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Abstract. The tumour suppressor gene product p53 is
believed to play an important role in the progression
of human malignant tumours through mutation and
over-expression. Using a microwave oven heating meth-
od, we have detected over-expression of p53 in buffered-
formalin fixed, paraffin-embedded sections of oesopha-
geal carcinomas immunohistochemically and examined
the relationship between the p53 over-expression and
postoperative survival. Employing a monoclonal anti-
body (pAb1801), nuclear p53 was detected in 56 of 105
(53%) tumour specimens. Homogeneous, heteroge-
neous, and focal immunostaining patterns were noted.
No immunostaining was found in adjacent benign tis-
sues. The results in buffered-formalin fixed sections were
similar to those in the frozen sections. The cumulative
survival rate of patients with p53 expression was signifi-
cantly lower than that of the patients without expression
(P <0.05), even though there were no significant differ-
ences between the clinicopathological features of the two
groups. The results indicate that the nuclear accumula-
tion of p53 might be an independent prognostic factor
in patients with oesophageal squamous cell carcinomas.
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Introduction

The nuclear phosphoprotein p53, located on the short
arm of chromosome 17p13.1 (Isobe et al. 1986), is a sup-
pressor of cell growth, but this function is abrogated
by mutation or deletion of the p53 gene (Finlay et al.
1989; Hinds et al. 1989; Nigro et al. 1989). Alterations
of the p53 gene are the most common genetic changes
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detected in various types of cancer (Baker et al. 1989;
Hollstein et al. 1991; Takahashi etal. 1989). These
changes play a critical role in the multiple stages of car-
cinogenesis.

Little is known, however, about the role of p53 in
the progression of human tumours, including oesopha-
geal cancer. Other investigators have demonstrated that
immunohistochemical detection of p53 (Banks et al.
1986) is associated with the presence of p53 mutation
in situ (Bartek et al. 1990a; Iggo et al. 1990; Rodrigues
et al. 1990), and several papers have described the nucle-
ar accumulation of p53 in various tumours (Bennett
et al. 1991; Cattoretti et al. 1988; Iggo et al. 1990; Mar-
tin et al. 1992; Rodrigues et al. 1990) using immunohis-
tochemical analysis. But most of the previous studies
were performed on cryostat sections since long-term for-
malin fixation is not suitable for preserving the antigeni-
city of p53. To obtain access to well characterized archi-
val material and to patient populations with long-term
survival data, however, p53 expression must be exam-
ined in routinely processed, formalin-fixed, paraffin-em-
bedded material.

In the present study we applied the microwave oven
heating technique, shown to be effective in the retrieval
of masked epitopes of many antigens (Kerns et al. 1992;
Shi et al. 1991) and detected the accumulations of p53
in buffered-formalin fixed, paraffin-embedded sections
of 105 oesophageal carcinomas, using a monoclonal an-
tibody recognizing a p53 domain. We also analysed the
relationship between pS3 expression and clinical and
prognostic factors.

Materials and methods

Surgical specimens were obtained from 105 patients (92 male and
13 female), who had squamous cell carcinoma of the oesophagus
and underwent subtotal oesophagectomy with lymph node dissec-
tion in the Department of Surgery [I, Osaka University Medical
School between 1987 and 1991. The age of the patients ranged
from 41 to 80 years with a mean age of 61.7 years. None of them
received irradiation or chemotherapy prior to surgery. Additional-



Fig. 1A, B. Immunohistochemical staining of p53 in A frozen section and B buffered-formalin-fixed section from the same tumour
sample. ABC; methyl green counterstain. x 50

Fig. 2 A-C. Immunohistochemical localization of p53 in oesopha- in the adjacent normal epithelia. x 33. C p53 expression was also
geal squamous cell carcinoma. A p53 staining was confined to observed in metastatic cells in lymph node. x 100. Buffered-forma-
the nuclei of cancer cells. No cytoplasmic staining was observed. lin fixed, paraffin-embedded sections; ABC; methyl green counter-
x 100. B Nuclear staining was observed in cancer cells but not stain

Fig. 3A, B. Homogeneous staining pattern of p53. Virtually all the tumour cells show nuclear p53 expression. Buffered-formalin-fixed,
paraffin-embedded sections; A H&E staining and B immunohistochemical staining, methyl green counterstain. x 50
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Fig. 4 A-D. Heterogeneous staining pattern of p53. A There are
two morphologically different tumour components. H&E, x5. C
Histological evaluations of both components are moderately differ-
entiated squamous cell carcinoma. H&E, x25. B, D p53 accumula-
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tion was observed in the right half tumour component but not
in the left half. Immunohistochemical staining, methyl green coun-
terstain, B x5, D x 25

Fig. 5A, B. Focal staining pattern of p53. Few tumour cells show nuclear p53 expression. Buffered-formalin-fixed, paraffin-embedded
sections; A H&E, B immunohistochemical staining. methyl green counterstain, x 50

ly, metastatic lymph nodes were obtained from 72 patients at sur-
gery.

Representative samples of tumour, adjacent benign tissue, and
metastatic lymph nodes were fixed with 10% neutral buffered for-
malin (BF) and embedded in paraffin blocks. To test the usefulness
of this method, fresh frozen samples were also obtained from 30

of the patients. Serial sections, 4 pm thick, were prepared from
these BF-fixed and frozen samples, and mounted on poly-L-lysine-
coated slides (Sigma, St. Louis, Mo.) for immunohistochemistry.
A modified immunoglobulin enzyme bridge technique (avidin-
biotin-peroxidase complex method) was used for immunostaining.
After blocking the endogenous peroxidase activity for deparaffin-
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ized BF-fixed sections, the microwave oven heating technique (Shi
et al. 1991) was employed. In brief, the sections were placed in
glass jars containing 500 ml distilled water and heated in the micro-
wave oven (Panasonic model NE-M335) for 10 min. After heating
they were rinsed in 0.05 mol/l phosphate-buffered saline (PBS) and
incubated with 3.0% normal rabbit serum for 15 min to block
nonspecific conjugation in the tissues. To detect p53 protein, they
were incubated with primary anti-p53 monoclonal antibody
(pAb1801, Novocastra Laboratories, Newcastle, UK) at a dilution
of 1:50 for 24 h at 4° C. After washing with PBS, they were incu-
bated with biotinylated rabbit anti-mouse immunogiobulin [Histo-
fine SAB-PO (M) Kit, Nichirei Corporation, Tokyo, Japan] for
30 min at room temperature followed by peroxidase-conjugated
streptavidin [Histofine SAB-PO (M) Kit] for an additional 30 min.
Immune conjugate was visualized with 0.05 mol/l TRIS-hydrochlo-
ric acid (pH 7.6) containing both 0.02% (w/v) 3,3’-diaminobenzi-
dine tetrahydrochloride and 0.03% (v/v) hydrogen peroxide. Nega-
tive control sections in each run of staining were made using nor-
mal mouse IgG instead of anti-p53 antibody in these procedures.
Immunostaining for frozen sections was performed using the same
method as for the paraftfin-embedded sections without the micro-
wave oven heating technique.

The tumours were classified arbitarily as positive for p53 ex-
pression if any of the tumour cells manifested nuclear positivity.
Histological evaluation was assessed by haematoxylin and eosin
staining. The pathological classification was based on the TNM
classification of malignant tumours. The data examined in this
study were tumour depth (T), lymph node status (N), distant metas-
tasis (M), TNM stage, and histological grade of the tumour.

Postoperative status of the patients was examined on 15 July
1992, at which time the mean term of follow up was 619 days.
The cumulative survival rates were calculated by the Kaplan-Meier
method and the statistical significance was analysed by the general-
ized Wilcoxon test. The other statistical differences of the data
were analysed by chi-square test.

Results

Reactivity with the anti-p53 antibody could be clearly
demonstrated in deparaffinized sections made from BF-
fixed, paraffin-embedded tissues of oesophageal carcino-
mas. A direct comparative study of p53 expression in
BF-fixed sections and frozen sections produced almost
identical results. As shown in Table 1, 15 tumours (50%)
were positive and 13 tumours (43%) were negative in
both assays. Overall, identical staining, either positive
or negative, was observed in 28 of 30 tumours (93%).
Figure 1 shows representative immunostaining in frozen
(Fig. 1A) and BF-fixed (Fig. 1B) sections of the same
tumour sample. Of the 105 tumour samples from the
oesophagus, 56 (53%) contained cells expressing p53 in
their nuclei without cytoplasmic staining (Fig. 2A). Nor-
mal oesophageal epithelia or non-cancerous epithelia ad-
Jjacent to the tumours were negatively stained (Fig. 2B)

Table 1. Relationship between p53 expression in buffered-formalin
(BF)-fixed and frozen sections

P53 positive® p53 negative® Discordant Total

15 (50%) 13 (43%) 2(7%) 30 (100%)

® Both BF-fixed and frozen sections stained positive for the p53
protein
® Both BF-fixed and frozen sections stained negative for the p53
protein

Table 2. Staining patterns of p53-positive cases

Homogeneous pattern 39 69.6%
Heterogeneous pattern 6 10.7%
Focal pattern 11 19.6%
Total 56 100%

Table 3. Relationship between p53 expression in metastatic lymph
node (LN) and that in primary lesion

P53 expression
in metastatic LN

No. +) (=)
P53 expression (+) 39 32 7
in primary lesion (-) 33 4 29
No. 72 36 36

Table 4. Relationship between pS53 expression and clinicopathologi-
cal factors in patients with oesophageal squamous cell carcinoma

No. examined No. positive (%)

TNM classification?®

pT1 25 14 (56.0)
pT2 17 10 (58.8)
pT3 51 26 (50.9)
pT4 12 6 (50.0)
pNO 33 17 (51.5)
pN1 7 39 (54.2)
Mo 102 54(52.9)
M1 3 2 (66.6)
Stage

I 17 8 (47.1)
la 13 8 (61.5)
IIb 22 13 (59.1)
11 50 25 (50.0)
v 3 2 (66.6)
Tumour grade®

1 31 13 (41.9)
2 41 25 (60.9)
3 33 18 (54.5)

* T, Tumour status T,, T,, T3, and T, spread to submucosa,
muscularis propria, adventitia, and adjacent structures, respective-
ly; N, nodal status; M, metastatic status

® Grade 1, well differentiated squamous cell carcinoma; grade 2,
moderately differentiated squamous cell carcinoma; grade 3, poor-
ly differentiated squamous cell carcinoma

and no immunostaining was noted in the negative con-
trol sections (data not shown).

Cases were considered positive if any of the tumour
cells manifested nuclear positivity. Three major staining
patterns of p53 were evident; homogeneous, heteroge-
neous, and focal (Figs. 3-5, Table 2). In the homoge-
neous type tumours, all the tumour cells were stained
positive (Fig. 3). In the heterogeneous type tumours,
there were clearly p53-positive and negative components
(Fig. 4). In the focal staining type tumours, only a few
tumour cells were stained positive (Fig. 5).



>
-
® © o
S o o

~
(=]

p53-negative (n=49)

D
(=]

W A
(= ]

p53-positive (n=56)

cumulative survival rate (%)
N [4)]
(=) o

—_
[=]

o

500 1000 1500 2000 2500
postoperative date (days) p<0.05

w
-
O N ® © Q9
S © & o6 &

p53-negative (n=33)

W A
[~ =]

p53-positive (n=39)

cumulative survival rate (%)
[4,]
o

500 1000 1500 2000 2500
postoperative date (days) p<0.01

Fig. 6A, B. The cumulative survival curves for patient groups di-
vided by p53 expression (Kaplan-Meier method). A Curves for
all the patients, B curves for patient groups with lymph node metas-
tasis

We also analysed p53 expression in the metastatic
lymph nodes of 72 patients and compared the staining
results with those of corresponding primary lesions (Fig.
2C, Table 3). Expression of p53 in the metastatic lymph
nodes was almost identical to that in the corresponding
primary lesions (61/72, 85%), although discordant stain-
ing was observed in some cases (11/72, 15%).

The relationship between p53 positivity in primary
lesions and clinicopathological factors is shown in Table
4. No statistically significant association was observed
between pS53 expression and clinicopathological features.

Figure 6A shows cumulative survival curves for p53-
positive and negative patients. A significant association
between positive nuclear staining and survival time was
observed. The survival rate of patients with p53 expres-
sion (median survival= 550 days; 5-year survival rate=
15%) was significantly lower than that of patients with-
out p53 expression (median survival =1219 days; 5-year
survival rate=45%) (P <0.05). Furthermore, in 72 pa-
tients with positive node involvement, pS53 expression
was also significantly correlated with a worse disease
outcome (Fig. 6 B), although there was no difference be-
tween the patient groups without lymph node metastasis
(data not shown).
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Discussion

In this study, nuclear p53 expression was observed in
53% of the oesophageal carcinomas employing anti-p53
monoclonal antibody in BF-fixed, paraffin-embedded
sections using the microwave oven heating technique.
This figure is similar to the results of previous studies
of human malignancies (Bartek et al. 1990b; Bennett
etal. 1991; Van den Berg et al. 1989). The results of
p53 staining in BF-fixed sections were identical to those
in frozen sections, confirming the usefulness of this
method as an alternative.

We were interested to note that some primary tu-
mours showed marked heterogeneous expression of p53
(Thompson et al. 1992) in the present study (heteroge-
neous pattern, 10.7% ; focal pattern, 19.6%). Compared
with the staining result with haematoxylin and cosin in
a parallel section (Fig. 4), heterogeneous expression is
apparently more likely to reflect tumour heterogeneity.
The difference between the staining results in the meta-
static lymph nodes and the corresponding primary le-
sions might be an outcome of this heterogeneity in p53
accumulation. It also underlines the importance of care
at the time of sampling a tumour tissue for DNA and
mRNA studies to avoid faulty evaluation of the tumour.

No significant correlation was found between clinico-
pathological factors and p53 expression in oesophageal
cancer patients. This result suggests that p53 is not asso-
ciated with determinants of malignant potential such as
invasion or metastasis, and that in oesophageal squa-
mous cell carcinoma at least, alteration of p53 may be
an early event in carcinogenesis, since p53 accumulation
was observed at almost the same rate in both the later
and the earlier stages.

Although there is a lack of correlation with estab-
lished prognostic indicators such as tumour grade and
TNM system, simple grouping of the pS53-positive tu-
mours regardless of staining pattern denotes a group
of patients with very poor survival. This is consistent
with reports on other human tumours (Iwaya et al. 1991;
Martin et al. 1992). Furthermore, we showed that p53
expression is correlated with a worse disease outcome
in patients with positive node involvement. Additionally,
Tamura et al. (1992) reported that short-term relapse
of oesophageal cancer is more frequent in patients with
a p53 gene mutation. All of these results in survival or
relapse suggest that p53 mutation may affect growth
rate of the tumour in vivo, as expected from results in
vitro (Baker et al. 1990; Eliyahu et al. 1989 ; Finlay et al.
1989).

The results of the present study indicate that nuclear
accumulation of p53 may be an independent prognostic
factor in oesophageal tumour. We believe that immuno-
histochemical analysis of nuclear p53 localization is use-
ful as a routine procedure for evaluating the malignant
potential of oesophageal squamous cell carcinoma, and
that a careful follow-up is necessary for cases showing
staining for nuclear p53.

Acknowledgements. The authors thank the late Dr. H. Morimoto
and Dr. H. Oka for helpful discussion, Miss J. Sugihara and Miss



276

Y. Naitoh for technical assistance, and Miss Y. Doine for preparing
the figures.

References

Baker SJ, Fearon ER, Nigro JM, Hamilton SR, Preisinger AC,
Jessup JM, VanTuinen P, Ledbetter DH, Barker DF, Naka-
mura Y, White R, Vogelstein B (1989) Chromosome 17 dele-
tions and p53 gene mutations in colorectal carcinomas. Science
244:217-221

Baker SJ, Markowitz S, Fearon ER, Willson JKV, Vogelstein B
(1990) Suppression of human colorectal carcinoma cell growth
by wild-type p53. Science 249:912-915

Banks L, Matlashewski G, Crawford L (1986) Isolation of human-
p53-specific monoclonal antibodies and their use in the studies
of human p53 expression. Eur J Biochem 159:529-534

Bartek J, Iggo R, Gannon J, Lane DP (1990a) Genetic and immu-
nochemical analysis of mutant p53 in human breast cancer cell
lines. Oncogene 5:893-899

Bartek J, Bartkova J, Vojtesek B, Staskova Z, Reijthar A, Kovarik
J, Lane DP (1990b) Patterns of expression of the p53 tumour
suppressor in human breast tissues and tumours in situ and
in vitro. Int J Cancer 46:839-844

Bennett WP, Hollstein MC, He A, Zhu SM, Resau JH, Trump
BF, Metcalf RA, Welsh JA, Midgley C, Lane DP, Harris CC
(1991) Archival analysis of p53 genetic and protein alterations
in Chinese oesophageal cancer. Oncogene 6:1779-1784

Cattoretti G, Rilke F, Andreola S, D’Amato L, Delia D (1988)
p53 expression in breast cancer. Int J Cancer 41:178-183

Eliyahu D, Michalovitz D, Eliyahu S, Pinhasi-Kimhi O, Oren M
(1989) Wild-type p53 can inhibit oncogene-mediated focus for-
mation. Proc Natl Acad Sci USA 86:8763-8767

Finlay CA, Hinds PW, Levine AJ (1989) The p53 proto-oncogene
can act as a suppressor of transformation. Cell 57:1083-1093

Hinds P, Finlay C, Levine AJ (1989) Mutation is required to acti-
vate the p53 gene for cooperation with the ras oncogene and
transformation. J Virol 63:739-746

Hollstein M, Sidransky D, Vogelstein B, Harris CC (1991) p53
mutations in human cancers. Science 253:49-53

Iggo R, Gatter K, Bartek J, Lane D, Harris AL (1990) Increased
expression of mutant forms of p53 oncogene in primary lung
cancer. Lancet 335:675-679

Isobe M, Emanuel BS, Givol D, Oren M, Croce CM (1986) Local-
ization of gene for human p53 tumour antigen to band 17p13.
Nature 320:84-85

Iwaya K, Tsuda H, Hiraide H, Tamaki K, Tamakuma S, Fukutomi
T, Mukai K, Hirohashi S (1991) Nuclear p53 immunoreaction
associated with poor prognosis of breast cancer. Jpn J Cancer
Res 82:835-840

Kerns BIM, Jordan PA, Moore MBH, Humphrey PA, Berchuck
A, Kohler MF, Bast RC, Iglehart JD, Marks JR (1992) p53
overexpression in formalin-fixed, paraffin-embedded tissue de-
tected by immunohistochemistry. J Histochem Cytochem
40:1047-1051

Martin HM, Filipe M1, Morris RW, Lane DP, Silvestre F (1992)
p53 expression and prognosis in gastric carcinoma. Int J Cancer
50:859-862

Nigro JM, Baker SJ, Preisinger AC, Jessup IM, Hostetter R, Cleary
K, Binger SH, Davidson N, Baylin S, Devilee P, Glover T,
Collins FS, Weston A, Modali R, Harris CC, Vogelstein B
(1989) Mutations in the p53 gene occur in diverse human tu-
mour types. Nature 342:705-708

Rodrigues NR, Rowan A, Smith ME, Kerr IB, Bodmer WF, Gan-
non JV, Lane DP (1990) P53 mutations in colorectal cancer.
Proc Natl Acad Sci USA 87:7555-7559

Shi SR, Key ME, Kalra KL (1991) Antigen retrieval in formalin-
fixed, paraffin-embedded tissues: an enhancement method for
immunohistochemical staining based on microwave oven heat-
ing of tissue sections. J Histochem Cytochem 39:741-748

Takahashi T, Nau MM, Chiba I, Birrer MJ, Rosenberg RK, Vino-
cour M, Levitt M, Pass H, Gazdar AF, Minna JD (1989) p53:
a frequent target for genetic abnormalities in lung cancer. Sci-
ence 246:491-494

Tamura G, Maesawa C, Suzuki Y, Satodate R, Ishida K, Saito
K (1992) p53 gene mutations in oesophageal cancer detected
by polymerase chain reaction single-strand conformation poly-
morphism analysis. Jpn J Cancer Res 83:559-562

Thompson AM, Anderson TJ, Condie A, Prosser J, Chetty U,
Carter DC, Evans HJ, Steel CM (1992) p53 allele losses, muta-
tions and expression in breast cancer and their relationship
to clinico-pathological parameters. Int J Cancer 50:528-532

Van den Berg FM, Tigges AJ, Schipper ME, Den Hartog-Jager
FC, Kroes WG, Walboomers JM (1989) Expression of the nu-
clear oncogene p53 in colon tumours. J Pathol 157:193-199



