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Lymph node metastasis is a major prognostic factor for esophageal squamous cell carcinoma
(ESCC). In recent years, endoscopic mucosal resection (EMR) has been developed with excellent
results for the treatment of the superficial ESCC. To make the EMR treatment successful, it is
important to establish a good indicator to identify ESCC patients at a high risk of lymph node
metastasis. In this study, we examined clinicopathological and immunohistochemical factors to
investigate the factors involved in lymph node metastasis of ESCC invading to the submucosal
layer (sm-ESCC). Surgical specimens from 84 sm-ESCC patients were examined. Among 84 sm-
ESCC patients, 33 (39.3%) had lymph node metastases. Clinicopathologically, tumor depth, lym-
phatic invasion and blood vessel invasion showed significant correlations with lymph node metasta-
sis by univariate analysis. Tumor depth and lymphatic invasion showed significant correlations by
multivariate analysis of these factors. Immunohistochemically, P53 accumulation was observed in
45 cases (53.6%), cyclin D1 overexpression in 25 (29.8%), and pRB in 65 (77.4%). P53 accumula-
tion, cyclin D1 overexpression and MIB-1 Labeling Index were significantly associated with lymph
node metastasis by univariate analysis, and P53 accumulation showed a significant correlation with
lymph node metastasis by multivariate analysis. Among tumor depth, lymphatic invasion and P53
accumulation, tumor depth and lymphatic invasion were significantly correlated with lymph node
metastasis (P====0.0023 and P====0.0092, respectively) by multivariate analysis. These data suggest that
tumor depth and lymphatic invasion can be considered as good indicators for lymph node metasta-
sis among patients with sm-ESCC. In addition, P53 accumulation could be helpful to identify the
patients who need additional treatment after EMR.
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The prognosis for esophageal squamous cell carcinoma
(ESCC) remains unsatisfactory, despite the recent
advances in diagnosis and treatment. This is partly
because ESCC with lymph node metastasis frequently
develops recurrence even after curative resection. Cur-
rently, chemotherapy and/or radiation therapy are per-
formed for the recurrence of ESCC, but the outcome is not
satisfactory. Therefore, the status of lymph node metasta-
sis at the operation is a major prognostic factor after surgi-
cal treatment for ESCC.1)

It has been reported that only 1–5% of ESCC patients
in whom ESCC remains within the mucosal layer exhibit
lymph node metastasis. However, 30–50% of ESCC
patients exhibit lymph node metastasis when the carci-
noma cells have invaded the submucosal layer.2–6) In the
course of progression, carcinoma cells change their
genetic characteristics. It is possible that genetic changes
occur during invasion from the mucosal layer to the
adventitia in ESCC. From this point of view, investigation

of factors involved in lymph node metastasis of ESCC
invading to the submucosal layer (sm-ESCC) could lead to
the identification of potent factors regulating lymph node
metastasis of ESCC.

In recent years, endoscopic mucosal resection (EMR)
for the treatment of mucosal ESCC has been developed.7–9)

This technique is beneficial because it is safe, easy, and
above all, esophagus-preserving. As an indication for
EMR, the detection of lymph node metastasis is critical.
Even though the use of computed tomography and endo-
scopic ultrasonography is helpful to diagnose lymph node
metastasis, it is not possible to predict the future risk for
lymph node metastasis. Therefore, it is important to estab-
lish a good indicator to predict ESCC patients with a high
risk of lymph node metastasis, using sections from the pri-
mary lesion.

Therefore, in this study, we examined clinicopathologi-
cal factors and the status of P53, cyclin D1, pRB, and
MIB-1 immunohistochemically to investigate the factors
involved in lymph node metastasis of sm-ESCC.
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PATIENTS AND METHODS

Patients  The subjects of this study were 84 sm-ESCC
patients who underwent esophagectomy with lymph node
dissection at the Tokyo Medical and Dental University
Hospital between 1985 and 1995. Their informed consent
for the study was obtained. The ages of the 75 male and 9
female patients ranged from 34 to 78 years (mean±SD,
62.5±9.0 years), and none of them had received chemo-
therapy and/or radiation therapy prior to surgery. Twenty-
eight tumors were located in the upper third of the esopha-
gus, 42 in the middle third, and 14 in the lower third.
Histopathological examinations  Histopathological exam-
ination was performed on the basis of the Guide Lines
for the Clinical and Pathologic Studies on Carcinoma of
the Esophagus.10) The depth of invasion of sm-ESCC was
subclassified into 3 groups according to the following
criteria: sm1, carcinoma invasion beyond the muscularis
mucosae with invasion to the shallow strata (upper one-
third) of the submucosal layer; sm2, carcinoma invasion
into the middle strata (middle third) of the submucosal
layer; sm3, massive carcinoma invasion into the lower
strata (lower third) of the submucosal layer (Fig. 1).2, 11–13)

Immunohistochemical staining  Immunohistochemical
staining for P53, MIB-1, pRB, and cyclin D1 was per-
formed on serial sections containing the most invasive

lesion in the tumors of all 84 patients. Anti-P53 mono-
clonal antibody (DO-7, DAKO, Glostrup, Denmark) was
used at a dilution with 1:100, cyclin D1 (DCS-6, DAKO)
1:1000, pRB (G3-245, Pharmingen, San Diego, CA)
1:500, and anti-MIB-1 (Immunotech, Marseille, France)
1:50. Immunohistochemical staining was performed by
the avidin-biotin-peroxidase complex method, using a
Histofine SAB-PO (M) detector kit (Nichirei Co., Tokyo).
In brief, paraffin-embedded specimens were sliced 3 µm
thick, deparaffinized in xylene, then rehydrated through
graded alcohol on glass slides. For P53 staining, the sec-
tions were heated in a microwave oven in 0.01 M citrate
buffer (pH 6.0) at 100°C for 15 min. For cyclin D1, pRB
and MIB-1 staining, sections were treated by heating at
121°C for 10 min in an autoclave. Following 30 min incu-
bation in 0.3% H2O2 in 100% methanol to inhibit endoge-
nous peroxidase activity, the sections were incubated in
normal goat serum to reduce nonspecific binding. The sec-
tions were incubated overnight with the primary antibody
at 4°C, and then incubated in biotinylated goat anti-mouse
IgG at room temperature for 10 min. Following 3 washes
with phosphate-buffered saline (PBS), streptavidin-biotin-
peroxidase complex was applied and the sections were
visualized using diaminobenzidine and counterstained with
hematoxylin. Normal mouse serum was used as a negative
control for the primary antibody.
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Fig. 1. (a) Schema of the subclassification of esophageal squamous cell carcinoma invading the submucosal layer. sm1, carcinoma
invasion beyond the muscularis mucosae with invasion to the shallow strata (upper one-third) of the submucosal layer; sm2, carcinoma
invasion into the middle strata (middle third) of the submucosal layer; sm3, massive carcinoma invasion into the lower strata (lower
third) of the submucosal layer. (b) The microscopic finding of a tumor invading sm3. Hematoxylin and eosin stain (original magnifica-
tion, ×2). ep, the mucosal epithelium; lpm, the lamina propria; mm, the muscularis mucosae; mp, the muscularis propria.
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Evaluation  Protein expression was evaluated mostly at
the invasive edge in the submucosal layer. For P53 and
cyclin D1 staining, when more than 10% of the carcinoma
cells were distinctly positive for nuclear staining, the spec-
imen was scored as positive (Fig. 2, a and b).14, 15) For pRB
staining, when strong nuclear staining was recognized in
fewer than 10% of the carcinoma cells, or when all carci-
noma nests had 10–25% of pRB-positive staining cells
showing a scattered staining pattern, the specimen was
scored as negative (Fig. 2c).16) MIB-1 Labeling Index was
calculated as the number of distinct positive cells divided
by the total number of examined cells (Fig. 2d). For the
evaluation, more than 2000 carcinoma cells were counted
by 2 experienced observers who were masked as to the
clinical outcome. The results were compared, and any dis-
crepancies were resolved by discussion.
Statistical evaluation  Univariate analysis was performed
by applying the χ2 test and unpaired Student’s t test. The
values of Age and MIB-1 Labeling Index were expressed
as the mean±SD. Multivariate analysis was performed by
logistic regression analysis. All the statistical evaluations
were performed by Stat View 5.0 for Macintosh
(HULINKS Inc., Tokyo). P<0.05 was considered statisti-
cally significant.

RESULTS

Correlations between lymph node metastasis and clini-
copathological findings  Among our 84 sm-ESCC
patients, 33 (39.3%) had lymph node metastasis. Table I
shows the clinicopathological findings of the primary
tumors. Sex, age, and tumor location showed no associa-
tion with lymph node metastasis. Histopathologically,

univariate analysis showed that tumor depth, lymphatic
invasion, and blood vessel invasion were significantly cor-
related with lymph node metastasis (P<0.0001, P<0.0001,
and P=0.0037, respectively). Univariate analysis of clini-
copathological factors showed that tumor depth was sig-
nificantly correlated with lymphatic invasion and blood
vessel invasion (P=0.0002 and P<0.0001, respectively,
data not shown). Multivariate analysis of tumor depth,
lymphatic invasion, and blood vessel invasion showed that
tumor depth and lymphatic invasion were significantly
correlated with lymph node metastasis (P=0.0031 and
P=0.0116, respectively). These results suggested that the
deeper the carcinoma cell invasion in submucosal layer,
the higher the risk of lymphatic and blood vessel invasion
and lymph node metastasis, and that tumor depth and lym-
phatic invasion could become good indicators to predict
lymph node matastasis of sm-ESCC.
Correlation between lymph node metastasis and immu-
nohistochemical findings  Immunohistochemical exami-
nations of P53, cyclin D1, pRB, and MIB-1 were
performed for 84 sm-ESCC specimens. P53 accumulation
was found in 45 cases (53.6%), and cyclin D1 overexpres-
sion was observed in 25 cases (29.8%). Positive immu-
nostaining for pRB was observed in 65 cases (77.4%).
The mean±SD value of MIB-1 Labeling Index was
34.37±12.65. Table II shows the correlations between
lymph node metastasis and the immunohistochemical find-
ings. Univariate analysis showed that P53 accumulation,
cyclin D1 overexpression, and MIB-1 Labeling Index
were significantly correlated with lymph node metastasis
(P=0.0046, P=0.0412, and P=0.0483, respectively). Uni-
variate analysis between clinicopathological factors and
immunohistochemical findings showed that P53 accumu-

Fig. 2. Immunostainings with each
antibody used in this study. (a) P53,
(b) cyclin D1, (c) pRB, and (d) MIB-1
(original magnification, ×200).
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Table I. Relationship between Lymph Node Metastasis and Clinicopathological Findings

Lymph node
metastasis positive

(n=33, %)

Lymph node
metastasis negative

(n=51, %)

Univariate analysis Multivariate analysis

P value P value Odds ratio 95% confidence 
intervals

Sex 0.7374 not analyzed
Male 29 (87.9) 46 (90.2)
Female 4 (12.1) 5 (9.8)

Age 61.79±10.38 62.90±8.10 0.5835 not analyzed

Tumor location 0.5227 not analyzed
Upper 13 (39.4) 15 (29.4)
Middle 14 (42.4) 28 (54.9)
Lower 6 (18.2) 8 (15.7)

Tumor depth <0.0001 0.0031 6.380 1.870–21.769
sm1 0 (0) 9 (17.6)
sm2 5 (15.2) 24 (47.1)
sm3 28 (84.8) 18 (35.3)

Lymphatic invasion <0.0001 0.0116 15.675 1.849–132.908
Positive 32 (97.0) 28 (54.9)
Negative 1 (3.0) 23 (45.1)

Blood vessel invasion 0.0037 0.5707 1.397 0.440–4.438
Positive 23 (69.7) 19 (37.3)
Negative 10 (30.3) 32 (62.7)

Histopathological grading 0.942 not analyzed
Well differentiated 4 (12.1) 7 (13.7)
Moderately differentiated 20 (60.6) 29 (56.9)
Poorly differentiated 9 (27.3) 15 (29.4)

Table II. Relationship between Lymph Node Metastasis and Immunohistochemical Findings

Lymph node
metastasis positive

(n=33, %)

Lymph node 
metastasis negative

(n=51, %)

Univariate analysis Multivariate analysis

P value P value Odds ratio 95% confidence 
intervals

P53 expression 0.0046 0.0043 4.383 1.588–12.098
Positive 24 (72.7) 21 (41.2)
Negative 9 (27.3) 30 (58.8)

Cyclin D1 expression 0.0412 0.0633 2.673 0.947–7.547
Positive 14 (42.4) 11 (21.6)
Negative 19 (57.6) 40 (78.4)

MIB-1 Labeling Index 37.85±12.71 32.28±2.24 0.0483 0.0533 0.962 0.924–1.001

pRB expression 0.7748 not analyzed
Positive 25 (75.8) 40 (78.4)
Negative 8 (24.2) 11 (21.6)
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lation had no correlation with clinicopathological fac-
tors (data not shown). On the other hand, cyclin D1
overexpression showed a significant correlation with blood
vessel invasion (P=0.0317, data not shown). In terms of
MIB-1 Labeling Index, there was a significant relationship
between sm2 and sm3 (P=0.0233, data not shown). Multi-
variate analysis of P53 expression, cyclin D1 expression,
and MIB-1 Labeling Index showed that P53 accumulation
was significantly correlated with lymph node metastasis
(P=0.0043). These results suggested that P53 accumula-
tion could be a good predictor for lymph node metastasis
of sm-ESCC immunohistochemically.
Multivariate analysis of clinicopathological and immu-
nohistochemical factors for lymph node metastasis of
sm-ESCC  In terms of clinicopathological findings, tumor
depth and lymphatic invasion were significantly correlated
with lymph node metastasis of sm-ESCC. On the other
hand, P53 expression had a significant relationship to
lymph node metastasis of sm-ESCC immunohistochemi-
cally. Therefore, these factors were examined by multi-
variate analysis to establish the best indicator for lymph
node metastasis of sm-ESCC. Multivariate analysis
showed that tumor depth and lymphatic invasion were
significantly correlated with lymph node metastasis
(P=0.0023 and 0.0092, respectively, Table III: analysis A).
This suggested that tumor depth and lymphatic invasion
could become better indicators to predict lymph node
metastasis of sm-ESCC. On the other hand, in EMR sam-
ples, the evaluation of tumor depth is inadequate because
the entire submucosal layer can not be resected. In such
cases, lymphatic invasion could be the best indicator, and
P53 expression could be helpful to predict lymph node
metastasis of sm-ESCC (P=0.0029 and 0.0260, respec-
tively, Table III: analysis B).

DISCUSSION

In gastrointestinal carcinomas, the risk of lymph node
metastasis increases when carcinoma cells invade deeper
layers. As for ESCC, it has been reported that only 1–5%
of ESCC patients in whom ESCC is restricted to the
mucosal layer exhibit lymph node metastasis. However,
30–50% of ESCC patients exhibit lymph node metastasis
when the carcinoma cells invade the submucosal layer.2–6)

The 5-year survival rate for patients with lymph node
metastasis was significantly poorer than that for patients
without lymph node metastasis, and so lymph node
metastasis is a major prognostic factor for sm-ESCC.1)

Therefore, we immunohistochemically investigated factors
involved in lymph node metastasis of sm-ESCC invading
to the submucosa. P53, cyclin D1, pRB, and MIB-1 were
selected for immunohistochemical examinations, and
univariate analysis of these factors showed that P53 accu-
mulation could become a major risk factor for lymph node
metastasis.

p53 is a tumor suppressor gene product that undergoes
frequent alterations in various human carcinomas. Loss of
function of P53 protein occurs as a consequence of mis-
sense point mutation, allelic loss on chromosome 17,17–19)

or inactivation by viral proteins such as human papilloma
virus (HPV) E6,20) SV40 large T antigen,21, 22) and ade-
novirus E1B 55-kD.23) As a result, the downstream targets
of P53 are not appropriately regulated and such normal
functions as growth arrest,24) apoptosis,25, 26) and control of
genomic stability,27) are lost. This functional loss of P53
protein leads to the inhibition of activation of mdm2 trans-
activation and hence mdm2 protein synthesis.28) Degrada-
tion of P53 is regulated by the ubiquitin-proteasome
pathway,29) and mdm2 protein has been reported as an E3
ubiquitin ligase for P53 ubiquitination.30, 31) In normal
cells, this interaction between P53 and mdm2 keeps the
P53 protein level at a low, often undetectable by immuno-
histochemistry, level.18, 19) On the other hand, mutations of
P53 prevent this interaction, lead to the accumulation of
non-functional P53 protein, and as the result, allow detec-
tion by immunohistochemistry.32, 33) However, immunohis-
tochemically detected P53 protein does not always reflect
the functional loss of P53.34) With cellular stresses such as
DNA damage, heat shock, and hypoxia, the phosphoryla-
tion status of P53 could be altered.35, 36) This alteration
results in modulation of P53 and mdm2 interaction, lead-
ing to accumulation of functional P53 protein, which
causes cell death and/or cell cycle arrest. Furthermore, it
has been reported that overexpression of ARF, which can
bind to and negatively regulate mdm2, leads to abrogation
of mdm2-targeted destabilization of P53, and accumula-
tion of functional P53 protein.37) In these cases, P53 can be
detected immunohistochemically, and whether detected

Table III. Multivariate Analysis with Lymph Node Metastasis

Factor
Multivariate analysis A Multivariate analysis B

P value Odds ratio 95% confidence intervals P value Odds ratio 95% confidence intervals

Tumor depth 0.0023 6.610 1.958–22.320 not analyzed
Lymphatic invasion 0.0092 17.691 2.036–153.743 0.0029 23.667 2.941–190.440
P53 expression 0.0603 2.979 0.954–9.306 0.0260 3.275 1.152–9.305
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P53 is functional or not is undistinguishable. These may
be the reasons why P53 accumulation has been reported
to show no correlation with the prognosis of ESCC
patients,38–45) and why in our study, multivariate analysis
of clinicopathological and immunohistochemical factors
for lymph node metastasis did not show a significant rela-
tionship between P53 accumulation and lymph node
metastasis, although P53 accumulation showed significant
relationship with lymph node metastasis by univariate and
multivariate analysis focusing on immunohistochemical
factors.

Our study demonstrated that tumor depth, lymphatic
invasion, and P53 accumulation could be good indicators
for lymph node metastasis of sm-ESCC. Recently, EMR
has become important for patients with superficial ESCC
because it is safe, easy, and above all, esophagus-
preserving.7–9) To make treatment with EMR successful, it
is necessary to predict the future risk for lymph node
metastasis and possible need for additional surgical resec-
tion. However, in terms of the pathological examination of
tumor samples resected by EMR, the evaluation of tumor
depth is inadequate because the entire submucosal layer
can not be resected. Tajima et al.46) classified the tumor
depth of sm-ESCC as the distance from the lower edge of
the lamina muscularis to the deepest portion of the invad-

ing tumor, and examined the relationship with lymph node
metastasis. They reported that lymphatic invasion corre-
lated with lymph node metastasis, and tumor depth
showed no significant relationship with lymph node metas-
tasis. Therefore, it is necessary to establish a new classi-
fication of tumor depth to make treatment with EMR suc-
cessful. At the same time, our study showed that P53
accumulation by immunohistochemistry could be helpful
when tumor depth could not be examined.

In conclusion, tumor depth and lymphatic invasion are
good clinicopathological indicators to predict lymph node
metastasis of sm-ESCC. In addition, P53 accumulation by
immunohistochemistry is considered helpful to identify the
patients who need additional surgical resection after EMR.

ACKNOWLEDGMENTS

We are grateful to Mrs. K. Gomisawa for her expert technical
assistance and Dr. Y. Ohkura (Department of Pathology, Tokyo
Metropolitan Cancer Detection Center) for providing materials.
This work was supported in part by a Grant-in-Aid from the
Ministry of Education, Culture, Sports, Science and Technology,
Japan.

(Received October 4, 2001/Revised December 25, 2001/
Accepted January 11, 2002)

REFERENCES

1) Endo, T.  A research of factors determing the prognosis
of patients with esophageal cancer using multivariate
analysis—by Cox’s proportional hazards model.  Jpn. J.
Gastroenterol. Surg., 25, 1191–1200 (1992).

2) Endo, M. and Kawano, T.  Detection and classification of
early squamous cell esophageal cancer.  Dis. Esophagus,
10, 155–158 (1997).

3) Bogomoletz, W. V., Molas, G., Gayet, B. and Potet, F.
Superficial squamous cell carcinoma of the esophagus—a
report of 76 cases and review of the literature.  Am. J. Surg.
Pathol., 13, 535–546 (1989).

4) Ide, H., Nogami, A., Hanashi, T., Endo, T., Kubota, N.,
Nakamura, T., Muroi, M., Eguchi, R., Kobayashi, A., Habu,
F., Yamada, A. and Murata, Y. A clinical study on progno-
sis of submucosal esophageal cancer.  Stomach and Intes-
tine, 25, 1067–1074 (1990) (in Japanese).

5) Watanabe, H., Tada, T., Iwabuchi, M., Ajioka, Y. and
Motoyama, T.  New definition and macroscopic characteris-
tics of early carcinoma of the esophagus.  Stomach and
Intestine, 22, 1075–1086 (1990) (in Japanese).

6) Goseki, N., Koike, M. and Yoshida, M.  Histopathologic
characteristics of early stage esophageal carcinoma.  Can-
cer, 69, 1088–1093 (1992).

7) Inoue, H. and Endo, M.  Endoscopic esophageal mucosal
resection using a transparent tube.  Surg. Endosc., 4, 198–
201 (1990).

8) Kawano, T., Miyake, S., Yasuno, M., Takamatsu, S., Katoh,

S., Nakamura, H., Sugihara, K., Hatano, M., Yoshino, K.,
Takeshita, K., Inoue, H., Yamagiwa, A. and Endo, M.  A
new technique for endoscopic esophageal mucosectomy
using a transparent overtube with intraluminal negative
pressure (np-EEM).  Dig. Endosc., 3, 159–167 (1991).

9) Inoue, H., Takeshita, K., Hori, H., Muraoka, Y.,
Yoneshima, H. and Endo, M.  Endoscopic mucosal resec-
tion with a cap-fitted panendoscope for esophagus, stomach,
and colon mucosal lesions.  Gastrointest. Endosc., 39, 58–
62 (1993).

10) Japanese Society for Esophageal Diseases. “Guide Lines for
the Clinical and Pathologic Studies on Carcinoma of the
Esophagus,” 9th Ed., pp. 1–93 (1999).

11) Nabeya, K. and Nakata, Y.  Extent of resection and lym-
phadenectomy in early squamous cell esophageal cancer.
Dis. Esophagus, 10, 159–161 (1997).

12) Tachibana, M., Yoshimura, H., Kinugasa, S., Hashimoto,
N., Dhar, D. K., Abe, S., Monden, N. and Nagasue, N.
Clinicopathological features of superficial squamous cell
carcinoma of the esophagus.  Am. J. Surg., 174, 49–53
(1997).

13) Kodama, M. and Kakegawa, T.  Treatment of superficial
cancer of the esophagus: a summary of responses to a ques-
tionnaire on superficial cancer of the esophagus in Japan.
Surgery, 123, 432–439 (1998).

14) Coggi, G., Bosari, S., Roncalli, M., Graziani, D., Bossi, P.,
Viale, G., Buffa, R., Ferrero, S., Piazza, M., Blandamura,



Lymph Node Metastasis of Esophageal Cancer

311

S., Segalin, A., Bonavina, L. and Peracchia, A.  p53 protein
accumulation and p53 gene mutation in esophageal
carcinoma—a molecular and immunohistochemical study
with clinicopathologic correlations.  Cancer, 79, 425–432
(1997).

15) Takeuchi, H., Ozawa, S., Ando, N., Shih, C. H., Koyanagi,
K., Ueda, M. and Kitajima, M.  Altered p16/MTS1/
CDKN2 and cyclin D1/PRAD-1 gene expression is associ-
ated with the prognosis of squamous cell carcinoma of the
esophagus.  Clin. Cancer Res., 3, 2229–2236 (1997).

16) Xing, E. P., Yang, G. Y., Wang, L. D., Shi, S. T. and Yang,
C. S.  Loss of heterozygosity of the Rb gene correlations
with pRb protein expression and associates with p53 alter-
ation in human esophageal cancer.  Clin. Cancer Res., 5,
1231–1240 (1999).

17) Greenblatt, M. S., Bennett, W. P., Hollstein, M. and Harris,
C. C.  Mutations in the p53 tumor suppressor gene: clues to
cancer etiology and molecular pathogenesis.  Cancer Res.,
54, 4855–4878 (1994).

18) Ko, L. J. and Prives, C.  p53: puzzle and paradigm.  Genes
Dev., 10, 1054–1072 (1996).

19) Levine, A. J.  P53, the cellular gatekeeper for growth and
division.  Cell, 88, 323–331 (1997).

20) Scheffner, M., Werness, B. A., Huibregtse, J. M., Levine,
A. J. and Howley, P. M.  The E6 oncoprotein encoded by
human papillomavirus types 16 and 18 promotes the degra-
dation of p53.  Cell, 63, 1129–1136 (1990).

21) Lane, D. P. and Crawford, L.  T antigen is bound to a host
protein in SV40 transformed cells.  Nature, 278, 261–263
(1979).

22) Linzer, D. I. and Levine, A. J.  Characterization of a 54K
dalton cellular SV40 tumor antigen present in SV40-trans-
formed cells and uninfected embryonal carcinoma cells.
Cell, 17, 43–52 (1979).

23) Kao, C. C., Yew, P. R. and Berk, A. J.  Domains required
for in vitro association between the cellular p53 and the
adenovirus 2 E1B 55K proteins.  Virology, 179, 806–814
(1990).

24) El-Deiry, W. S., Tokino, T., Velculescu, V. E., Levy, D. B.,
Parsons, R., Trent, J. M., Lin, D., Mercer, E., Kinzler, K.
W. and Vogelstein, B.  WAF1, a potential mediator of p53
tumor suppression.  Cell, 75, 817–825 (1993).

25) Lowe, S. W., Schmitt, E. M., Smith, S. W., Osborne, B.
A. and Jacks, T.  p53 is required for radiation-induced
apoptosis in mouse thymocytes.  Nature, 362, 847–849
(1993).

26) Clarke, A. R., Purdie, C. A., Harrison, D. J., Morris, R. G.,
Bird, C. C., Hooper, M. L. and Wyllie, A. H.  Thymocyte
apoptosis induced by p53-dependent and independent path-
ways.  Nature, 362, 849–852 (1993).

27) Kastan, M. B., Zhan, Q., El-Deiry, W. S., Carrier, F., Jacks,
T., Walsh, W. V., Plunkett, B. S., Vogelstein, B. and
Fornace, A. J., Jr.  A mammalian cell cycle checkpoint
pathway utilizing p53 and GADD45 is defective in ataxia-
telangiectasia.  Cell, 71, 587–597 (1992).

28) Wu, X., Bayle, J. H., Olson, D. and Levine, A. J.  The p53-

mdm-2 autoregulatory feedback loop.  Genes Dev., 7,
1126–1132 (1993).

29) Maki, C. G., Huibregtse, J. M. and Howley, P. M.  In vivo
ubiquitination and proteasome-mediated degradation of p53.
Cancer Res., 56, 2649–2654 (1996).

30) Honda, R., Tanaka, H. and Yasuda, H.  Oncoprotein
MDM2 is a ubiquitin ligase E3 for tumor suppressor p53.
FEBS Lett., 420, 25–27 (1997).

31) Honda, R. and Yasuda, H.  Association of p19ARF with
mdm2 inhibits ubiquitin ligase activity of mdm2 for tumor
suppressor p53.  EMBO J., 18, 22–27 (1999).

32) Baas, I. O., Mulder, J. W., Offerhaus, J. A., Vogelstein, B.
and Hamilton, S. R.  An evaluation of six antibodies for
immunohistochemistry of mutant p53 gene product in archi-
val colorectal neoplasms.  J. Pathol., 172, 5–12 (1994).

33) Lambkin, H. A., Mothersill, C. M. and Kelehan, P.  Varia-
tions in immunohistochemical detection of p53 protein
overexpression in cervical carcinomas with different anti-
bodies and methods of detection.  J. Pathol., 172, 13–18
(1994).

34) Wynford-Thomas, D.  p53 in tumor pathology: can we trust
immunohistochemistry?  J. Pathol., 166, 329–330 (1992).

35) Shieh, S. Y., Ikeda, M., Taya, Y. and Prives, C.  DNA dam-
age-induced phosphorylation of p53 alleviates inhibition by
mdm2.  Cell, 91, 325–334 (1997).

36) Siliciano, J. D., Canman, C. E., Taya, Y., Sakaguchi, K.,
Appella, E. and Kastan, M. B.  DNA damage induces phos-
phorylation of the amino terminus of p53.  Genes Dev., 11,
3471–3481 (1997).

37) Kamijo, T., Weber, J. D., Zambetti, G., Zindy, F., Roussel,
M. F. and Sherr, C. J.  Functional and physical interactions
of the ARF tumor suppressor with p53 and mdm2.  Proc.
Natl. Acad. Sci. USA, 95, 8292–8297 (1998).

38) Shimaya, K., Shinozaki, H., Inoue, M., Tahara, H.,
Monden, T., Shimano, T. and Mori, T.  Significance of p53
expression as a prognostic factor in oesophageal squamous
cell carcinoma.  Virchows Arch. A Pathol. Anat. Histo-
pathol., 422, 271–276 (1993).

39) Sarbia, M., Porscen, R., Borchard, F., Horstmann, O.,
Willers, R. and Gabbert, H. E.  p53 protein expression and
prognosis in squamous cell carcinoma of the esophagus.
Cancer, 74, 2218–2223 (1994).

40) Wang, D. Y., Xiang, Y. Y., Tanaka, M., Li, X. R., Li, J. L.,
Shen, Q., Sugimura, H. and Kino, I.  High prevalence of
p53 protein overexpression in patients with esophageal can-
cer in Linxian, China and its relationship to progression and
prognosis.  Cancer, 74, 3089–3096 (1994).

41) Ikeguchi, M., Saito, H., Katano, K., Tsujitani, S., Maeta, M.
and Kaibara, N.  Clinicopathologic significance of the
expression of mutated p53 protein and the proliferative
activity of cancer cells in patients with esophageal squa-
mous cell carcinoma.  J. Am. Coll. Surg., 185, 398–403
(1997).

42) Inada, S., Koto, T., Futami, K., Arima, S. and Iwashita, A.
Evaluation of malignancy and the prognosis of esophageal
cancer based on an immunohistochemical study (p53, E-



Jpn. J. Cancer Res. 93, March 2002

312

cadherin, epidermal growth factor receptor).  Surg. Today,
29, 493–503 (1999).

43) Wang, L. S., Chow, K. C., Chi, K. H., Liu, C. C., Li, W. Y.,
Chiu, J. H. and Huang, M. H.  Prognosis of esophageal
squamous cell carcinoma: analysis of clinicopathological
and biological factors.  Am. J. Gastroenterol., 94, 1933–
1940 (1999).

44) Kanamoto, A., Kato, H., Tachimori, Y., Watanabe, H.,
Nakanishi, Y., Kondo, H., Yamaguchi, H., Gotoda, T.,
Muro, K. and Matsumura, Y.  No prognostic significance of
p53 expression in esophageal squamous cell carcinoma.  J.

Surg. Oncol., 72, 94–98 (1999).
45) Chyczewski, L., Kozlowski, M., Niklinski, J., Szyszko, J.,

Laudanski, J. and Niklinska, W.  p53 protein expression in
resected invasive esophageal cancer.  Neoplasma, 46, 150–
155 (1999).

46) Tajima, T., Nakanishi, Y., Ochiai, A., Tachimori, Y., Kato,
H., Watanabe, H., Yamaguchi, H., Yoshimura, K., Kusano,
M. and Shimoda, T.  Histopathologic findings predicting
lymph node metastasis and prognosis of patients with super-
ficial esophageal carcinoma.  Cancer, 88, 1285–1293
(2000).


