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The rate of tumor growth depends on the balance
between proliferation and death of tumor cells. It is
known that Bax, caspase-3, and p53 proteins are
death-promoting factors, whereas Bcl-2 protein is a
death antagonist. We immunohistochemically ex-
amined the expression of Bax and apoptosis-related
proteins such as caspase-3, p53, and Bcl-2 in 76
patients with human esophageal squamous cell car-
cinoma (SCC) including dysplasia to determine the
relationship of expression of each protein to tumor
behavior and patients’ prognosis. No significant re-
lationships in immunopositivity were found among
these proteins in SCCs. Cytoplasmic Bax expression
was exhibited in 63 cases of SCCs (82.9%). The ap-
optotic index of caspase-3-positive lesions was sig-
nificantly higher than that of caspase-3-negative le-
sions in both dysplasia and SCC (P � .016,P � .012).
On the other hand, the apoptotic index (1.18%) was
significantly correlated with Bax overexpression in
dysplasia (P � .006), but not in SCC lesions (P �
.129). The patients with Bax-positive SCCs were
found to have a poor prognosis by the Kaplan-Meier
method (P � .043). These findings suggested that
Bax expressed in dysplasia may play a role as an
apoptotic factor, but that it may be functionally
inactive in some cancerous lesions and thus not
contribute to suppression of the tumor progression
in some cases of human esophageal SCCs.
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The apoptosis pathway is regulated by several fac-
tors such as p53 and members of the Bcl-2 protein
family (1, 2). Wild-type p53 protein physiologically
acts as a DNA-binding transcription factor and may
drive apoptosis as a result of DNA-damaging events
(1). Members of the Bcl-2 protein family such as
Bax, Bak, Bcl-2, and Bcl-XL influence apoptosis or
cell cycle entry (3, 4). When Bax is present in excess,
Bax/Bax homodimers are formed, which promote
apoptosis (5, 6). Bax protein is present predomi-
nantly in the cytosol, and is able to release cyto-
chrome c from mitochondria by changes in mito-
chondrial membrane permeability or electric
potential (7–10). Release of cytochrome c leads to
activation of caspase-9, which then activates
caspase-3 (11). Caspases are able to activate DNase
and are thus required for the typical DNA fragmen-
tation found in apoptosis (12, 13).
Previous studies reported that cytoplasmic im-

munostaining of Bax protein was found uniformly
in all cell layers of the normal squamous epithe-
lium, and that in contrast, gradual loss of immu-
noreactivity for Bax was found in a fraction of
preneoplastic and neoplastic lesions (14, 15). Sar-
bia et al. then also examined Bax expression in
severe dysplasia in esophageal epithelium and
squamous cell carcinoma (SCC) including carci-
noma in situ, invasive carcinomas and lymph
node metastasis, but found no significant differ-
ence in immunoreactivities among these lesions
(14). Bax immunostaining has been reported to
be inversely correlated with p53 immunostaining
in oral and oropharyngeal carcinoma (16). On the
other hand, no association between Bax and p53
immunostaining in breast and colon adenocarci-
noma, and liver metastasis of colorectal carci-
noma was reported by other investigators (17–
19). Then, Krajewski et al. reported that loss of
Bax immunostaining was strongly associated with
tumor progression and with shorter survival of
patients with metastatic breast adenocarcinoma
(20). In contrast, no association between expres-
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sion of Bax and increase of apoptosis was re-
ported by another group (16, 21). Thus, the na-
ture of the correlation between apoptosis and Bax
expression in vivo has remained controversial.

In the present study, we extended these find-
ings for Bax to in vivo conditions in human
esophageal SCC including dysplasia, to elucidate
the roles of expression of Bax and apoptosis-
related factors such as caspase-3, Bcl-2, and p53
in tumor development and to assess their prog-
nostic value. Because Bax and caspase-3 proteins
act to promote cell death, we estimated the apo-
ptotic index (AI) by the TUNEL method for SCCs
for comparison with expression of Bax and
caspase-3 proteins.

MATERIALS AND METHODS

Patients and Tumor Samples
Seventy-six cases of primary human esophageal

SCCs consecutively obtained at esophagectomy
in the Department of Surgery II, Kochi Medical
School, between 1982 and 1999 were studied. All
patients had received mild chemotherapy with
bleomycin (20 mg/m2) daily orally administered
over 5 days, but no radiation therapy before sur-
gery. Of the patients, 66 (86.8%) were male and 10
(13.2%) were female. The mean age was 64.0 years
(range 41 to 76 years). In all cases, histologic or
clinical classification was performed using the
Guidelines for Clinical and Pathological Studies
on Carcinoma of the Esophagus established by
the Japanese Society for Esophageal Disease
(1999). Tumor specimens were fixed in 10% buff-
ered formalin, processed routinely and embed-
ded in paraffin. In each case, all available hema-
toxylin and eosin-stained sections were reviewed,
and a representative block was chosen for further
studies.

Immunohistochemistry with Bax, Caspase-3, Bcl-
2, and p53 Antibodies

Five micrometer-thick sections from archival
formalin-fixed paraffin-embedded tissues were
placed on poly-L-lysine-coated slides (Sigma
Chemical Co., St. Louis, MO) for immunohisto-
chemistry. Bax, caspase-3, Bcl-2, and p53 protein
expressions were assessed by immunohistochem-
ical examination with antibodies as detailed in
Table 1. For each antibody, the deparaffinized
tissue sections were placed in 10 mM citrate
buffer, PH 6.0, and heated to 132°C in an auto-
clave for 12 min. After incubation with each an-
tibody at 4°C overnight, immunohistochemical
staining for these proteins was performed by the
avidin-biotin complex procedure with a strepta-

vidin biotin complex peroxidase kit (Histofine
LSAB Kit; DAKO, Kyoto, Japan). The specificity of
the antibodies used was checked with positive or
negative control sections of various kinds of tis-
sues. In agreement with previous studies (15, 22),
immunostaining with each antibody was consid-
ered positive if the chromogen was detected in
more than 5% of all cancer cells examined. In
cases of positive staining with anti-human Bax,
Bcl-2, and caspase-3 antibodies, each score was
ranked as 1�, 5 to 75% positive, or 2�, more than
75% positive.

TUNEL Method
Apoptotic cells and bodies were visualized using

the ApopTag Plus Peroxidase In Situ Apoptosis De-
tection Kit (Intergen Company, New York) as de-
scribed in the kit manual. Briefly, after routine depar-
affinization, sections were incubated with proteinase
K (20 �g/mL) (Wako, Osaka, Japan) in Tris-HCl buffer
(pH 7.4) for 15 min at room temperature. The sections
were subjected to enzymic homopolymeric tailing
with TdT and digoxigenin-labeled nucleotides for 60
min at 37°C in a humidified atmosphere. The nucle-
otides incorporated were revealed by incubation with
anti-digoxigenine antibody conjugated to peroxidase
for 30 min at room temperature. The peroxidase label
was then visualized by the diaminobenzine (Sigma
Chemical Co.) reaction. In positive controls, sections
were treated with DNase I (0.7 �g/mL Stratagene Co.,
La Jolla, CA) for 15 min before treatment with TdT. In
negative controls, TdT was replaced by Tris buffer. In
agreement with previous studies (16, 23, 24), the ap-
optotic cells were counted in areas with high fre-
quency under 10 high-power fields. More than 1000
tumor cells were counted to calculate the AI from
these areas, and the AI values were expressed as per-
centages of TUNEL-positive cells. Apoptotic cells
were not evaluated from the vicinity of necrotic areas.

Statistical Analysis
Statistical associations between Bax and

caspase-3, Bax and p53, Bcl-2 and p53, and be-
tween each Bax, caspase-3, p53, or Bcl-2 protein
expression and various clinicopathologic factors
were determined using the x2 test (P � .05). The
cumulative survival rates were calculated by the

TABLE 1. Panel of Antibodies Used for

Immunohistochemistry on Dewaxed Paraffin Sections

Specificity Clone Dilution Source

Polyclonal
Caspase-3 NCL-CPP32p 1/50 Novocastra, UK

Monoclonal
Bax B-9 1/40 Santa Cruz, UK
Bcl-2 Clone 124 1/5 DAKO, Denmark
p53 DO-7 1/30 DAKO, Denmark

742 Modern Pathology



Kaplan-Meier method, and the statistical signifi-
cance of differences was determined using the
log-rank test (P � .05). The significance of rela-
tionships between AI and expression of Bax or
caspase-3 was determined by Mann-Whitney test
(P � .05).

RESULTS

Immunohistochemistry with Bax, Caspase-3, Bcl-
2, and p53 Antibodies

In total, 63 of 76 (82.9%), 41 of 74 (55.4%), 19 of 76
(25.0%), and 45 of 76 (59.2%) SCCs exhibited 1� or 2�
positive staining with Bax, caspase-3, Bcl-2, and p53-
antibodies, respectively. Percentages of cells positive

for each antibody are summarized in Table 2. Bax,
caspase-3, and Bcl-2 immunoreactivities were mainly
observed in the cytoplasm of cancer cells. p53 posi-
tivity was restricted to the nucleus of cancer cells. In
the normal esophageal epithelium, Bax and caspase-3
immunoreactivity were found in all layers, whereas
Bcl-2 immunoreactivity was found mainly in the basal
layer. None of the non-neoplastic cells showed evi-
dence of p53 staining as detected by immunohisto-
chemistry. There was no significant difference in both
frequency and intensity of immunoreactivities of
these proteins in both noninvasive and invasive parts,
and there were no significant relationships in immu-
noreactivity among Bax, caspase-3, p53, and Bcl-2 in
esophageal SCCs.

TUNEL Method
The mean AI for all esophageal SCCs examined was

2.40% (range 0.00 to 9.80%) and median AI was 2.00%.
The mean AI was 2.57% (range 0.00 to 9.80%) in cases
with Bax immunoreactivity, and 1.55% (range 0.00 to
3.10%) in cases without it. There was no significant
relationship between Bax immunoreactivity and AI in
esophageal SCCs (P � .129). In some cases, homoge-
nous Bax-immunopositivity but no apoptotic cells

FIGURE 1. Homogenous Bax-immunopositivity (A), but no apoptotic
cells were detected in an identical area of a case of esophageal SCC (B).
Only a small number of TUNEL-positive lymphocytes (arrows) were
observed. (A) LSAB method; X 200, (B) TUNEL method; X 200

FIGURE 2. Cytoplasmic positivity with caspase-3 antibody (A) as well
as scattered apoptotic cells (arrowheads) (B) were found, in an identical
part of a case of esophageal SCC. (A) LSAB method; X 160, (B) TUNEL
method; X 160

TABLE 2. The Details of Expression Patterns Regarding

the Percentage of Positive Cells for Bax, Caspase-3, Bcl-

2, and p53 Antibodies

Antibodies
Number of cases (%)

2� 1� Negative

Bax 32 (42.1%) 31 (40.8%) 13 (17.1%)
Caspase-3 10 (13.5%) 31 (41.9%) 33 (44.6%)
Bcl-2 5 (6.6%) 14 (18.4%) 57 (75.0%)
p53 17 (22.4%) 28 (36.8%) 31 (40.8%)
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(Fig. 1, A–B) were detected in an identical area, in
which only a small number of TUNEL-positive lym-
phocytes were observed (Fig. 1B). The mean AI was
2.85% (range 0.60 to 7.40%) in cases with caspase-3
immunoreactivity, and 1.66% (range 0.00 to 4.80%) in
cases without it. Cytoplasmic positivity with
caspase-3 antibody (Fig. 2A) as well as scattered ap-
optotic cells (Fig. 2B) was found in an identical area.
These findings accounted for the significant relation-
ship between caspase-3 immunoreactivity and AI in
esophageal SCCs (P � .012).

We further studied the correlations among the ex-
pression of Bax or caspase-3, and AI in dysplasia
adjacent to SCC. All dysplasia were determined ac-
cording to standard criteria. We distinguished severe
dysplasia from carcinoma in situ according to the
existence of cytoplasmic maturation in the superficial
layers. Forty-three of 50 (86.0%) dysplasia were posi-
tive for Bax, and 23 of 48 (47.9%) dysplasia were
positive for caspase-3 antibody. The mean AI was
1.18% (range 0.00 to 5.60%). In a dysplasia, both Bax-
immunopositivity (Fig. 3A) and apoptotic cells (Fig.
3B) were detected in an identical area. The mean AI in
cases with Bax immunoreactivity was 1.46% (range
0.00 to 5.60%), and 0.23% (range 0.00 to 1.30%) in
cases without it. The mean AI in cases with caspase-3
immunoreactivity was 1.81% (range 0.00 to 5.60%),

and 0.66% (range 0.00 to 2.50%) in cases without it.
Figure 4 shows the relationship between Bax or
caspase-3 immunoreactivity and AI in dysplastic and
cancerous regions. Only in dysplasia, significant rela-
tionship was found between Bax expression and AI (P�
.006) (Fig. 4A). Figure 4B shows the relationship between
AI and caspase-3 immunoreactivities in dysplasia and
cancerous regions, in both of which the significant rela-
tionships were found (P � .016, P � .012).

We studied the correlation between AI and pa-
tients’ prognosis. Patients were divided into two
groups depending on whether the extent of cancer
AI was above or below the median (2.00%), accord-
ing to previous reports (25, 26). The survival of
patients with high AI tended to be higher than that
of patients with low AI, but the difference was not
significance (P � .06).

In normal esophageal epithelium, rare apoptotic
cells were seen in the surface epithelium, and AI
could not been calculated.

Association between Bax, Caspase-3, p53, or
Bcl-2 Protein Expression and Clinicopathologic
Parameters including Patients’ Prognosis

No significant relationship was found between
Bax, caspase-3, p53, or Bcl-2 immunoreactivity and

FIGURE 3. In a dysplasia, both Bax-immunopositivity (A) and apoptotic cells (arrowheads) (B) were detected in an identical part of a case of
esophageal SCC. (A) ABC method; X 160, (B) TUNEL method; X 160
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various clinicopathologic parameters, including
stage, histopathologic grade, lymphatic or vascular
invasion, and patient age or sex. The survival of
patients with Bax-positive tumors was significantly
poorer than that of patients with Bax-negative tu-
mors (P � .043) (Fig. 5). There was no statistical
difference in clinical stage between Bax-positive
group and Bax-negative group (Table 3). On the
other hand, there were no significant correlations
between each caspase-3, Bcl-2, or p53 protein ex-
pression and patient prognosis (P � .446, P � .934,
P � .152, respectively).

DISCUSSION

Bax protein has been established as a tumor sup-
pressor, because Bax inactivation leads to rapid

tumor growth and to a decrease in the extent of
spontaneous apoptosis of tumor cells (27). Krajew-
ski et al. reported that loss of Bax immunopositivity
was strongly associated with tumor progression and
shorter survival of patients with metastatic breast
adenocarcinoma (20). On the other hand, there
have been a number of recent studies finding no
significant difference between Bax protein immu-
noreactivity and AI in either oral and oropharyngeal
cancers or bronchial SCCs (16, 21).

Somatic frameshift mutation of the Bax gene
eliminating production of Bax protein has been

FIGURE 4. The association between Bax (A) or caspase-3 (B) immunoreactivity and apoptotic index. The significant relationship between
expression of Bax and apoptotic index was found only in dysplasia (a; *P � .006). On the other hand, the significant relationship between caspase-3
immunoreactivity and apoptosis index was found In both dysplasia and cancer. (B; *P � .016, **P � .012).

FIGURE 5. Cumulative Kaplan-Meier survival curves for patients with
esophageal SCCs divided by the Bax immunopositivity. Bax-negative cases
showed more favorable prognosis than Bax-positive cases.

TABLE 3. Bax Immunoreactivity and Clinical Stage in 76

Patients with Esophageal Squamous Cell Carcinoma

Parametersa Case
Number

Bax
Staining p-Value

Group Subset � �

Stage O 9 6 3 0.16
I 16 11 5
II 19 17 2
III 24 21 3
Iva 8 8 0

Depth of invasion Tis 2 1 1 0.16
T1a 5 3 2
T1b 22 16 6
T2 13 12 1
T3 26 23 3
T4 8 8 0

Lymph node metastasis n0 41 31 10 0.21
n1 7 7 0
n2 19 18 1
n3 7 5 2
n4 2 2 0

a All parameters listed were referred from the Guidelines for Clinical
and Pathological Studies on Carcinoma of the Esophagus (Japanese So-
ciety for Esophageal Disease, 1999). All cases had no distant metastasis.
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demonstrated in colon, gastric and endometrial
cancers, and hematopoietic malignancies (28–30).
A good correlation between the presence of such
mutation and lack of immunostaining by antibody
to Bax protein was also demonstrated in endome-
trial carcinomas (28). In the present study, Bax im-
munopositivity independent of Bcl-2, caspase-3,
and p53 immunoreactivities was significantly asso-
ciated with poor prognosis inpatients with esopha-
geal SCCs. Furthermore, no significant relation-
ships were observed between Bax expression and AI
in esophageal SCCs. These findings suggested that
the functional abnormality of immunopositive Bax
protein detected in esophageal SCCs cannot be ex-
plained by this Bax gene frameshift mutation.

To identify potential intermediate biomarkers in
the multistep processes of human esophageal SCC
progression, we also tested for Bax and caspase-3
expression and AI in dysplasia adjacent to SCC.
Several reports have described extent of AI in pre-
neoplastic lesions in various types of tissue. How-
ever, studies on the relationship between Bax im-
munoreactivity and AI in preneoplastic lesions are
rare (21, 23). In bronchial dysplasia, no correlation
was found between expression of Bax protein and
apoptotic activity (21). Interestingly, in the present
study, in dysplasia, the AI in Bax-positive lesions
was significantly higher than that in Bax-negative
lesions, whereas there was no significant correla-
tion between Bax expression and AI in cancerous
regions. Our in vivo findings for esophageal SCCs
suggest that Bax protein expressed in cancerous
regions may lose its death-promoting activity. On
the other hand, immunopositivity of caspase-3 re-
taining its death-promoting activity was found in
both dysplasia and cancerous regions, whereas no
significant relationship was found between
caspase-3 immunoreactivity and any clinicopatho-
logic parameter, including patients’ prognosis.
These findings suggest that although caspase-3 re-
tains its death-promoting activity, the rate of tumor
cell proliferation may be higher than that of apo-
ptosis in esophageal SCCs. Other than the Bax pro-
tein cascade of apoptosis, transmembrane proteins
of Fas and Fas ligand (FasL) are known as death-
promoting factors associated with the activation of
caspase-3. Binding of FasL to Fas induced trimer-
ization of the Fas receptor, which recruits caspase-8
via an adaptor, FADD/MORT1, to activate
caspase-3 protein. A previous study reported that
about 30% of human esophageal SCCs expressed
Fas protein (31). Therefore, most likely not p53-Bax
but the Fas-FasL cascade predominantly activates
caspase-3 protein in cancerous regions of esopha-
geal SCCs.

In this study, all patients underwent mild chemo-
therapy preoperatively. Previous study by Moreira
et al. demonstrated that in esophageal SCC, preop-

erative radiation therapy or radio-chemotherapy
increased number of apoptotic cells, but only che-
motherapy group did not show a significantly in-
creased number of apoptotic cells against non-
treated control group (32). They performed
continuous infusion of 5-fluorouracil (300 mg/m2)
administered on Days 1 to 5, combined with a sin-
gle infusion of cis-dichlorodiamino-cisplatin (50
mg/m2) and bleomycin (30 mg/m2) on Day 1. How-
ever, in the present study, all patients had received
chemotherapy with only bleomycin (20 mg/m2)
daily orally administered over 5 days. Our chemo-
therapy was milder than that of previous study,
therefore we think that preoperative mild chemo-
therapy alone had little effect on the differences in
AI.

Our data demonstrated that the survival of pa-
tients with Bax-positive tumors was significantly
poorer than that of patients with Bax-negative tu-
mors (P � .043). However, this p-value was almost
borderline as a significant difference (P � .05). Fur-
ther investigation of Bax protein expression in tu-
mor progression will be required to confirm the
present finding of esophageal SCC.

In conclusion, our findings support the hypoth-
esis that Bax protein expressed in cancerous re-
gions but not dysplasia loses death-promoting ap-
optotic activity, and cannot contribute to
suppression of the tumor progression leading to
poor prognosis in some cases of human esophageal
SCC. Further investigation of Bax at the DNA
and/or RNA level will be required to confirm the
present findings.
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