
Abstract. Background: The sensitivity of tumors to
chemotherapy and radiotherapy differs from one case to another
and may be influenced by the expression of biological molecules.
The presence of six potential predictive markers in esophageal
squamous cell carcinoma (ESCC) was investigated and the data
obtained were related to the response of the tumors to chemo-
radiotherapy and radiotherapy. Materials and Methods: Biopsy
specimens were obtained from 61 patients with ESCC before
treatment with chemo-radiotherapy (31 patients) or radiotherapy
(30 patients). External radiotherapy was delivered by a two-field
technique to a total of 60-70 Gray. Concurrent chemotherapy
consisted of cisplatin or nedaplatin and 5-fluorouracil
administered intravenously. The patients were examined before
and after treatment by endoscopy, esophagography and computed
tomography. The clinical response was classified as effective
(>50% decrease in primary lesion), or ineffective.
Immunohistochemical staining for p53, p21, bax, bcl2, heat-
shock protein (Hsp) 27 and Hsp70 was performed on the biopsy
specimens before therapy. Results: The primary tumor response
was effective in 73.8% (45/61) and ineffective in 26.2% (16/61)
of patients. Tumors with p53-positive expression were less
sensitive than p53-negative tumors (p=0.033). p21-positive
patients (p=0.027), and Hsp27-negative (p=0.0057) and Hsp70-
negative patients (p=0.010) were all good responders. Neither
bcl2 nor bax expression was related to the efficacy of therapy.
Multivariate analysis revealed that Hsp27 was the most reliable
predictor of the effect of chemo-radiotherapy and radiotherapy
among the four potential markers. p53-negative and Hsp70-

negative patients had a more favorable prognosis than p53- and
Hsp70-positive patients (p=0.039, p=0.038, respectively).
Conclusion: Expression of Hsp27 was a good predictor of the
response of ESCC to chemo-radiotherapy and radiotherapy.

Esophageal cancer is one of the most aggressive and lethal

malignancies. Mortality rates are very similar to the incidence

rates (1) due to the relatively late stage of diagnosis and lack

of effective treatment; the survival rate at 5 years was

reported to be <10% (2), although recent advances in

surgical techniques and adjuvant therapy have improved the

5-year survival rate to about 40% (3). Some cases respond

very well to radiotherapy or chemo-radiotherapy, whereas

others do not. The effects of adjuvant therapy differ between

patients, and the survival of responders has been reported to

be better than that of non-responders (4). It is important to

recognize the probable response of the tumor to treatment.

It has been reported that p53, a tumor suppressor gene, is an

indicator of chemotherapy and/or radiotherapy resistance in

patients with esophageal squamous cell carcinoma (ESCC)

(5, 6). Apoptosis-related factors, bax (7, 8), bcl2 (8, 9) and

Ki-67 labelling index (10) have also been investigated as

prognostic indicators. Heat-shock protein (Hsp) 27 and

Hsp70 have a variety of vital intracellular chaperoning

functions and have been reported to be good indicators of the

tumor response to chemotherapy and/or radiotherapy (11,

12). However, a comprehensive study of these markers has

never been carried out. In this study, the predictive value of

these markers in the response of ESCC to chemo-

radiotherapy and radiotherapy was investigated using biopsy

specimens obtained from patients before treatment.

Materials and Methods

Clinical characteristics of patients and ESCC tissue samples.
Pretreatment ESCC biopsy specimens were obtained endoscopically

from 61 patients before chemo-radiotherapy (31 patients) or

radiotherapy (30 patients) at the Gunma University Hospital, Japan,

between 1985 and 2000. The patients included 53 men and 8
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women, aged 36-86 years (mean age: 65.7 years). Written informed

consent to participate in the study was obtained from each patient

before treatment, according to the ethical guidelines of our

university. All patients underwent chemo-radiotherapy or

radiotherapy for advanced tumor invasion, distant metastasis, low

performance status, or rejection from surgery. Tumor stage was

classified according to the fifth edition of the TNM classification of

the International Union against Cancer (UICC). The mean

postoperative follow-up period for the 61 patients was 22.6 months

(range: 31.9-118.7 months).

Treatment protocol. After diagnosis, the patients underwent

radiotherapy, or chemo-radiotherapy, consisting of concurrent

radiotherapy and chemotherapy, for 7 weeks. The tumor response

was assessed by endoscopy with biopsy and esophagography 2

weeks after the end of treatment. External radiotherapy was

delivered by a two-field technique using a 10-15 MV photon beam

at 2 Gray/fraction/day, 5 fractions/week, to a total of 60-70 Gray.

Concurrent chemotherapy consisted of 80 mg/m2 cisplatin or

nedaplatin administered intravenously over 1 h on days 1 and 29,

and 350 mg/m2 5-fluorouracil administered as a continuous

intravenous infusion on days 1-5 and 29-33. Twelve of the 31

patients who underwent chemo-radiotherapy were administered

nedaplatin. Nedaplatin is a second-generation platinum complex

that has been found, in preclinical (13, 14) and clinical studies (15-

17), to have pronounced activity against solid tumors, but is less

nephrotoxic than cisplatin.

Clinical features and evaluation of treatment. Before treatment, all

patients were evaluated by radiographic examination (chest X-rays,

barium swallow), endoscopy (esophagoscopy and, in some cases,

bronchoscopy), endoscopic ultrasonography, ultrasonography and

computed tomography (CT). Biopsy samples were obtained from

3 or more tumor parts. Tumor stage was classified according to the

fifth edition of the TNM classification of the International Union

against Cancer (UICC). The clinical response was evaluated 2

weeks after the end of treatment according to the guidelines of the

Japanese Society for Esophageal Diseases (JSED) (18).

Assessment included repeated endoscopy, esophagography and CT

scans. Endoscopy and esophagography were carried out by two

investigators who measured the maximal major and minor axes of

the tumor before and after treatment. All patients underwent a CT

scan of the neck, chest and abdomen. Ten-millimeter continuous

scans were obtained from the neck to the bottom of the liver using

an intravenous contrast medium. The CT response was assessed by

two experienced radiologists who measured the maximum wall

thickness before and after treatment. The results of endoscopy,

esophagography and CT scans were discussed among the

investigators, and the response was classified as complete, partial

(>50% decrease), or no change (<50% decrease) in the primary

lesion. The patients were divided into two groups: an effective

group (EG), that included all patients with a complete or partial

response, and an ineffective group (IG), that included patients who

showed no change or progressive disease.

Antibodies and immunohistochemistry. Antibodies were purchased

from the following manufacturers: monoclonal antibody (Mab)

specific for p53 (DO-7; Novocastra Laboratories Ltd., Newcastle,

UK), used at a dilution of 1:100; Mab specific for p21 (WAF1;

Novocastra Laboratories Ltd.), used at a dilution of 1:100; Mab

specific for Hsp27 (G3.1; StressGen Biotechnologies Corporation,

Victoria, BC, Canada), used at a dilution of 1:80; Mab specific for

Hsp70 (C92F3A-5; StressGen Biotechnologies Corporation), used

at a dilution of 1:70; Mab specific for bcl-2 (124; DAKO A/S,

Glostrup, Denmark), used at a dilution of 1:40; and Mab specific

for bax (B-9; Santa Cruz Biotechnology, Inc., Santa Cruz, CA,

USA), used at a dilution of 1:100. Immunohistochemical staining

was performed by the standard avidin-biotin-peroxidase complex

(ABC) method, as described previously (19-21). Briefly, each 4-Ìm

tissue section was deparaffinized, rehydrated and incubated with

fresh 0.3% H2O2 in methanol for 30 min at room temperature.

After rehydration through a graded ethanol series, the sections

were microwaved in zinc sulfate heptahydrate buffer at 90ÆC for

10 min for anti-p53 Mab, microwaved in 1 mM EDTA buffer (pH

8.0) at 90ÆC for 10 min for p21, or microwaved in 10 mM citrate

buffer (pH 6.0) at 90ÆC for 10 min for anti-bcl2 Mab and anti-bax
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Table I. Correlation between clinicopathological characteristics and effect.

Parameters effective ineffective p-value

(n=45) (n=16)

Gender

Male (n=53) 39 14 0.93

Female (n=8) 6 2

Age mean±SD 66.4±10.4 64.0±11.5 0.44

Location

Ce (n=3) 3 0 0.20

Ut (n=10) 7 3

Mt (n=35) 23 12

Lt (n=13) 12 1

Histology

Well (n=16) 12 4 0.89

Moderately (n=25) 19 6

Poorly (n=20) 14 6

TNM clinical classification

Depth of invasion

T1 (n=4) 4 0 0.12

T2 (n=6) 5 1

T3 (n=24) 20 4

T4 (n=27) 16 11

Regional lymph nodes 0.096

N0 (n=28) 24 4

N1 (n=33) 21 12

Distant metastasis 0.64

M0 (n=41) 31 14

M1 (n=20) 10 6

Stage

I (n=4) 4 0 0.058

II (n=11) 11 0

III (n=26) 16 10

IV (n=20) 14 6
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Figure 1. Representative photomicrographs of tissue sections immunostained for candidate markers (x 100). (A) p53 and (B) p21 were detected in the
nuclei of cancer cells. (C) bcl2, (D) bax, (E) Hsp27 and (F) Hsp70 were detected in the cytoplasm of cancer cells.



Mab, and cooled to 30ÆC. After incubation with normal horse

serum for 30 min, the sections were then incubated with Mabs at

their optimum dilution at 4ÆC overnight, washed in phosphate-

buffered saline and incubated with secondary antibody for 30 min

at room temperature. Immunohistochemistry was performed using

the ABC method (Vectastain Lab., Inc., Burlingame, CA, USA).

The chromogen was 3,3’-diaminobenzidine tetrahydrochloride,

applied as a 0.02% solution containing 0.0055% H2O2 in 50 mM

ammonium acetate-citric acid buffer (pH 6.0). The sections were

lightly counterstained with hematoxylin. Negative controls were

prepared by substituting normal mouse serum for each primary

antibody, and no detectable staining was evident.

Evaluation of staining of markers. When >20% of the carcinoma

cells in a given specimen were positively stained, the sample was

classified as Hsp27- and Hsp70-positive (+); when <20% of the

tumor cells were stained it was considered negative (20). For p53,

p21, bcl2 and bax, when >10% of the tumor cells were stained, the

sample was graded as positive and when <10% of the cells were

stained it was considered negative (–) (19, 21).

Statistical analysis. Statistical analysis was performed using the ¯2 test,

Fisher’s exact test and the Mann-Whitney U-test. Survival curves of

the patients were prepared using the Kaplan-Meier method and

analysis was carried out by the log-rank test. Multiple analysis of

variance (MANOVA) was performed for multivariate statistics.

ANTICANCER RESEARCH 25: 2749-2756 (2005)

2752

Table II. Correlation between expression of predictors and clinicopathological characteristics or effect of treatment.

p53 p21 bcl-2 bax Hsp27 Hsp70

Parameters positive p-value positive p-value positive p-value positive p-value positive p-value positive p-value

(n=33) (n=37) (n=24) (n=25) (n=40) (n=29)

Gender 0.8 0.51 0.37 0.32 0.84 0.88

Male (n=53) 24 33 22 23 35 25

Female (n=8) 4 4 2 2 5 4

Location 0.93 0.33 0.82 0.76 0.80 0.87

Ce (n=3) 1 3 1 1 2 1

Ut (n=10) 4 7 5 4 7 4

Mt (n=35) 17 21 14 13 24 18

Lt (n=13) 6 6 4 7 7 6

Histology 0.19 0.20 0.0006 0.64 0.95 0.58

Well (n=16) 9 7 0 6 11 6

Moderately (n=25) 8 18 12 12 16 12

Poorly (n=20) 11 12 12 7 13 11

Depth of invasion 0.21 0.92 0.34 0.34 0.25 0.065

T1 (n=4) 0 3 0 0 1 0

T2 (n=6) 2 4 3 3 5 1

T3 (n=24) 13 14 11 11 15 14

T4 (n=27) 13 16 10 10 19 14

Regional lymph nodes 0.66 0.60 0.59 0.20 0.73 0.0012
N0 (n=28) 12 16 10 9 19 7

N1 (n=33) 16 21 14 16 21 22

Distant metastasis 0.92 0.80 0.66 0.52 0.17

M0 (n=41) 19 26 0.53 13 16 28 17

M1 (n=20) 9 11 11 9 12 12

effective (n=45) 17 0.033 31 0.027 20 0.17 20 0.36 25 0.0057 17 0.010
ineffective (n=16) 11 6 4 5 15 12

Table III. Multivariative analysis of candidates.

F-value p-value

Hsp27 4.75 0.0345

p21 3.41 0.0714

Hsp70 2.36 0.132

p53 0.78 0.781



Results

The characteristics of the study population are shown in

Table π. According to the histological differentiation, the

incidence of well-differentiated ESCC was 26.2%,

moderately-differentiated ESCC was 41.0% and poorly-

differentiated ESCC was 32.8%. Adventitial invasion was

seen by imaging in 27 patients (44.3%) and lymph node

metastasis occurred in 33 (54.1%). The primary tumor

response rate was complete response in 26.2% (16/61),

partial response in 47.5% (29/61) and no change in 26.2%

(16/61). The cases were divided into two groups for analysis:

EG and IG. The response rate (complete and partial

response) of the primary lesion in the 31 patients treated

with chemo-radiotherapy was 74.2% (23/31). The response

rate of the primary lesion in the 30 patients treated with

radiotherapy was 73.3% (22/30).

Relationship between clinicopathological factors and
immunohistochemical findings. The expression of each

potential predictive marker was investigated by

immunohistochemical analysis of formalin-fixed, paraffin-

embedded specimens using Mabs. Immunostaining for p53

and p21 proteins was detected in the nucleus of esophageal

cancer cells (Figure 1A, B). bcl2, bax, Hsp27 and 70

proteins were detected in the cytoplasm of cancer cells

(Figure 1C-F). A summary of the correlation between

clinicopathological factors and the expression of each

marker is shown in Table II. As the expression tendency for

each marker was the same in all patients irrespective of

treatment, the expression tendency for each marker was

analyzed in all patients together. p53-positive patients had

a significantly poorer response to treatment than p53-

negative patients (p=0.033). However, there was no

relationship between clinicopathological factors and

expression of p53. p21-positive patients were good

responders (p=0.027), although there was no correlation

between clinicopathological factors and expression of p21.

Expression of bcl2 was correlated with tumor differentiation

(p=0.0006). There was no relationship between

clinicopathological factors and expression of bax. Neither

bcl2 nor bax expression was related to the efficacy of

therapy. Hsp27-negative patients were also good responders

to treatment (p=0.0057), although there was no correlation

between clinicopathological factors and expression of

Hsp27. Hsp70-negative patients were good responders

(p=0.010). Expression of Hsp70 was correlated with lymph

node metastasis (p=0.0012).

Multivariate analysis of the 4 factors, p53, p21, Hsp27 and

Hsp70, which had a significant correlation with efficacy of

treatment, was then carried out (Table III). Of these 4

candidates, Hsp27 was found to be the most reliable marker

of the efficacy of chemo-radiotherapy and radiotherapy. 
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Figure 2. Overall survival post-treatment related to tumor response.
Patients in the effective group had a significantly more favorable prognosis
than those in the ineffective group (2-year survival rate: positive, 40%;
negative, 6.3%; p=0.0061).

Figure 3. Overall survival post-treatment related to p53 expression. p53-
negative patients had a significantly more favorable prognosis than those
with p53-positive expression (p=0.039).

Figure 4. Overall survival post-treatment related to Hsp70 expression.
Hsp70-negative patients had a significantly more favorable prognosis than
those with Hsp70-positive expression (p=0.038).



The survival rates of the patients given ineffective

treatment were significantly lower than those of the group

given effective treatment (p=0.0061; Figure 2). The 2-year

survival rate for the EG was 40%, whereas that for the IG

was 6.3%. p53-negative patients had a more favorable

prognosis than p53-positive patients (p=0.039; Figure 3).

Hsp70-negative patients also had a more favorable

prognosis than Hsp70-positive patients (p=0.038; Figure 4).

There was no relationship between expression of the other

markers and prognosis.

Discussion

The aim of this study was to evaluate whether it was possible

to predict the likely effects of treatment using biopsy

specimens from ESCC before treatment was initiated. The

results show that cancer tissue from good responders had

positive p21 expression and negative p53, Hsp27 and Hsp70

expressions. The p53 and p21 genes are associated with G1

arrest during the cell cycle and with apoptosis. p53 is one of

the most common tumor suppressor genes, and shows a

mutation in many human cancers (22). p53 mutation was

reported with high frequency in esophageal cancer (23). On

the other hand, there have been few reports on the genomic

alteration of p21. A correlation between accumulation of p53

protein (probably due to a mutated p53 gene) and other

types of chemosensitivity or radiosensitivity has been

reported (5, 6, 10). Nakashima et al. (24) reported that

chemotherapy was effective against metastatic lymph nodes

which were p53-negative but p21-positive. The results of the

current study support these results.

bax and bcl2 have been reported to regulate apoptosis

positively and negatively, respectively (25-28). However, the

current results showed no relationship between the efficacy

of treatment and expression of bax or bcl2. Shimoji et al. (8)

reported that the effects of radiotherapy were correlated with

p53 expression, but that bcl2 and bax expressions showed no

relationship with the effect of radiotherapy in ESCC. 

Heat-shock proteins are a set of highly evolutionarily

conserved proteins found in nearly all organisms. They are

known to be induced by various kind of stress, including

exposure to non-physiological temperatures, anoxia or

chemical agents. One of their most important functions is

to act as molecular chaperones, implicated in cellular

protection mechanisms (29). Both Hsp27 and Hsp70 could

be used to predict the effect of treatment in this study.

Multivariate analysis revealed that Hsp27 was the most

reliable indicator of the efficacy of chemo-radiotherapy and

radiotherapy. Furthermore, 20 out of 21 Hsp27-negative

patients underwent effective treatment, indicating that

chemo-radiotherapy and radiotherapy may be indicated in

Hsp27-negative tumors.

p53-negative and Hsp70-negative patients had a more

favorable prognosis than p53- and Hsp70-positive patients.

However, Hsp27-negative patients did not have more

favorable prognosis than Hsp27-positive patients. The

reason for this discrepancy, namely that the most reliable

factor did not relate to prognosis, is unclear. However it was

thought that this discrepancy was due not only to the

response of the primary lesion, but also to many other

factors which influenced the prognosis. For example, Hsp70

may have been influenced by lymph node metastasis.

Patients will benefit greatly when there is accurate

information available about the likely effects of treatment

before treatment is started. Further work is required to

elucidate the factor or combination of factors which best

reflect the effects of treatment. These factors might be

available not only as predictors, but also as targets for

treatment. For example, sensitivity to treatment might be

increased if these alterations of function and expression are

normalized.

In conclusion, expression of Hsp27 was a good predictor

of the response of ESCC to chemo-radiotherapy and

radiotherapy. This might be useful in helping clinicians to

decide on the best clinical policy and treatment in patients

with ESCC.

Acknowledgements

We wish to thank R. Aoyagi for excellent technical assistance, A.

Nakabayashi, T. Ogasawara, H. Emura, S. Ueno and Y. Saitoh for

their excellent secretarial assistance, and M. Ohno for assistance

with the data management and biostatistical analysis.

References

1 Pisani P, Parkin DM and Ferlay J: Estimates of the worldwide

mortality from eighteen major cancers in 1985. Implications for

prevention and projections of future burden. Int J Cancer 55:

891-903, 1993.

2 Berrino F, Sant M, Verdecchia A et al: Survival of cancer

patients in Europe – the Eurocare study. Lyon: IARC, 1995.

3 Ando N, Iizuka T, Kakegawa T et al: A randomized trial of

surgery with and without chemotherapy for localized squamous

carcinoma of the thoracic esophagus: the Japan Clinical Oncology

Group Study. J Thorac Cardiovasc Surg 114: 205-209, 1997.

4 Law S, Fok M, Chow S et al: Preoperative chemotherapy versus
surgical therapy alone for squamous cell carcinoma of the

esophagus: a prospective randomized trial. J Thorac Cardiovasc

Surg 114: 210-217, 1997.

5 Moreira LF, Naomoto Y, Hamada M et al: Assessment of

apoptosis in oesophageal carcinoma preoperatively treated by

chemotherapy and radiotherapy. Anticancer Res 15: 639-644,

1995.

6 Muro K, Ohtsu A, Boku N et al: Association of p53 protein

expression with responses and survival of patients with locally

advanced esophageal carcinoma treated with chemoradiotherapy.

Jpn J Clin Oncol 26: 65-69, 1996.

ANTICANCER RESEARCH 25: 2749-2756 (2005)

2754



7 Ikeguchi M, Maeta M and Kaibara N: Bax expression as a

prognostic marker of postoperative chemoradiotherapy for

patients with esophageal cancer. Int J Mol Med 7: 413-417, 2001.

8 Shimoji H, Miyazato H, Nakachi A et al: Expression of p53, bcl-

2, and bax as predictors of response to radiotherapy in

esophageal cancer. Dis Esophagus 13: 185-190, 2000.

9 Szumilo J, Chibowski D and Dbrowski A: Assessment of the

predictive value of clinical and histopathological factors as well

as the immunoexpression of p53 and bcl-2 proteins in response

to preoperative chemotherapy for esophageal squamous cell

carcinoma. Dis Esophagus 13: 191-197, 2000.

10 Kitamura K, Saeki H, Kawaguchi H et al: Immunohistochemical

status of the p53 protein and Ki-67 antigen using biopsied

specimens can predict a sensitivity to neoadjuvant therapy in

patients with esophageal cancer. Hepatogastroenterology 47:

419-423, 2000.

11 Takeno S, Noguchi Y, Takahashi Y et al: Immunohistochemical

and clinicopathologic analysis of response to neoadjuvant

therapy for esophageal squamous cell carcinoma. Dis

Esophagus 14: 149-154, 2001.

12 Rau B, Gaestel M, Wust P et al: Preoperative treatment of

rectal cancer with radiation, chemotherapy and hyperthermia:

analysis of treatment efficacy and heat-shock response.

Radiation Res 151: 479-488, 1999.

13 Sasaki Y, Tamura T, Eguchi K et al: Pharmacokinetics of

(glycolate-0,0')-diammine platinum (II), a new platinum

derivative, in comparison with cisplatin and carboplatin. Cancer

Chemother Pharmacol 23: 243-26, 1989.

14 Suzumura Y, Kato T, Ueda R and Ota K: Effect of treatment

schedule on antitumor activity of glycolate-0,0'-diammine-

platinum(II), a new platinum derivative: comparison with cis-

diamminedichloroplatinum(II). Anticancer Res 9: 1083-1088, 1989.

15 Sasaki Y, Fukuda M, Morita M et al: Prediction from creatinine

clearance of thrombocytopenia and recommended dose in

patients receiving (glycolato-O,O')-diammine platinum (II)

(NSC 375101D). Jpn J Cancer Res 81: 196-200, 1990.

16 Fukuda M, Shinkai T, Eguchi K et al: Phase II study of

(glycolate-O,O') diammineplatinum(II), a novel platinum

complex, in the treatment of non-small-cell lung cancer. Cancer

Chemother Pharmacol 26: 393-396, 1990.

17 Akaza H, Togashi M, Nishio Y et al: Phase II study of cis-

diammine(glycolato)platinum, 254-S, in patients with advanced

germ-cell testicular cancer, prostatic cancer, and transitional-

cell carcinoma of the urinary tract. 254-S Urological Cancer

Study Group. Cancer Chemother Pharmacol 31: 187-192, 1992. 

18 Japanese Society for Esophageal Diseases: Guidelines for the

Clinical and Pathological Studies on Carcinoma of the

Esophagus. 9th edition. Tokyo: Kanehara, 1999.

19 Miyazaki T, Kato H, Shitara Y et al: Mutation and expression of

the metastasis suppressor gene KAI1 in esophageal squamous

cell carcinoma. Cancer 89: 955-962, 2000.

20 Nakajima M, Kuwano H, Miyazaki T et al: Significant

correlation between expression of heat shock proteins 27, 70

and lymphocyte infiltration in esophageal squamous cell

carcinoma. Cancer Lett 178: 99-106 2002.

21 Kato H, Yoshikawa M, Fukai Y et al: An immunohistochemical

study of p16, pRb, p21 and p53 proteins in human esophageal

cancers. Anticancer Res 20: 345-349, 2000.

22 Hollstein M, Sidransky D, Vogelstein B and Harris CC: p53

mutations in human cancers. Science 253: 49-53, 1991.

23 Hollstein MC, Metcalf RA, Welsh JA, Montesano R et al:
Frequent mutation of the p53 gene in human esophageal

cancer. Proc Natl Acad Sci USA 87: 9958-9961, 1990.

24 Miyashita T and Reed JC: Tumor suppressor p53 is a direct

transcriptional activator of the human bax gene. Cell 80: 293-

299, 1995.

25 Nakashima S, Natsugoe S, Matsumoto M et al: Expression of

p53 and p21 is useful for the prediction of preoperative

chemotherapeutic effects in esophageal carcinoma. Anticancer

Res 20: 1933-1937, 2000.

26 Korsmeyer SJ: BCL-2 gene family and the regulation of

programmed cell death. Cancer Res 59: S1693- S1700, 1999.

27 Hanada M, Aime-Sempe C, Sato T and Reed JC: Structure-

function analysis of Bcl-2 protein. Identification of conserved

domains important for homodimerization with Bcl-2 and

heterodimerization with Bax. J Biol Chem 270: 11962-11969, 1995.

28 Reed JC, Miyashita T, Takayama S et al: BCL-2 family proteins:

regulators of cell death involved in the pathogenesis of cancer

and resistance to therapy. J Cell Biochem 60: 23-32, 1996.

29 Ciocca DR, Oesterreich S, Chamness GC et al: Biological and

clinical implications of heat shock protein 27,000 (Hsp27): a

review. J Natl Cancer Inst 85: 1558-1570, 1993.

Received January 11, 2005
Accepted May 5, 2005

Miyazaki et al: Predictors of Treatment Response in Esophageal SCC

2755


