detected in colon car-
cinoma,?* breast carcinoma,?® and cell lines from
thyroid cancers.?® Taken together, the studies of
Lemoine et al’* and ours suggest that the presence
of wild-type p53 in Wilms’ tumors could play a role in
Wilms’ tumorigenesis and/or malignant progression.

In general, p53 staining was nuclear. Two cases
from the metastatic/recurrent group showed focal
cytoplasmic positivity, and in one case from the
same group, strong cytoplasmic staining was noted
with antibody 1801, probably representing inacti-
vated and retained wild-type p53. In past studies,
cytoplasmic positivity had been ignored as false
positive. Recent studies have confirmed the cyto-
plasmic expression of p53 not only in tumors*2® but

also in normal tissues.?” In fact, in both inflammatory
breast and colon carcinomas, the presence of cyto-
plasmic p53 may represent an independent prog-
nostic indicator.#?® p53 mutations in these cases
were rare, indicating that retention of wild-type p53 in
the cytoplasm likely led to its inactivation. Pezzella et
al?” hypothesize that cytoplasmic p53, which is often
seen in a perinuclear location, is bound to p34°°°2, a
cyclin-dependent kinase, which is present in perinu-
clear centrosomes. In our case with diffuse cytoplas-
mic positivity, mutational analysis was negative for
p53 mutation. The presence of a band correspond-
ing to p53 on Western blot analysis indicated that
cytoplasmic p53 was not merely a staining artifact
but most likely altered wild-type p53.

p53 mutations were detected in only four cases,
all of which belonged to the metastatic/recurrent
group. Two of these tumors had anaplasia, whereas
the other two tumors showed no evidence of anapla-
sia. This observation is in contrast to that reported by
Bardeesy et al,?? which indicated that mutations
were detected only in anaplastic Wilms’ tumors. One
of our anaplastic tumors as well as one case in
Bardeesy’s report had a similar nonsense mutation in
exon 10 that creates a stop codon. Takeuchi et al'”
also reported one case with a mutation in exon 10
that changed glutamine to arginine. Exon 10 has not
been considered a hot spot for mutations; in fact,
only 4% of all reported p53 mutations occur in exon
10.2 This region of the gene is involved in oligomer-
ization of p53 protein into dimers and tetramers,
promoting its DNA-binding function. Thus loss of
oligomerization will lead to loss of transcriptional
function of p53 by affecting its DNA-binding ability.
In two of our cases, the mutations were in the DNA-
binding region itself. In our study and that of Bard-
eesy et al®® and Takeuchi et al,” most mutations
were found in the conserved domains. However,
given that the independent observations of exon 10



mutations in Wilms’ tumors constitute a significant
fraction of all p53 mutations in Wilms’ tumors, exon
10 should be examined more critically in Wilms’ tu-
mors.

Bardeesy et al?® further noted that in the majority
of their cases mutations were restricted to the ana-
plastic population, although in one case the mutation
became homozygous in the anaplastic cells, indicat-
ing that progression to anaplasia is associated with
clonal expansion of cells with p53 mutations. There
was marked attenuation of apoptosis in the anaplas-
tic population as compared with non-anaplastic
cells, indicating that these cells are additionally se-
lected to survive and proliferate. Most of the tumors
were negative for p53 mutations but were immu-
nopositive for p53. This discrepancy may indicate
that 1) other p53 mutations may exist in the intronic
regions not examined in this study (in fact, one of our
cases had a mutation in intron 5), 2) the tumor sam-
ple processed for SSCP did not contain the mutant
p53 cell population, or 3) the tumor overexpresses or
retains wild-type p53.

In general, Wilms’ tumors are large tumors and
very heterogeneous with varying patterns of differ-
entiation and proliferation in the same tumor. A
sample from one area may not represent the entire
tumor. In one of our cases, only 2 of 19 tumor
sections had anaplasia and were strongly immu-
nopositive for p53 whereas the remaining 17
blocks of the tumor were negative. Interestingly, in
the two p53-immunopositive sections that con-
tained anaplastic cells, only the anaplastic cells
were strongly positive for p53. Tumor heterogene-
ity was also seen in a large number of our primary
as well as the metastatic/recurrent tumors. In an-
other case (WiT96), the entire primary tumor sec-
tion was negative to weakly positive for p53 except
for a few foci of tumor cells at the periphery invad-
ing the capsule. The patient later presented with
lung metastasis. In such cases, most of the tumor
sample will probably be negative for p53 muta-
tions. These observations indicate that, in large
tumors exhibiting heterogeneous morphology like
Wilms’ tumor, the results of immunohistochemistry
and molecular analysis on a single tumor area may
not be representative of the entire tumor. There-
fore, for diagnostic and especially prognostic pur-
poses, we recommend that p53 immunostaining
should be performed on multiple blocks and in
particular on areas exhibiting anaplasia or an in-
vasive phenotype.

Finally, for Wilms’ tumors with significant p53 im-
munopositivity and no indication of p53 mutations,
the retention and inactivation of p53 can be due to its
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complexing with proteins, eg, WT1, MDM-2, and
Bcl-2. These proteins are known to interact with p53
in vitro and modulate its function. As discussed pre-
viously, WT1 complexes with p53 in vitro and in
vivo."'® As only 10 to 16% of Wilms' tumors possess a
mutation in WT12° and expression of WT1 is evident
in most tumors, '® it is possible that WT1 protein, both
normal and altered, may complex with p53. It is
relevant, therefore, that accumulated p53 protein
can be detected in the majority of Wilms’ tumors.'
MDM2, an oncogene product, inhibits the ability of
p53 to stimulate transcription by binding to a region
that nearly coincides with the p53 acidic activation
domain, thus concealing the activation domain of
p53 from cellular transcription machinery.'" p53 also
interacts with Bcl-2 in the apoptotic pathway. Ryan et
al'® noted loss of G1 arrest function of p53 when
Bcl-2 was present, and c-myc and bcl-2 genes co-
operate to inhibit p53 functions by retaining it in
cytoplasm during the critical period of G1. Recent
studies by Anderson et al®*° demonstrated that glio-
mas with wild-type p53 overexpress bcl-2, indicating
the possible inactivation of wild-type p53 by Bcl-2.
Preliminary results of Bcl-2 immunostaining on our
tumors revealed significant Bcl-2 immunopositivity in
all Wilms’ tumors, suggesting its role in maintaining
the tumor cell population. However, most of the tu-
mors with wild-type p53 expressed a higher amount
of Bcl-2 as compared with the ones with p53 muta-
tions (manuscript in preparation). Our preliminary
studies suggest that in Wilms’ tumors Bcl-2 appears
to play a similar role in tumor development by inhib-
iting wild-type p53 from participating in the process
of apoptosis and in turn permitting unrestricted tu-
mor cell proliferation.

In conclusion, the results of our study identify p53
immunopositivity as a strong prognostic indicator in
Wilms' tumor. In addition to contributing to malignant
progression, wild-type p53 may also be involved in
earlier events of Wilms’ tumorigenesis. It is relevant
that a similar suggestion has recently been pro-
posed for another embryonal tumor, neuroblasto-
ma.3
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