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We have studied expression ofp53, a tumor suppres-
sor gene, by using both immunohistochemistry and
in situ hybridization in 20 cases of squamous cell
carcinoma of the esophagus. Immunohistochemical
analysis was performed by using monoclonal anti-
bodypAbI801. Immunoreactivep53 was observed in
the nuclei of the tumor cells in 17 cases. We used
35S-labeled anti-sense single-stranded synthetic olig-
onucleotide probe ON102, which hybridized with
DNA sequence near the 5' end ofp53, for in situ by-
bridization. In all the cases of invasive squamous
cell carcinoma studiet4 no significant accumulation
ofp53 hybridization signals was observed in carci-
noma cells. This result indicates that overexpression
ofp53 observed by immunohistochemical staining is
not due to an increase in the steady-state level ofp53
mRNA in frank carcinoma cells. In six cases of mor-
phologically normal esophageal mucosa distant
from carcinoma, accumulation ofhybridization sig-
nals was observed in basal andparabasal cells of the
mucosa The mucosa of these cases was negative for
p53 immunoreactivity except for one case showing
sporadic positivity. Accumulation of hybridization
signals was observed in foci ofsquamous dysplasia
not associated with invasion in three cases. (Am J
Pathol 1992, 141:545-550)

tion but its role still remains obscure.2 Intracellular level of
p53 protein is regulated through normal cell cycle by two
mechanisms3: 1) transcription of its mRNA increases by
10- to 20-fold late in the G1 phase4 and 2) normal p53
protein is rapidly eliminated due to its short-half life (5-45
minutes).1' 4 Therefore, in normal cells, intracellular levels
of p53 protein are low even in actively dividing cells. On
the contrary, in cultured cells, increased levels of p53
protein are associated with a mutant p53 gene5 and mu-
tant p53 proteins can immortalize cells in vitro. A number
of laboratory studies demonstrated that mutant p53
genes can cooperate with the ras oncogene to transform
primary cultured fibroblasts.6 In addition to cultured cells,
the p53 mutations have been detected in a wide variety
of human malignancies.7 It is now considered that the
p53 gene frequently acquires mutations during the de-
velopment of many human malignancies including colon,
breast, and lung cancers.7 As described earlier, intracel-
lular regulation of p53 expression can occur at the level of
mRNA abundance or of p53 protein stability. Increasing
evidence has indicated that elevated intracellular levels
of p53 are due to increased stability and higher steady-
state levels of the protein.

Mutant p53 proteins form stable complexes with heat
shock protein (hsp) 70, a constitutively expressed mem-
ber of the heat shock family.5 As a result of this complex
with hsp 70, mutant p53 proteins may have an increased
intracellular half-life. If this hypothesis is correct, p53
mRNA overexpression is not present or is negligible in a
majority of human malignancies in which p53 mutations
have been reported. Northern blotting of p53 has dem-
onstrated low expression of p53 mRNA in lung cancer
cell lines8 and in primary invasive human breast cancer.3

p53 is a 53 kda nuclear phosphoprotein and is ex-
pressed by many normal cells.' The protein appears to
be involved in the regulation of normal cellular prolifera-
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However, mRNA abundance of p53 in human malignan-
cies is still in dispute.9 Northern blotting analysis usually
involves contamination by nonmalignant and nonviable
cancer cells because the tissue is processed as a mass.
Therefore, in this study, we examined mRNA expression
of p53 in human esophageal malignancies by in situ hy-
bridization analysis, which makes it possible to examine
localization of mRNA expression. This is the first report, to
the best of our knowledge, of in situ hybridization analysis
of p53 in human malignancies.

Materials and Methods

Tissues

Twenty cases of squamous cell carcinoma of the esoph-
agus were studied. All patients were Japanese. They
were operated on at Tohoku University Hospital, Sendai,
Japan, from 1990 to 1991. Among the cases examined,
clinical and histopathologic findings of 14 cases were

reported previously.10 In five cases, invasion was ob-
served up to the submucosa. In the other cases, carci-
nomas were associated with tumor invasion beyond the
tunica muscularis. Foci of dysplasia were observed in
three cases. These foci were not continuous with invasive
carcinoma. Nonpathologic or grossly normal esophagus
was obtained from the surgical margins of the specimen.

Tissue Preparation

Tissue blocks of both grossly apparent carcinoma and
nonpathologic esophagus were trimmed to approxi-
mately 1.5 x 1.5 x 0.3 cm and were fixed immediately in
4% paraformaldehyde in phosphate-buffered saline
(PBS), pH 7.4. They were irradiated with microwaves for
10 to 15 seconds and postfixed for 2 hours at 40C. They
were then embedded in paraffin.

Immunohistochemistry

Thin 2.5-purm slices from paraffin-embedded specimens
were deparaffinized routinely. They were then immersed
in ethanol with 0.3% hydrogen peroxide for 30 minutes,
followed by a wash in 0.01 mol/l PBS and treatment with
1% normal rabbit serum for 30 minutes at room temper-
ature. The slides were incubated with the primary anti-
bodies for 18 hours at 40C in a moist chamber. The pri-
mary antibody used in this study was monoclonal anti-
body pAb'1801 obtained from Novocastra Laboratory,
Newcastle, U.K. The antibody recognizes a denatur-

ation-resistant epitope in human p53 located between
aminoacids 32 and 79.11 The optimal dilution was 1:50.
Immunostaining was performed by the Histofine method
(Nichirei Co Ltd, Tokyo, Japan) employing 3-3'-diamino-
benzidine as chromogens. Specific staining was identi-
fied by the presence of brown reaction products. For the
negative controls, sections were incubated with 0.01
mol/l PBS or non-immune mouse serum instead of the
primary antibody.

In Situ Hybridization
Hybridization procedures used in this study were based
on those of Sasano et al12 and Hayashi et al13 with some
modifications. In both methods, glassware was washed,
rinsed with distilled deionized water, and autoclaved be-
fore use. Gloves were worn when handling the glassware
and slides to prevent RNase contamination of the tissue.

Deparaffinized sections mounted on Denhardt-
coated glass slides were treated with proteinase (0.25
mg/ml in 50 mmol/I Tris-HCI, pH 7.6 and 5 mmol/l ethyl-
ene diamine tetraacetic acid [EDTA]) for 30 minutes at
room temperature and acetylated with a freshly diluted
acetic anhydride (0.25% in 0.1 mol/l triethanolamine
buffer, pH 8.0) for 10 minutes. The treated sections were
then processed for in situ hybridization at 450C for 18
hours. DNA probes employed in this study were oligonu-
cleotide probe ON102 and its corresponding sense
probe, which were obtained from Oncogene Science,
Manhasett, New York. ON102 is a 40 base anti-sense
single-stranded synthetic oligonucleotide, which hybrid-
ized with DNA sequence near the 5' end. p53 mutations
may occur throughout the length of the gene including
the 5' region14 but none of the DNA mutations have been
reported in the region to which the probe ON102 corre-
sponds in human esophageal carcinoma. These oligo-
nucleotides were then radiolabeled with 35S-ATP by 3'-
end labeling method. The hybridization mixture con-
tained the radiolabeled oligonucleotide probe, 50%
formamide, 10 mmol/l Tris-HCI, pH 7.0, 0.15 moVI NaCI, 1
mmol/I EDTA, pH 7.0, 1 x Denhardt's mixture and 10%
dextran sulfate. After hybridization and removal of the
cover glass by immersing the slides in 2 x standard sa-
line citrate (SSC) buffer (1 x SSC = 0.15 mol/l NaCI,
0.015 mol/l trisodium citrate, pH 7.0) for 1 hour at room
temperature, sections were washed three times in 2 x
SSC for 10 minutes each at room temperature, once in
0.5 x SSC for 10 minutes at 45°C, and three times in 0.1
x SSC for 10 minutes each at 450C. Afterwards, the
slides were developed in Kodak NTB-2 nuclear track
emulsion (Eastman Kodak, Rochester, NY) and exposed
for 72 hours at 40C. The exposed slides were then devel-
oped and the sections were stained with hematoxyline.
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Results

Results of the immunohistochemistry including semi-
quantitation of immunoreactivity and in situ hybridization
are summarized in Table 1.

Immunohistochemistry

Among the cases of esophageal carcinoma examined,
17 of 20 cases were positive for p53 (Figure 1 a). Three
cases were negative for immunostain. Cells in squamous
dysplasia were positive for p53 in all three cases exam-
ined (Figure 2a). In normal esophageal mucosa, immu-
noreactivity of p53 was observed sporadically in basal
and parabasal cells of the mucosa in three cases (Table
1). Immunoreactivity described earlier was not observed
when incubating with 0.01 mol/l PBS or non-immune
mouse serum instead of the primary antibody.

In Situ Hybridization

Hybridization signals of p53 were observed as black sil-

ver dots on autoradiography. In all the cases of invasive
squamous cell carcinoma, no significant accumulation of
hybridization signals was observed over the carcinoma
cells (Figure 1 b). The number of hybridization signals in
these carcinoma cells was almost equal to background
signals and those in the sections incubated with sense

oligonucleotide probe. There were no significant differ-
ences of hybridization signals between p53 positive and
negative cases of esophageal carcinoma.

In six cases of both macroscopically and histologi-
cally normal mucosa distant from the carcinoma, accu-
mulation of hybridization signals was observed in basal
and parabasal cells of the mucosa (Figure 3). Among
these six cases, only one was positive for p53 immuno-
reactivity. Increased hybridization signals were also ob-
served in morphologically normal mucosa adjacent to
carcinoma in these cases. Accumulation of hybridization
signals in these cells was not present in the sections hy-
bridized with a sense oligonucleotide probe. Intense hy-
bridization signals of p53 were observed in all the foci of
esophageal squamous dysplasia (Figure 2b). Sections
hybridized with an oligonucleotide probe of a sense ori-
entation did not yield accumulation of hybridization sig-
nals in the foci of squamous dysplasia described earlier
(Figure 2c).

Discussion

Correlation of overexpression of p53 with the presence of
DNA mutations has been demonstrated in human epithe-
lial ovarian cancer,15 primary breast cancer,3 lung can-

cer,16 and others. Simple immunohistologic methods can

detect overexpression of p53 without much difficulty and
provide strong evidence of p53 DNA mutations in surgi-
cal pathology specimens.16'17 Therefore, the basis of

Table 1. Summary ofImmunohistocbemisby and In Situ Hybridization

Carcinoma Dysplasia Normal mucosa

# Cases IHC ISH IHC ISH IHC ISH

1 -

2 ++ - +++ + - +
3 + -
4 + - +
5 ++ - ++ +
6 + - +
7 ++ - +
8 + -
9 - - +
10 +

11 +1+ +
12
13
14 - -
15 ++
16 + +
17 + - +
18
19 + -
20 ++++ +

IHC = immunohistochemistry; -: no positive cells; ±: positive cells <25%, +: positive cells 25-50%; + +: positive cells 50-75%, + + +:
positive cells 75< %. ISH = in situ hybridization; +: positive hybridization; -: negative hybridization.
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Figure 1. Left: Immunobistochemistry of p53 in invasive squamous cell carcinoma (case #17). Immunoreactivity was observed in carci-
noma cells, x300. Right: In situ hybridization of p53 in invasive squamous cell carcinoma (case #17). Black dots, i.e., silver grains on
autoradiogram represent hybridization signals. Accumulation of hybridization signals was not observed in the carcinoma cells, X300.

p53 overexpression in human malignancies should be
examined. In this study, we have used in situ hybridiza-
tion to examine mRNA expression of p53 in human
esophageal cancers, in which a high frequency of p53
abnormalities were previously reported.10'1821 An anal-
ysis of p53 mRNA expression can indicate whether p53
mRNA and protein levels may correspond in the speci-
mens in which overexpression of p53 was immunohisto-
chemically observed.9 Human carcinoma specimens are
composed of both viable and nonviable carcinoma in
addition to stromal cells. Therefore, when analyzing any

human materials, it is indispensable to correlate mRNA
expression with morphologic features of the specimens
studied. In situ hybridization may not provide quantitative
information on mRNA expression but can demonstrate
localization of mRNA expression. Human cancers com-
monly display mutations in the p53 gene and mutations
are scattered over 100 different base pairs.22 In human
esophageal carcinoma, high frequency of point muta-
tions in the p53 gene that result in amino-acid substitu-
tions or chain termination was reported in the regions of
exons 5_8.18.20 We have employed an antisense single-

Figure 2. Left: Immunohistochemisty of p53 in the esophageal
mucosa demonstrating squamous cell dysplasia (case #20). Dys-
plastic cells were immunobistochemically positivefor p53, x 300.
Right: In situ bybridization of p53 in the esopbageal mucosa
showng squamous cell dyspasi (case #20). Anti-senseprobe was
used Accumulation ofhybridization signals was observed in dys-
pklstic cells; x300. Bottom: In situ hybridization of p53 in the
esophageal mucosa shouwng squamous cell dysplasia (case #20).
Sense probe was used No specific hybridization signals uere ob-
servead, X300.
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Figure 3. In situ hybridization of p53 in histologically normal
esophageal mucosa. Accumulation of hybridization signals was
observed in basal and parabasal cells. Anti-sense oligonucleotide
probe was used, x300.

stranded synthetic oligonucleotide which hybridized with
DNA sequence near the 5' end, in which none of the
DNA mutations has been reported in human esophageal
cancers. This probe can theoretically detect mRNA ex-
pression of both wild type and a great majority of mutant
type p53, if transcriptionally active, because the oligonu-
cleotide recognizes the DNA sequence near the 5' end in
which mRNA transcription is considered to start. How-
ever, we did not perform DNA sequencing and therefore
did not directly confirm the absence of the DNA muta-
tions in the 5' region containing the ON102 hybridization
site. In addition, mutations in the p53 gene were reported
to be present outside exons 5-8 in human cancer.14
Therefore, we cannot completely rule out the possibility
that in situ hybridization study employing ON102 may not
detect expression of some mutant p53 mRNAs. The ap-
plication of synthetic oligonucleotides labeled with 35S-
nucleotides yields the following significant advantages
compared with conventional approaches of in situ hy-
bridization using cDNA or cRNA probes.23 1) A higher
specific activity probe is obtained than when tritium-
labeled probes are used, and 2) oligonucleotides permit
greater specificity than cDNA or cRNA probes, in that
redundant or conserved nucleotide sequences can be
avoided during probe design and synthesis. Thus, de-
spite the potential problems described earlier, the in situ
hybridization approach we have undertaken in this study
can successfully localize p53 mRNA expression in hu-
man esophageal carcinoma.

In all cases of invasive carcinoma examined, overex-
pression of mRNA was not observed in both immunohis-
tochemically positive and negative cases. This result is
consistent with the recent report of Davidoff et al who
demonstrated low levels of p53 mRNA expression in pri-
mary invasive human breast cancers by Northern blot-
ting.3 The result in our study at least indicates that wide-
spread overexpression of p53 in human esophageal

cancer observed by immunohistochemical staining is not
due to an increase in the steady-state level of p53 mRNA
of carcinoma cells. An interesting finding in this study is
overexpression of p53 in foci of squamous dysplasia.
Overexpression of p53 mRNA in the cells that exhibited
squamous dysplasia and were positive for p53 immuno-
reactivity suggests that some quantitative differences of
p53 mRNA expression exist between squamous carci-
noma cells associated with both cell atypia and invasion
and squamous dysplastic cells with cell atypia but not
invasion. Recently, Ledinko and Costantino demon-
strated that retinoid-mediated induction of suppression of
cell invasion was accompanied by an increase in
amounts of p53 mRNA.24 In addition, they reported that
expression of p53 was related to the degree of invasion-
suppression in the A549 human lung carcinoma cell
line.24 Therefore, overexpression of p53 mRNA in the
dysplastic cells, which are positive for p53 immunoreac-
tivity, may be related to the absence of histologically ob-
served invasion but it requires further investigations to
clarify the biological significance of p53 mRNA overex-
pression in dysplastic cells in human esophageal mu-
cosa.
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