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Radiation is k n o w n to induce D N A damage resulting in the onset of apoptosis. The apoptosis is
modulated by p53, Bcl2 and Bax proteins. High
level of wild type p53 is required for radiation
induced apoptosis. The p53 status, therefore, may
be a crucial determinant of radiosensitivity of
tumor cells. Overexpression of Bcl2, however,
inhibits apoptosis via hetero- and homodimeric
interaction. Bax might function as a cell death
effector molecule that is neutralized by Bcl2. The
aim of the present study is to investigate the correlation b e t w e e n p53, Bcl2, Bax and c-myc levels and
the clinical response of head and neck cancer
patients to radiation. The base line and 30 GY

gamma radiation induced values of p53, Bcl2, Bax
and c-myc were estimated by Western blot in 40
biopsies of head and neck cancers. We f o u n d that
the r a d i o s e n s i t i v i t y of head and neck cancer
patients depends on the ratio of p53, Bcl2 and Bax
protein levels. High Bcl2 levels resulted in radioresistance of cancer patients. Overexpression of Bax
and c-myc may ensure the radiosensitivity of head
and neck cancer patients. Our studies indicate that
prediction of radiation sensitivity of tumors could
be based on the simultaneous evaluation of p53,
Bax and Bcl2 levels. (Pathology Oncology Research
Vol 3, No 3, 204-210, 1997)
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Introduction

Fractionated radiotherapy plays an integral role in the
management of head and neck cancers. Most squamous
cell carcinomas of the head and neck (SCCHN) respond to
radiotherapy, but not all. Tumor growth might continue
during radiotherapy or metastasis may develop in the neck
during treatment.
There have been some attempts to identify factors predicting response to radiotherapy. Among others, measurement of the tumor doubling time ~ and the micronucleus assay 32 have been applied, It was shown recently
that ionizing radiation induces DNA damage followed by
apoptosisJ 4 An increasing body of evidence suggests
that apoptosis is an integral part of the cytotoxicity of
various anticancer therapeutic agents. 2~Therefore, several attempts have been made to establish a correlation
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between apoptosis and drug sensitivity of the tumors.
Positive correlation between apoptosis and chemosensitivity of cancer cells has been reported. ~'~Regarding the
molecular mechanism of apoptosis, a central role of p53
in the regulation of programmed cell death has been proposed. While most reports lend support for the idea that
wild type p53 is indispensable for apoptosis, ~3 others
have provided evidence for the existence of a p53 independent apoptotic pathway. ~It has become clear that several genes are involved in the regulation of apoptosis,
including p53 and various Bcl2 related genes (Bax,
BclXLjs, Bad). The mechanism of p53-mediated apoptosis was linked to p53-dependent upregulation of Bax and
downregulation of Bcl2Y p53 is known to bind to DNA
in a sequence specific manner and to regulate the transcription of several genes, 8'1~'15involved in cell proliferation (p21), DNA repair (GADD45), and apoptosis (Bax,
Bcl2).
Wild type p53 maintains genomic stability by arresting
cells at the G1/S interface, thus providing opportunities for
repairing damaged DNA] If the repair fails, p53 may trigger cell suicide by apoptosis. Intracellular levels of p53
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increase dramatically in response to a variety of DNA
damaging agents. ~4 The chemoresistance of the tumors
partly may be attributed to a decreased cellular susceptibility to apoptosis. Therefore, the p53 status of the tumor
may be an important determinant of the efficacy of many
treatment protocols, p53 mutation is very common in
SSCHN. 38 It has been reported that only wild type p53 can
mediate the radiation induced apoptotic pathway. 2~ On the
other hand, increased therapeutic sensitivity of tumor cells
containing mutated p53 has also been reported. 2'~* Some
studies have demonstrated that not all forms of apoptosis
require p53. s p53 independent cytotoxicity was shown to
be more pronounced at relatively high doses of radiation] 5
Factors that modulate p53 function could also influence
cellular resistance to anticancer therapy. These factors
include human papilloma virus E6 protein 35 and overexpression of Bcl2 oncogene. 4 Upregulation of the c-myc
oncogene also sensitizes cells to apoptosis. 9 The aim of
this study was to determine whether p53, Bcl2, Bax and cmyc levels have any influence on the outcome of curative
radiotherapy in head and neck cancer patients.
Our results have shown that the predictive value of the
constitutive p53 level is very low. Upregulation of Bcl2
induced the radioresistant phenotype. Whereas upregulation of Bax and overexpression of c-myc were associated
with the radiosensitivity of head and neck cancer patients.
Materials and Methods
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Western blot
Tissue were homogenized in RIPA buffer containing
1% NP40, 0.5% Na-deoxycholate, 0.1% SDS, 1.0 mM
PMSE 50 p g / m l leupeptin in PBS and disrupted using a
polytron homogenizer. Debris was removed by centrifugation at 12.000g for 30 rain. The resulting supernatants
were size-fractionated by 7.5-12% SDS-PAGE and transferred to Immobilon P membrane (Sigma), blocked in PBS
containing 10% FCS and 0.1% Tween. Membranes were
incubated overnight at 4~ in primary antibodies dissolved
in blocking buffer, then washed three times in blocking
buffer (15 rain each) and incubated for 45 rain in secondary antibody. (Anti-rabbit and anti-mouse IgG-alkaline
phosphatase conjugates.) Following the secondary antibody, blots were washed three times in PBS/0.1% Tween,
then developed using NBT/BCIP. Primary antibodies were
as follows: p53-specific monoclonal antibody, PAb 1801
(Biogenex) Bcl2, and c-myc MAb (Dako).
Results

Response to radiotherapy
Among the 20 untreated patients who received 60 GY
fractionated radiotherapy, 8 patients (40%) achieved complete remission (CR). 8 patients (40%) showed partial remission (PR). Four patients (20%) had minimal or no response,
showing that these cancers were radioresistant (R).

Patients
Control %

Internal control %
Twenty patients (3 females and 17 males) with stage T~
N0-T3N2 head and neck tumors were included in this study.
The median age at the time of diagnosis was 55,6 years
(range 44-75 years). All tumors were histologically verified
squamous cell carcinoma. Eight tumors were well differentiated, six rumors were moderately differentiated and six
tumors proved to be undifferentiated. All tumors were
localised in the mesopharynx. Fourty biopsies have been
collected before and after radiotherapy form 20 patients for
Westwrn blot analysis and histological studies. The patients
received no chemotherapy before the radiation. All patients
received 60 GY in 2 GY fractions, five fractions per week.
The efficacy of radiotherapy was evaluated by the palpation
of the regional lymph nodes, and measurements of tumor
volume were recorded after 6 weeks of radiotherapy.
Complete remission of the tumor (CR) means that no residual tumor could be observed at the original site of the primary tumor after 6 weeks of the 60 GY irradiation. In the
case of partial remission (PR), the tumor volume decreased
by 50%. The volume of the resistant tumor (R) declined by
less than 50%. The levels of apoptotic proteins have been
evaluated before the irradiation and after 30 GY. The second
biopsies were collected after 4 hours of 30 GY irradiation.
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Figure 1. P53 levels of head and neck cancers
A. The baseline levels of p53 were estimated prior to the radiotherapy, ~t densitomery of Western blots. All data were normalized to 20 pg protein of Hep2 laryngeal carcinoma cells.
R= radioresistant patient, PR= partial remission, CR= complete remission. Differences in the constitutive p53 levels of
patients were not statistically significant.
B. Radiation induced p53 values of head and neck cancer. 30
GY irradiation induced a six-fold increase in the p53 levels
of CR patients (p<O.05).
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1A. Hep2 laryngeal carcinoma cells have been applied as an
internal control. The densitometric values of each blot were
normalized to the O.D. value of 20 lag protein of HEP cells.
Our results have shown that there is no significant correlation between the baseline p53 value (0 GY) and the clinical
response of the patients. We did not observe any p53 protein
overexpression in radioresistant patients prior to the radiotherapy (Fig. 1A).
Although the highest constitutive p53 level could be
detected in PR and CR patients, its statistical significance
could not be proved (p---0,0797 R/PR). Similarly, although
the p53 level is the lowest in; the radioresistant patients,
this finding is statistically not significant.
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Figure 2. Bcl2 levels of head and neck cancers
A. Constitutive Bcl2 levels of R, PR, CR head and neck cancer
patients do not show statistically significant differences

(p<o.os).
B. Bcl2 level is upregulated in R patients and downregulated in
CR patients (p<O.05).

Constitutive level of p53
The p53 status of the patients was determined prior to
the radiotherapy using 1801 MAb, which recognizes wildtype as well as mutant forms of p53 proteins. The constitutive levels of p53 were measured by densitometric
analysis of Western blot in 20.biopsies of head and neck
carcinomas. The major goal of this investigation was to
decide whether the radiosensitivity of squamous carcinomas of head and neck (SSCHN) could be predicted on the
basis of p53 levels prior to the therapy. The baseline p53
levels (0 GY) of R, PR and CR patients are shown in Fig.
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Radiation induced p53 levels in SSCHN patients
Since our studies have shown that the baseline levels of
p53 have no effect on the clinical response, the radiationinduced p53 expression was also been studied in SSCHN
patients. We found no increase in the p53 levels of the
radioresistant patient (4/20) after 30 GY irradiation. At the
same times, a six-fold increase in the p53 level could be
detected in the patients with complete remission (Fig. 1B).
The radiation induced increase in p53 levels of the CR
patients proved to be statistically significant (p<0,05)
compared to the radioresistant patients.

Bcl2 status of SSCHN patients
The baseline value (0 GY) of Bcl2 is almost identical
in the PR and CR patients (Fig. 2A). The Bcl2 level in
radioresistant patients is lower than that of PR and CR
patients. The most important finding of our studies is that
Bcl2 level is elevated after 30 GY radiotherapy upregulares Bcl2 in the radioresistant (R) patients (Fig. 2B) and
downregulates Bcl2 in the radiosensitive patients (CR).
The radiation induced changes in Bcl2 levels proved to be
statistically significant (p=0,0078; R/CR).

Bax status of SSCHN patients
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Figure 3. Bax levels of head and neck cancers
A. The Bax level is the lowest in the radioresistant patients
(p<O.05).
B. 30 GY irradiation significantly (p<O.05) increased the Bax
levels of radiosensitive patients (CR).

The baseline Bax levels of SSCHN patients are shown
on Fig. 3A. The constitutive levels of Bax were found to
be lowest in the radioresistant patients. The Bax levels of
CR and PR patients were significantly higher than that of
the R patients (p<0,05). The expression of Bax has also
been evaluated after irradiation with 30 GY. Densitometric
analysis revealed no evidence for post-irradiated increase
of Bax in radioresistant patients (Fig.3B). In contrast, a
three-fold increase in Bax levels was detected by
immunoblot analysis in tumor samples of SSCHN patients
with complete remission (Fig. 3B). The post-irradiated
increase in Bax expression was found to be statistically
significant (p<0,05).
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Figure 4. Western blot of p53, Bcl2, and Bax proteins qf radiation sensitive patients (CR). Radiation induced upregulation
of p53 and Bax and downregulation of Bcl2 could be observed.

Figure 5. Western blot of p53, Bcl2, and Bax levels of radioresistant head and neck tumors. Radiation induced no increase in
p53 or Bax level. Bcl2 level is increased after irradiation.

Fig. 4 shows a Western blot on p53, Bcl2 and Bax levels of radiation sensitive patients. Radiation induced p53
protein stabilization, upregulation of Bax and downrcgulation of Bcl2. We found that radioresistant tumors failed to
exhibit p53 accumulation in response to ionizing radiation
(Fig. 5.). The Bcl2 levels are elevated while the Bax
changes remained unchanged in the radioresistant patients
after 30 GY irradiation.

fiicting data in the literature, in this study we have
addressed the importance of p53 status with respect to the
sensitivity of head and neck tumors to irradiation. The p53
protein has been detected by Western blot analysis using
1801 MAb, which is able to detect both the wild and
mutant forms of p53.
It is presumed that p53 overexpression recognized by
antibodies (immunohistochemistry, Western blot) might
indicate the presence of mutm~t p53. Mutation can increase
the half life of p53 and induce protein accumulation. 3~Our
results have shown that the constitutive level of p53 is
higher in patients with partial or complete remission, than
in the radioresistant patients. This finding might favour the
idea that p53 mutation is correlated with the radiosensitiv-

c-Myc status of SSCHN patient
The c-myc levels have been evaluated by densitometry
of Western blot. Our results have shown that the c-myc
levels in tumors of CR patients are significantly (p<0.05)
higher compared to the radiation resistant patients (Fig. 6).
Discussion
The finding that p53 function is lost in many human
tumors, including head and neck cancers, has led to the
assumption that mutation of p53 is causally associated
with sensitivity/resistance to anticancer therapy. ~9 [f
tumors lack wild-type p53, their capacity for DNA repair
is also lost.~4'3~ This model predicts that tumors with wildtype p53 have enhanced DNA repair leading to increased
survival (,decreased therapeutic sensitivity) compared to
tumors with mutated p53.
Some previous studies have indeed shown that p53
mutation resulted in enhanced sensitivity to ionizing radiationY"7 At the same time, others have found no correlation between p53 status and radiosensitivity. TM More
recently, a positive correlation between wild-type p53 and
radiosensitivity has been reported) ~ Because of the conVol. 3, No 3, 1997
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Figure 6. The c-myc values of head and neck cancers. The
radiosensitive tumors (CR) contain hiyher amounts of c-myc
than the radioresistant head and neck cancers (p<O.05).
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ity of head and neck cancer patients. However, it turned
out recently, that no precise correlation was found
between p53 gene alteration and increased level of protein. 3~ Missense mutations of p53 were associated with
protein accumulation, and it is logical that no such mutation was found among the immunonegative tumors. 6 The
molecular basis of the p53 protein stabilization is not clear
and could be due to a variety of mechanisms including
phosphorylation/dephosphorylation and binding to stabilizing proteins (mdm2, E6). All these mechanisms may
function to prevent entry of p53 into ubiquitin-dependent
proteolysis. 7
The mutated p53 protein may favour a proliferationpermissive conformation. It has been suggested that wildtype p53 can adopt a mutant conformation (protein stabilization) under conditions of active cellular proliferation.
Our data have shown that there is no significant correlation between the baseline p53 levels and the clinical
response of head and neck cancer patients. Our results
agree with the results of previous investigations of Wilson
et al 1995 and Tan 1997, 37`38who also found no correlation
between the baseline p53 status and response to radiotherapy of the head and neck cancer patients. Therefore we can
conclude that the constitutive levels of p53 have a very
low predictive value in the case of radiotherapy. Since the
p53 accumulation did not indicate either the p53 mutation
or the transcriptional activity of p53, we studied the radiation induced p53, Bax and Bcl2 expression after 30 GY
irradiation. We found that the p53 level is elevated in
patients with complete remission but no p53 increase
could be detected in the radioresistant patients. This difference is found to be statistically significant (p<0.05). To
our knowledge this study is the first one which analyze the
p53 levels during radiotherapy.
Head and neck cancer offers an excellent model for the
monitoring of p53 status because the continuos collection
of biopsies during the therapy is feasible. Our data indicated that the post-irradiation p53 status has a higher predictive value than that of the baseline value. Radiation has
been shown to increase not only the p53 protein level but
also to enhance its transcriptional activity. ~7 It should be
noted that the transcriptional targets of the wild type and
mutated p53 are not the same. Transcriptional activation
of basic fibroblast growth factor gene by mutant p53 has
also been demonstrated. 38 Mutant p53 regulation of MPRI
gene promoter activity has also been documented. 4~ The
wild type p53 is known to increase the transcription of
p21, GADD 45, Bax 17'25 and downregulates the expression
of Bcl2. 23Therefore the evaluation of GADD 45, Bax gene
expression after irradiation might contribute to the identification of wt or mutated p53.
Bcl2 is known to play a role in promoting cell survival
by inhibiting apoptosis) 2 Recently, various Bcl2 related
genes (Bax, BclXL/s, Bak, Bag) have been identified, z9

Overproduction of Bcl2 resulted in blockage of apoptosis54 The anti-apoptotic activity of Bcl2 is modulated by
Bax. Bax homodimerizes or heterodimerizes with Bcl2.
When Bax is in excess and Bax homodimers dominate
cells are susceptible to apoptosis. Bax-Bcl2 heterodimers
prevent apoptosis) (' High levels of Bcl2 expression occur
frequently in acute myeloid leukemia resulting in
chemoresistance. 4 p53 may induce apoptosis by altering
the ratio of Bcl2 and Bax . Radiation has been shown to
increase the level of Bax mRNA in tumors containing
wild-type p53, but failed to induce such an increase in
tumors with mutant p53. 39 Our studies have shown that
the constitutive level of Bax protein is significantly higher (p<0,05) in the CR patients than in the radioresistant
patients (R). We also found that the Bax protein level is
elevated after 30 GY irradiation in CR patients. At the
same time, radiation failed to induce a detectable increase
in the Bax level of R patients. Our results suggest that the
differential sensitivity of tumors to radiation-induced
apoptosis correlates strongly with whether or not Bax
expression is induced. It has been reported previously that
mutation in p53 is accompanied by a marked reduction in
the expression of Bax gene. 28 Therefore, the upregulation
of Bax in CR patients demonstrated by us lends support
for the involvement of wild-type p53 in radiation sensitivity. Our data suggest that both baseline values and radiation-induced high Bax levels have an outstanding predictive value indicating the therapeutic sensitivity of the
tumors.
The outcome of apoptosis induction depends on the
ratio of Bax: Bcl2. Thus, Bcl2 protein at levels which are
sufficiently high to compete for the p53 induced Bax,
may protect cells from p53-induced apoptosis. We found
no significant correlation between the constitutive levels
of Bcl2 and the clinical response of head and neck cancer
patients. However, a significant downregulation of Bcl2
(p<0,05) was observed after 30 GY irradiation in CR
patients. The Bcl2 levels are elevated after irradiation of
the radioresistant patients. The promoter region of Bcl2
gene is known to have a wild-type p53 responsive element therefore, its downregulation by therapeutic treatment is well documented. 22 The increased Bcl2 levels in
the irradiated R patients could be explained by the elevation of free Bcl2 rather than any changes in Bcl2 expression. Recently, a new Bcl2-related gene BclX was identified. Alternative splicing results in two BclX species
called BclXL and BclXs. BclXL appears to have functions
similar to Bcl2 in preventing apoptosis) l Therefore, it
could be suggested that the estimation of the apoptotic
threshold of tumors has to be based on the levels of Bcl2
and BclXL, as well.
It has been reported that enhanced expression of the
BclXs gene can promote apoptosis in tumors with either
wild-type or mutant p53. 3a This finding suggests that a
PATHOLOGY ONCOLOGY RESEARCH
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p53 independent apoptotic pathway also exists, such as
mediation o f apoptosis by BclXs or c-myc genes. C - m y c
has been shown to induce apoptosis under growth-restrictive states such a hypoxia, lack of nutrients. ~ We found
that the c - m y c level in the C R patients is significantly
higher (p<O.05) c o m p a r e d to the radioresistant patients.
Our finding lends further support to the idea that high cmyc levels p r o m o t e a p o p t o s i s / ~ Our data presented here
support the role o f wild-type p53 in radiation induced
cytotoxicity. Our results also indicated that the estimation of the apoptotic threshold of tumor cells could be
based on the simultaneous determination of p53, Bcl2
and Bax levels of t u m o r cells. The low baseline value o f
Bax and Bcl2 is predictive o f the radiosensitivity o f
patients. Further considerations of the predictive and
prognostic use of these markers is warranted.

References
1. Begg AC: Prediction of repopulation rates and radiosensitivity
in human tumours. Int J Radiat Biol 64:103-108, 1994.
2. Biard DSF, Martin M, Rhun L y et al: Concomitant p53 gene
mutation and increased radiosensitivity in rat lung embryo
epithelial cells during neoplastic development. Cancer Res
54:3361-3364, 1994.
3. Brachman DG, Beckett M, Graves D: p53 mutation does not
correlate with radiosensitivity in 24 head and neck carcinoma
cell lines. Cancer Res 53:3667-3669, 1993.
4. Campos L, Rouault J, Sabido O, et al: High expression of bcl-2
protein in acute myeloid leukemia cells is associated with poor
response to chemotherapy. Blood 81:3091-3096. 1993.
5. Clarke AR, Purdie CA, Harrison D J, et al: Thymocyte apoptosis induced by p53 dependent and independent pathways.
Nature 362:849-852, 1993.
6. Chen YT, Xu L, Masseg L, et al: Frameshift and nonsense p53
mutation in squamous cell carcinoma of head and neck - non reactivity with three anti p53 monoclonal antibodies. Int J
Oncol 4:609-614, 1994.
7. Cox LS and Lane DP: Tumour suppressors, kinases and clamps:
how p53 regulates the cell cycle in response to DNA damage.
BioEssays 17:501-508, 1995.
8. EI-De#y WS, Tokino 77,Velculescu VE, et al: WAFI, a potential
mediator of p53 tumor suppression. Cell 75:817-825, 1993.
9. Evan GI, Wyllie AH, Gilbert CS, et al: Induction of apoptosis in
fibroblasts by c-myc protein. Cell 69:119-128, 1992.
10. Fanidi A, Harrington EA, Evan GI: Interaction between c-myc
and bcl-2 protooncogens: a novel paradigm for oncogene cooperation. Nature 359:554-556, 1992.
11. Harper JW,, Adami GR, Wei N, et al: The p21 Cdk-interacting
protein Cip 1 is a potent inhibitor of G 1 cyclin-dependent kinases. Cell 75:805-816, 1993.
12. Hockenbery D, Nuniez G, Milliman C, et al: Bcl2 is an inner
mitochondrial membrane protein that blocks programmed cell
death. Nature 348:334-336, 1990.
13. HofJh~an B, Liebermann DA: Molecular controls of apoptosis:
differentiation/growth arrest primary response genes, protooncogenes, and tumor suppressor genes as positive and negative
modulators. Oncogene 9:1807-1812, 1994.
14. Kastan MB, Onyekwere O, Sidransky D. et al: Participation of
p53 protein in the eelhdar response to DNA damage. Cancer
Res 51:6304-6312, 1991.

Vol. 3, No 3, 1997

209

15. Kastan MB, Zhan Q, EI-Deiry WS: A mammalian cell cycle
checkpoint pathway utilizing p53 and GADD45 is defective in
ataxia-teleangiectasia. Cell 71:587-597, 1992.
16. Kerr JE Winterford CM, Harmon BF~ Apoptosis. Its significance in cancer and cancer therapy. Cancer 73:2013-2026,
1994.
17. Lane DP: p53, guardian of the genome. Nature (Lond.) 358:1516, 1992.
18. Lee .IM, Bernstein A: p53 mutations increase resistance to
ionizing radiation. Proc Natl Acad. Sci USA 90:5742-5746,
1993.
19. Lowe SW, Ruley HE, Jacks T, Housman DE: p53-dependent
apoptosis modulates the cytotoxicity of anticancer agents. Cell
74:957-967, 1993.
20. Lowe SW, Bodis S, McClatchey A, et at: p53 status and the
efficacy of cancer therapy in vivo. Science 266:807-810,
1994.
21. Mclwrath A.I, Vasey PA, Ross GM. Brown R: Cell cycle arrests
and radiosensitivity of human tumor cell lines: Dependence on
wild-type p53 for radiosensitivity. Cancer Res 54:3718-3722,
1994.
22. Miyashita T, Harigai M, Krajewski S, et al: Tumor suppressor
p53 is a regulator of bcl2 and bax gene expression in vitro and
in vivo. Oncogene 9:1799-1805, 1994.
23. Miyashita T, Krcoewski S, Krajewska M, et al: 11~morsuppressor
p53 is a regulator of bcl2 and bax gene expression in vitro and
in vivo. Oncogene 6:1796-1805, 1994.
24. Miyashita T and Reed JC: Bcl2 oncoprotein blocks chemotherapy-induced apoptosis in human leukemia cell line. Blood
81:151-157, 1993.
25. Miyashita 77.Reed JC: Tumor suppressor p53 is a direct transcriptional activator of the human bax gene. Cell 80:293-299,
1995.
26. Oltvai ZN, Milliman CL and Korsmeyer S J: Bcl2 heterodimerizes in vivo with a conserved homolog Bax, that accclerats programnlcd cell death. Cell 74:609-619, 1993.
27. Powell SN, De Frank JS, Connell P, et al: Differential sensitivity of p53 and p53 + cells to caffeine- induced radiosensitization and overside of G: delay. Cancer Res 55:1643-1648,
1995.
28, Perego P, Giarola M, Righetti SC: Association between cisplatin resistance and mutation of p53 gene and reduced Bax
expression in ovarian carcinoma cell systems. Cancer Res
56:556-562, 1996.
29. Reed JC: Bcl-2 and the regulation of programmed cell death. J.
Cell Biol. 124:1-6, 1994.
30. Rubio MP, Von Deimling A, Yandell DW. et al: Accumulation of
wild type p53 protein in human astrocytomas Cancer. Res. 53:
3465-3467, 1993.
3 l. Seholl AEApel lJ, Nunez G and Clarke ME" BclXL protects cancer cells from p53-mediated apoptosis. Oncogene 1l:13801394, 1995.
32. Shibamoto Y. Shibata 77,Miyatake S, et al: Assessment of the
proliferative activity and radiosensitivity of human tumours
using the cytokinesis-block micronucleus assay. Br. J. Cancer
70:67-71, 1994.
33. Shimamura A, Fisher DE: P53 in life and death. Clin Cancer
Res 2: 435-440, 1996.
34. Slichenmyer WJ, Nelso WG , Slebos RI, and Kastan MB : Loss of
p53-associated G~ checkpoint does not decrease cell survival
following DNA damage. Cancer Res 53:4164-4168, 1993.
35. Stewart BW: Mechanisms of apoptosis: Integration of genetic,
biochemical and cellular indicators. J Natl Cancer Inst 86:12861296, 1994.

210

C S U K A et al

36. Sumantran VN, Ealovega M~, Nunez G, et al: Overexpression
of BclX s senzitizes MCF-7 cells to chemotherapy induced
apoptosis. Cancer Research 55:2507-2510, 1995.
37. Tan LKS and Ogden GR: P53 over-expression in laryngeal carcinoma is not predictive of response to radiotherapy. Oral
Oncology 33:177-181, 1997.
38. Ueba T, Nosaka T, Takahashi JA, et al: Transcriptional regulation of basic fibroblast growth factor gene by p53 in human
glioblastoma and hepatocellular carcinoma cells. Proc. Natl.
Acad. Sci. USA 91:9009-9013, 1994.

39. Wilson GD, Richman PI, Dische S, et al: P53 status of head and
neck cancer, relation to biological characteristics and outcome
of radiotherapy. Brit J Cancer 71:1248-1252, 1995.
40. Zastawny RL, Salvino R, Chin J, et al : The core promoter region
of the P-glycoprotein gene is sufficient to confer differential
responsiveness to wild-type and mutant p53. Oncogene 8:15291535, 1993.
41. Zhang Q, Fan S, Bae I, et al: Induction of Bax by genotoxic
stress in human cells correlates with normal p53 status and
apoptosis. Oncogene 9:3743-3751, 1994.

PATHOLOGY ONCOLOGY RESEARCH

