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Summary. Small cell carcinoma is a rare neoplasm in
the esophagus. To evaluate cell proliferation activity and
its underlying mechanisms in this tumor, we examined
immunohistochemically 5 cases of small cell carcinoma
of the esophagus (SCCE) for expressions of tumor
suppressor proteins, oncoproteins and cell proliferation
markers including p53, p21 WAFL/CIPL  retinoblastoma
(Rb) protein, bcl-2, Ki-67 and PCNA, and compared the
results with those of 5 cases of small cell carcinoma of
the lung (SCCL) and 10 cases of squamous cell
carcinoma of the esophagus (SQCE). The prevalence
and labeling index of p53-immunoreactivity tended to
be higher in SCCE (4/5; 56.6%) and SCCL (4/5;
79.9%) than in SQCE (6/10; 48.8%). Expression of
p21 WAFI/CIP1 wag observed in 2 of 10 cases of SQCE.
In contrast, its expression could not be detected in any
cases of SCCE and SCCL examined. Expression of Rb
protein was observed in 9 out of 10 cases of SQCE, but
not in any cases of SCCE and SCCL. SCCE and SCCL
showed more frequent and intense immunoreactivity for
bel-2 than SQCE. In expression of cell proliferation
markers (Ki-67 and PCNA), no remarkable difference
was observed among SCCE, SCCL and SQCE. These
results suggest that SCCE and SCCL could share some
genetic alternations including mutation of p53, loss of
Rb gene and overexpression of bcl-2, and these may be
related to the similar biological potentials between the
two. Futhermore, SCCE was different from SQCE in
expression of Rb protein and bel-2, and these two types
of esophageal carcinoma could arise through different
molecular mechanisms.
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Introduction

Small cell carcinoma of the esophagus (SCCE) was
first described by McKeown in 1952 and since then
more than 200 cases have been reported in the literature
(Casas et al., 1997). Small cell carcinoma, histologically
indistinguishable from that of the lung, arises in a wide
variety of extrapulmonary sites, such as the larynx,
salivary gland, digestive tract, pancreas, uterus, prostate,
urinary bladder, thymus, skin, breast and so on, but its
incidence is very low when compared with that of the
lung (Galanis et al., 1997). Extrapulmonary small cell
carcinoma occurs not so infrequently in the esophagus,
and its incidence is reported to be 0.05% to 9.0% of all
esophageal tumors (Briggs and Ibrahim, 1983; Mori et
al., 1989; Sasajima et al., 1990; Huncharek and Muscat,
1995; Galanis et al., 1997). The highest prevalence of
SCCE is observed in East Asia (Briggs and Ibrahim,
1983; Mori et al., 1989). SCCE, like that of lung origin,
is regarded to have a poor prognosis because of its rapid
growth rate and early systemic dissemination (Briggs
and Ibrahim, 1983; Mori et al., 1989; Huncharek and
Muscat, 1995; Casas et al., 1997). The median survival
after diagnosis reportedly ranges from 3.3 to 20.7
months (Briggs and Ibrahim, 1983; Mori et al., 1989;
Casas et al., 1995; Huncharek and Muscat, 1995).
Moreover SCCE, as is well known in that of the lung,
also shows neuroendocrine differentitation (Springall et
al., 1986; Mori et al., 1989; Sasajima et al., 1990;
Tennvall et al., 1990; Hoda and Haidju, 1992; Nishimaki
et al., 1993). Although the histogenesis of SCCE is still
controversial, Ho et al. (1984) suggested that a totipotent
primitive cell could serve as the common precursor for
squamous cell carcinoma, adenocarcinoma and SCCE,
because coexistence of each histological type is often
seen. In clinical outcome, microscopic appearance and
its neuroendocrine differentiation, SCCE has similar
characteristics to small cell carcinoma of the lung
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(SCCL).

p53 is one of the most common tumor Suppressor
proteins and abrogation of its function is considered to
be a key event in tumor development. Cyclin-dependent
kinase inhibitor p21WAFL/CIP1 which is one of the
downstream factors of p53, mediates cell cycle arrest at
G1 check point (Ullrich et al., 1992; Cox and Lane,
1995). Rb protein is also a common tumor suppressor,
implicated in the regulation of cell cycle progression. An
oncoprotein, bcl-2, is known to have an inhibitory effect
on apoptotic cell death and confers a survival advantage
to cells (Miyashita et al., 1994). PCNA is known as an
auxilliary factor of DNA polymerase 8, which is
strongly expressed by cells in late G1 to S phase of the
cell cycle (Cox, 1997). While Ki-67 is expressed by cells
in the cell cycle except in GO phase (Cattoretti et al.,
1992). PCNA and Ki-67 are generally used as cell
proliferation markers. Alternation of p53, loss of Rb
gene, and high expression of PCNA and Ki-67 have
been reported to correlate with poor prognosis in several
human malignancies (Taylor and Cote, 1997).

To the best of our knowledge, there have been few
studies evaluating molecular characteristics of SCCE. To
understand the mechanisms of development of SCCE, it
is important to examine potential similarities or
differences between SCCE and SCCL in the expression
of regulatory proteins for cell proliferation. In the
present study, we immunohistochemically examined 5
cases of SCCE for expressions of p53, p21WAF1/CIPL
Rb protein, bcl-2, PCNA, and Ki-67, and compared the
results with those of SCCL and SQCE.

Materials and methods
Specimens

Five cases of SCCE, 5 cases of SCCL, and 10 cases
of SQCE including 5 with poor differentiation and 5
with good differentiation were examined. The specimens
were surgically resected at Yokohama City University
Hospital, Yokohama Citizen's Municipal Hospital, and
Kanagawa Cancer Center Hospital between 1984 and
1996. None of the patients had undergone any anti-
cancer chemo- or radiation-therapy before surgery.
Clinical and histological information on SCCE is listed
in Table 1.

Tissue preparation

Tissue samples were fixed with 10% buffered
formalin, and routinely embedded in paraffin. The tissue
blocks were cut into 5-um thick sections and mounted on
glass slides coated with 3-aminopropyl triethoxysilan
(Shinetsu chemical, Tokyo, Japan). These sections were
placed in a thermochamber at 37 °C overnight and used
for hematoxylin eosin (HE) stain and immunohisto-
chemistry.

Immunohistochemistry

The tissue sections were dewaxed, rehydrated, and
immersed in 3% hydrogen peroxide/methanol for 10 min
to block endogenous peroxidase activity. After a brief
washing with distilled water, the tissue sections were
immersed in 1M sodium citrate buffer (pH 6.8) and were
heated at 99 °C for 30 min in a microwave oven to
retricve masked antigenic activity. After a brief washing
with PBS, the tissue sections were incubated first with
5% normal goat serum for 30 min to block non-specific
binding and then with mouse monoclonal antibodies
against p53 (Novocastra, Newcastle upon Tyne, UK),
p21 WAF1/CIP1 (Qanta Cruz, Santa Cruz, California,
USA), Rb protein (Novocastra), PCNA (DAKO,
Glostrup, Denmark), Ki-67 (DAKO), and bcl-2 (DAKO)
for 90 min at room temperature. After washing three
times with PBS, the tissue sections were incubated with
biotinylated goat anti-mouse IgG (E-Y Laboratories,
North Amphlett Blvd., San Mateo, USA) as the
secondary antibody for 60 min at room temperature.
Immunoreactivity was visualized by the avidin-biotin-
peroxidase complex method using diaminobenzidine
(DAB) as the substrate. Nuclear counterstain was
performed lightly with hematoxylin.

To confirm the neuroendocrine differentiation of
SCCE and SCCL cells, immunostaining for general
neuroendocrine markers, chromogranin A (DAKO),
neuron specific enolase (Nichirei, Tokyo, Japan), and
synaptophysin (DAKO) were performed in the same
manner as described above except without the micro-
wave treatment.

The immunoreactivity for p53, p21 WAFL/CIP1 Rp
protein, Ki-67, and PCNA was judged positive when
nuclei of one or more cancer cells in a nest showed

Table 1. Clinical information, histological subtype and immunoreactivity for neuroendocrine markers in 5 cases of SCCE.

CASE AGE SEX  LOCALIZATION TNM HISTOLOGICAL NEUROENDOCRINE MARKER SURVIVAL AFTER
CLASSIFICATION SUBTYPE SURGERY
1 74 M Im T1 NO MO Combined NSE (+) Chr(+) Syn(+) 9 months
2 72 F Im T3 N2 MO Combined NSE (+) Chr(+) Syn(+) 2 months
3 57 M Im T3 N4 MO Oat cell NSE (+) Chr(+) Syn(-) 8 months
4 70 M Ei T2 N2 MO Combined NSE (-) Chr{(+) Syn{-) 6 months
5 71 F Im T1 N1 MO Combined NSE (+) Chr(+) Syn(+) 3 months

SCCE: small cell carcinoma of the esophagus; M: male; F: female; NSE: neuron specific enolase; Chr: chromogranin A; Syn: synaptophysin; Im: middle
thoratic esophagus; Ei: lower thoratic esophagus; "Combined" means small cell carcinoma with foci of squamous cell carcinoma.
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brown-colored signals. One thousand cells were
randomly selected and the percentage of positive cells
was used as a labeling index. The immunostaining
intensity for bel-2 was divided into four grades based on
the following criteria according to Ohbu et al. (1997); 3
points (diffuse and strong reactivity), 2 points (diffuse
and weak reactivity), 1 point (peripheral or focal
reactivity), 0 points (negative). The immunoreactivity
seen in the basal layer of the non-neoplastic esophageal
epithelium was used as the standard for the evaluation of
staining intensity.

Resuits
Histologically, SSCE had the typical appearance of

small cell carcinoma characterized by a diffuse
proliferation of cells with small round or oval-shaped

hyperchromatic nuclei and narrow cytoplasm (Fig. 1a).
Fig. 1b shows the histological appearance of well
differentiated SQCE. All of the SCCE and SCCL
showed a positive reactivity for at least one of the
general neuroendocinre markers examined (Table 1).
The results of immunohistochemistry for p53,
p21 WAFL/CIPL Rp protein, bel-2, PCNA, and Ki-67 are
summarized in Table 2. Immunoreactivity for pS3 was
seen in 4 of 5 cases of SCCE (80%), 4 of 5 cases of
SCCL (80%), and 6 of 10 cases of SQCE (60%).
Positive staining was seen in the nuclei of cancer cells
(Fig. 2). The mean labeling index of p53 in positive
cases of SCCE, SCCL and SQCE was 56.6%, 79.9%,
and 48.8%, respectively (Table 2). A higher labeling
index was observed in SCCE and SCCL than in SQCE.
Immunoreactivity for p21 WAF1/CIP1 wag seen in 2 out of
10 cases of SQCE (20%) with a mean labeling index of

Fig. 1. Histological appearance of SCCE (a) and SQCE (b). Both SCCE (a) have the typical histological appearance of small cell carcinoma
characterized by diffuse proliferation of cells with small round or oval-shaped hyperchromatic nuclei, and narrow cytoplasm. (b); well differentiated

SQCE. x 400

Fig. 2. Immunostaining for p53 in SCCE. Positive immunoreactivity is found in nuciei of cancer cells. Counterstained with hematoxylin. x 400

Fig. 3. Immunostaining for Rb protein in SQCE. A few nuclei of cancer cells show positive immunoreactivity. Counterstained with hematoxyiin. x 400
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5.1%, but not in any cases of SCCE and SCCL (Table 2).
Two positive cases of SQCE were well differentiated
carcinomas. Immunoreactivity for Rb protein was seen

Table 2. Results of immunchistochemistry.

ANTIGEN SCCE scoL SQCE

p53 56.6%, (4/5) 79.9%, (4/5) 48.8%, (6/10)
p21WAF1/CIP1 0%, (0/5) 0%, (0/5) 5.1%, (2/10)
Rb protein e (0/5) **x(0/5) **+(9/10)
PCNA 70.3%, (5/5) 77.8%, (5/5) 84.9%, (5/5)
Ki-67 52.3%, (5/5) 48.9%, (5/5) 53.5%, (5/5)
bel-2 1.2 (5/5) 1.8 (5/5) 0.3 (3/10)

SCCE: small cell carcinoma of the esophagus; SCCL: small cell
carcinoma of the lung; SQCE: squamous cell carcinoma of the
esophagus; ***: not examined. Mean labeling index of immunoreactivity
for p53, p21WAF1/C'P1, PCNA and Ki67 as a percentage (%), and
mean intensity score for bcl-2 are described. () indicate the prevalance
of positive immunoreactivity for each antigen.

in 9 of 10 cases of SQCE (90%) (Fig. 3), but was not
present in any cases of SCCE and SCCL (Table 2).
Immunoreactivity for bcl-2 was seen in all the cases of
SCCE and SCCL, but was seen only in 3 of 10 cases of
SQCE (30%). Diffuse and strong immunoreactivity
was observed in 3 out of 5 cases of SCCE and in 3 out
of 5 cases of SCCL (Fig. 4a). In contrast, 3 positive
cases of SQCE showed only focal and week immuno-
reactivity (Fig. 4b). The average staining score for bcl-2
was 1.2, 1.8 and 0.3 in SCCE, SCCL, and SQCE,
respectively (Table 2). SCCE and SCCL tended to show
higher prevalence and more intense immunoreactivity
for bcl-2 than SCQE. The mean labeling index of
Ki-67/PCNA in SCCE (Fig. 5a), SCCL, and SQCE
(Fig. 5b) was 52.3%/70.3%, 48.9%/77.8%, and
53.5%/84.9%, respectively (Table 2). There were
no significant differences in labeling index rates
of these proliferation markers among SCCE, SCCL, and
SQCE.

4b

Fig. 4. Immunostaining for bel-2 in SCCE (a) and SQCE (b). Diffuse and intense immunoreactivity is found in cytoplasm of SCCE (a). In constrast, only
focal and weak immunoreactivity are found in SQCE (b). Counterstained with hematoxylin. x 400

Fig. 5. Immunostaining for Ki-67 in SCCE (a) and SQCE (b). Positive immunoreactivity is found in nuclei of both SCCE (a) and SQCE (b).

Counterstained with hematoxylin. x 400
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Discussion

The tumor suppresser protein p53 is known to
mediate cell cycle arrest or apoptosis to avoid replicating
mutant gene, resulting in suppression of tumor
development (Ullrich et al., 1992; Cox and Lane, 1995)
Abnormalities of p53 have been reported in more than
50% of human malignancies (Hollstein et al., 1991;
Greenblatt et al., 1994). Wild type p53 is undetectable
due to the small amount of protein under normal
physiological conditions. Abnormal p53 resulting from
gene mutation accumulates in the nuclei due to its longer
half life than wild type protein. Thus, immunohisto-
chemistry is a convenient method for detecting
abnormality of p53. In the present study, 80% of SCCE,
80% of SCCL, and 60% of SQCE showed positive
immunoreactivity for p53, with a labeling index of
56.6%, 79.9%, and 48.8%, respectively. Thus, higher
prevalence and higher labeling index were seen in SCCE
and SCCL than in SQCE. In esophageal carcinomas, the
prevalence of immunoreactivity for p53 protein reported
in the literature is very variable, ranging from 34% to
87% (Coggi et al., 1997). Korkolopoulou et al. (1993)
reported that the prevalence of immunoreactivity for p53
was higher in small cell lung carcinomas (23/34; 67.7%)
than non-small cell lung carcinomas (12/27; 44.4%). The
results of the present study seemed to be consistent with
the previous observations among lung carcinomas and
suggested that there could be some differences in the
prevalence of p53 abnormality among different
histological types of esophageal carcinomas as among
lung carcinoma.

A cyclin dependent kinase inhibitor p21 WAFI/CIP1
which is transcriptionally activated by p53, mediates cell
cycle arrest at G1 check point to allow for repair of
damaged DNA. Abnormal p53 is shown to be unable to
transactivate p21 WAFI/CIPL  Disruption of the normal
interaction between p53 and p21 WAFL/CIPL hag been
observed in several human malignancies such as lung
and pancreatic carcinomas (DiGiusppe et al., 1994;
Marchetti et al., 1996; Hayashi et al., 1997). As in
previous studies, the disruption of p53-p21WAF1/CIP1
interaction was seen in the present study. Expression of
p21 WAFL/CIPL was not observed in any case of SCCE
and SCCL examined, despite the high level of
expression of p53. In contrast, weak expression of
p21 WAFL/CIP \ag observed in a few cases of SQCE.
These results suggest that the disruption of p53-
p21 WAFL/CIPL jnteraction could also be implicated in the
carcinogenesis of esophageal carcinoma. p21WAF1/CIP1
is implicated in not only cell cycle arrest, but in terminal
differentiation of cells in several organs such as the
hematopoietic system, colonic epithelium, and muscles,
all in a p53-independent manner (Macleod et al., 1995;
Parker at al., 1995; Schwaller et al., 1995; Zhang et al.,
1995; Doglioni et al., 1996). Hayashi et al. (1997)
reported that the higher level of expression of
p21 WAFI/CIPT yag seen in better differentiated lung
adenocarcinomas than in poorly differentiated ones. In

the present study, the expression of p21 WAFI/CIP1 yyag
observed only in well differentiated SQCE. This result
suggests that p21 WAFI/CIPL )50 plays a role in the
tumoral differentiation of SQCE, as was seen in lung
adenocarcinoma.

Loss of Rb gene has been demonstrated in a variety
of human malignancies including lung and esophageal
carcinomas, and is implicated in their carcinogenesis
(Yokota et al., 1987; Xu et al., 1991; Jiang et al., 1993;
Reissmann et al., 1993; Maesawa et al., 1994; Shibagaki
ct al.,1994; Kelley et al., 1995; Montesano et al., 1996).
Furthermore, loss of Rb gene was reported to be
correlated with high risk of metastasis in several human
malignancies (Taylor and Cote, 1997). Immunohisto-
chemistry is very convenient for monitoring the loss of
both alleles of Rb gene (Jiang et al., 1993, Taylor and
Cote, 1997). In the present study, the expression of Rb
protein was not observed in any cases of SCCE and
SCCL, but it was often seen in SQCE. Jiang et al. (1993)
immunohistochemically demonstrated that loss of Rb
gene was seen in 17% (6/36) of SQCE. It was reported
that loss of Rb gene was seen in 90% of SCCL, but only
in 15 to 30% of non-small cell carcinoma of the lung
(Mori et al., 1990; Kelley et al., 1995). In the present
study, a similar tendency was observed in esophageal
cancers.

An onocoprotein, bcl-2, is thought to have an
inhibitory effect on apoptotic cell death without atfecting
the progression of cell cycle (Miyashita et al., 1994).
Alternation of bcl-2 gene was first detected in B cell
lymphoma as t(14;18) chromosomal translocation. Since
then, overexpression of bcl-2 has been immunohisto-
chemically demonstrated in several human malignancies
including esophageal and lung carcinomas (Ben-Ezra et
al., 1994; Jiang et al., 1996; Ohbu et al., 1997). Ohbu et
al. (1997) recently reported that 58% of SQCE (68/105)
showed positive immunoreactivity for bcl-2, and when
restricted to advanced cancers, positive immuno-
reactivity was decreased to 42% (22/52). Jiang et al.
(1996) reported that positive immunoreactivity for bel-2
was observed more frequently and intensely in SCCL
(104/111; 93.6%) than squamous cell carcinoma of the
lung (23/64; 35.9%), and suggested a close correlation
between bcl-2 expression and neuroendocrine
differentiation in lung tumors. In the present study, more
frequent and more intense immunoreactivity for bcl-2
was observed in SCCE and SCCL than in SQCE. These
results confirmed previous observations and suggested
the significance of overexpression of bcl-2 in the
development not only of SCCL (Coppola et al., 1995),
but of SCCE. Because overexpression of this onco-
protein confers a survival advantage to neoplastic cells
by blocking apoptotic cell death (Miyashita et al.,1994),
common mechanisms may possibly be applied to
cancers of a variety of organs. If this hypothesis is
correct, higher expression levels of bcl-2 in SCCE and
SCCL could be implicated in their rapid growth rate and
early systemic dissemination.

PCNA and Ki-67 are generally used as cell proli-
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feration markers to evaluate the growth rate of cancer
cells. Strong expressions of these cell proliferation
markers have been reported to correlate with poor
prognosis in a variety of human malignancies
{Korkolopoulou et al., 1993; Youssef et al., 1995).
Korkolopoulou et al. (1993) reported in a previous study
using 61 cases of lung carcinoma, that labeling index of
PCNA tended to be higher in small cell carcinoma than
in non-small cell carcinoma. Furthermore, it has been
demonstrated that higher labeling index of these
proliferating markers was correlated with a poor
prognosis for SQCE (Morita et al., 1991; Morisaki et al.,
1995; Youssef et al., 1995; Lam et al., 1996; Taylor and
Cote, 1997). In the present study, however, no significant
differences were observed in either labeling index of
PCNA or Ki-67 among SCCE, SCCL, and SQCE.

In conclusion, SCCE showed similar characteristics
to SCCL not only in histological appearance, but in
genetic alternations. It may be considered that small cell
carcinomas arising in different organs have many
common genetic alternations, and these could contribute
to their development and aggressive biological behavior.

Acknowledgments. We thank Mrs. lkeda, Mitsui and Suzuki for technical
assistance.

References

Ben-Ezra J.M., Korstein M.J., Grimes M.M. and Krystal G. (1994). Small
cell carcinomas of the lung express the Bcl-2 protein. Am. J. Pathol.
145, 1036-1040.

Briggs J.C. and Ibrahim N.B.M. (1993). Oat cell carcinoma of the
esophagus; Clinicopathologic study of 23 cases. Histopathology 7,
261-277.

Casas F., Ferrer F., Farrus B., Casals J. and Biete A. (1997). Primary
small cell carcinoma of the esophagus. Cancer 80, 1366-1372.

Cattoretti G., Becker M.H.G., Key G., Duchirow M., Schilter C., Galle J.
and Gerdes J. (1992). Monoclonal antibodies against recombinant
parts of the Ki-67 antigen (MIB1 and MIB3) detect proliferating cells
in microwave-processed formalin-fixed paraffin sections. J. Pathol.
168, 357-363.

Coggi G., Bosari S., Roncalli M., Graziani D., Bossi P., Viale G., Buffa
R., Ferrero S., Piazza M., Blandamura S., Segalin A., Bonavina L.
and Peracchia A. (1997). p53 accumulation and p53 gene mutation
in esophageal carcinoma. Cancer 79, 425-432,

Coppola D., Clark M., Landreneau R., Weyant R.J., Cooper D. and
Yousem S.A. (1995). bcl-2, p53, CD44, and CD44v6 isoform
expression in neuroendocrine tumor of the lung. Mod. Pathol. 9,
484-490.

Cox L.S. {(1997). Who binds wins: competition for PCNA rings out cell-
cycle changes. Trends Cell Biol. 7, 493-498.

Cox L.S. and Lane D.P. (1995). Tumor suppressors, kinase and clamps;
how p53 regulate the cell in response to DNA damage. BioEssays
17, 501-508.

DiGiusppe J.A., Redston M.S., Yeo C.J., Kern S.E. and Hruban R.H.
(1994). p53 independent expression of the cyclin-dependent kinase
inhibitor in pancreatic carcinoma. Am. J. Pathol. 147, 884-888.

Doglioni C., Pelosio P., Laurino L., Macri E., Meggiolara E., Favaretti F.

and Barbereschi M. {1996). p21/WAF1/CIP1 expression in normal
mucosa and in adenomas and adenocarcinomas in the colon: its
relationship with differentiation. J. Pathol. 179, 248-253.

Galanis E., Frytak S. and Lloyd R.V. (1997). Extrapulmonary small cell
carcionoma. Cancer 79, 1729-1736.

Greenblatt M.S., Bennet W.P., Hollstein M. and Harris C.C. (1994).
Mutation in the p53 tumor suppressor gene; clues to cancer etiology
and molecular pathogenesis. Cancer Res. 54, 4855-4878.

Hayashi H., Miyamoto H., Ito T., Kameda Y., Nakamura N., Kubota Y.
and Kitamura H. (1997). Analysis of p21 expression in normal,
premalignant and malignant cell during the development of human
lung adenocarcinoma. Am. J. Pathol. 151, 461-470.

Ho K.J., Herrera G.A., Johns J.M. and Alexander B. (1984). Small cell
carcinoma of the esopahgus: evidence for an unified histogenensis.
Hum. Pathol. 15, 460-468.

Hoda S.A. and Haidju S.I. {(1992). Small cell carcinoma of the
esophagus/cytology and immunohistology in four cases. Acta. Cytol.
36, 113-120.

Hollstein M., Sidransky D., Vogelstein B. and Harris C.C. (1991). p53
mutaion in human cancers. Science 253, 49-53.

Huncharek M. and Muscat J. (1995). Small cell carcinoma of the
esophagus. Chest 107, 179-181.

Jiang S-X., Kameya T., Sato Y., Yanasa N., Yoshimura H. and Komada
T. (1996). Bcl-2 protein expression in lung cancer and close
correlation with neuroendocrine differentiation. Am. J. Pathol. 148,
837-846.

Jiang W., Zhang Y., Khan S.M. and Hollstein M. C., Santella R. M., Lu
S., Harris C.C., Montesano R. and Weinstein |.B. (1993). Altered
expression of cylin D1 and retinoblastoma gene in human
esophageal cancer. Proc. Natl. Acad. Sci. USA 90, 9026-9030.

Kelley J.M., Nakagawa K., Steinberg S.M., Mulshine J.M., Kamb A. and
Johnson B.E. (1995). Differential inactivation of CDKN1 and Rb
protein in non-small and small cell lung cancer cell line. J. Natl.
Cancer Inst. 87, 756-761.

Korkolopoulou P., Oates J., Croker J. and Edwads C. (1993). p53
expression in oat and non-oat small cell lung carcinomas; correlation
with proliferating cell nuclear antigen. J. Clin. Pathol. 46, 1093-1096.

Lam K-Y., Law Y-K S., So K-P.M., Fok M., Ma L.T. and Wong J. (1996).
Prognostic implication of proliferative markers MIB-1 and PC10 in
esophageal squamous cell carcinoma. Cancer 77, 7-13.

Macleod K.F., Sherry N., Hannon G., Beach D., Tokino T., Kinzler K.,
Vogelstein B. and Jacks T. (1995). p53 dependent and independent
expression of p21 during cell growth, differentiation, and DNA
damage. Genes Dev. 9, 935-944.

Maesawa C., Tamura G., Suzuki Y., Ogasawara S., Ishida K., Saito K.
and Satodate R. (1994). Aberrations of tumor-suppressor genes
(p53, apc, mcc and Rb) in esophageal squamous cell carcinoma.
Int. J. Cancer 57, 21-25.

Marchetti A., Doglioni C., Barbareshi M., Buttitta F., Pellegrini S.,
Bertacca G., Chella A, Merlo G., Angeletti C.A., Palma P.D. and
Bevilacqua G. (1996). p21 RNA and protein expression in non-small
cell lung carcinomas; evidence of p53-independent expression and
association with tumoral differentiation. Oncogene 12, 1319-1324.

Mckeown F. {1652). Oat cell carcinoma of the esophagus. J. Pathol.
Bacteriol. 64, 880-891.

Miyashita T., Krajewski S., Krajewski M., Hong Kong Wang, Lin H. K.,
Liebermann D.A., Hoffman B. and Reed J.C. (1994). Tumor
suppressor p53 is a regulator of bcl-2 and bax gene in vitro and in
vivo. Oncogene 9, 2261-2268.



485

Small cell carcinoma of the esophagus

Montesano M., Hollstein M. and Hainout P. (1996). Genetic alternation
in esophageal cancer and their relevance to etiology and
pathogenesis: a review. Int. J. Cancer 69, 225-235.

Mori M., Mastukuma A., Adachi Y., Miyagahara T., Mastuda H., Kuwano
H., Sugimachi K. and Enjoji M. (1989). Small cell carcinoma of the
esophagus. Cancer 63, 564-573.

Mori M., Yokota J. and Akiyama T. (1990). Variable mutation of RB
gene in small cell lung carcinoma. Oncogene 5, 1713-1717.

Morisaki Y., Shima S., Yoshizumi Y., Sugiura Y., Tanaka S. and Tamai
S. (1995). PCNA immunostaining combined with AGQNOR staining in
esophageal squamous cell carcinoma to identify patient with a poor
prognosis. Surgery Today 25, 389-395.

Morita M., Kuwano H., Mastuda H., Moriguchi S. and Sugimachi K.
(1991). Prognostic significance of argyrophilic organizer regions in
esophageal carcinoma. Cancer Research. Cancer Res. 51, 5339-
5341.

Nishimaki T., Suzuki T., Fukuda T., Aizawa K., Tanaka O. and Muto T.
(1993). Primary small cell carcinoma of the esophagus with ectopic
gastrin production. Digest. Dis. Sci. 38, 767-771.

Ohbu M., Saegusa M., Kobayashi N., Tsukamoto H., Mieno H. and
Okayasu 1. (1997). Expression of bcl-2 protein in esophageal
squamous cell carcinomas and its association with lymph node
metastasis. Cancer 79, 1287-1293.

Parker S.B., Eichele G., Zhang P., Rawls A., Sands A.T., Bradley A,
Olson E.N., Harper JW. and Elledge S.J. (1995). p53 independent
expression of p21CIP1 in muscle and other terminally differentiated
organs. Science 267, 1024-1027.

Reissmann P.T., Koga H., Takahashi R., Figlin R.A., Holmes E.C.,
Piantadosi S., Cordon-Cardo C. and Slamon D. J. (1993).
Inactivation of the retinoblastoma susceptibility gene in non-small-
cell lung cancer. Oncogene 8, 1913-1919.

Sasajima K., Hayashi N., Yamashita K., Onda M. and Takubo K. (1990).
Serum neuron-specific enolase as a marker of small cell carcinoma
of the esophagus. J. Clin. Gastroenterol. 12, 384-388.

Schwaller J., Koeffler H.P., Niklaus G., Loetscher P., Nagel S., Fey M.F.
and Tobler A. (1995 ). Posttranscriptional stabilization underlies p53
independent induction of p21/WAF1/CIP1/SID1 in differentiating

human leukemia cells. J. Clin. Invest. 95, 973-979.

Shibagaki ., Shimada Y., Wagata T., Ikenaga M., Imammura M. and
Ishizaki K. (1994). Allelotype analysis of esophageal squamous cell
carcinoma. Cancer Res. 54, 2996-3000.

Springall D.R., Ibrahim N.B.N., Rode J., Sharpe M.S., Bloom S.R. and
Polak J.M. (1986). Endocine differentiation of extrapulmonaly small
cell carcinoma demonstrated by immunohistochemistry using
antibodies to PGP 9.5. Neuron specific enolase and the C-flaking
peptide of human pro-bombesin. J. Pathol. 150, 151-162.

Taylor C.R. and Cote R.J. (1997). Immunahistochemical markers of
prognostic value in surgical pathology. Histol. Histopathol. 12, 1039-
1055.

Tennvall J., Johansson L. and Albertsan M. (1990). Small cell
carcinoma of the oesophagus: a clinical and immunchistochemical
review. Eur. J. Surg. Oncol. 16, 109-115.

Ullrich S.J., Anderson C.W., Mercer W.E. and Appella E. (1992). The
p53 tumor suppressor protein, a modulator of cell proliferation. J.
Biol. Chem. 22, 1529-1536.

Xu H-J., Hu S8-X., Cagle P.T., Moore G.E. and Benedict W.F. {1891).
Absence of retinoblastoma protein expression in primary non-smalil
cell lung carcinoma. Cancer Res. 51, 2735-2739.

Yakota J., Wada M., Shimamoto Y., Tarada M. and Sugiyama T. (1987).
Loss of heterozygosity on chromosome 3, 13 and 17 in small cell
carcinoma and on chromosome 3 in adenocarcinoma of the lung.
Proc. Natl. Acad. Sci. USA 84, 9252-9256.

Youssef E.M., Mastuda T., Takada N., Osugi H., Higashino M.,
Kinoshita H., Watanabe T., Kastura Y., Wanibuchi H. and
Fukushima S. (1995). Prognostic significance of MiB-1 proliferation
index for patients with squamous cell carcinoma of the esophagus.
Cancer 76, 358-366.

Zahng W., Grasso L., McClain CD., Rawls A., Gambel AM., Cha Y.,
Travali S., Deisseroth A.B and Mercer W.E. (1995). p53
independent induction of WAFf1/CIP1 in human leukemia cell is
correlated with growth arrest and monocyte/macrophage
differentiation. Cancer Res. 55, 668-674.

Accepted October 9, 1998



