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Abstract

A novel photosensitizer, 2-butylamino-2-demethoxy-hypocrellin A (2-BA-2-DMHA) has been found to cause high
phototoxicity to MGC803 cells mainly via apoptosis. To increase the efficiency of 2-BA-2-DMHA-mediated photo-
dynamic therapy (PDT) to MGC803 cells, we transferred the retrovirus-mediated wild-type pS3 gene to MGCS803 cells.
As a result, we found that wild-type p53 infected MGC803 cells expressed exogenous p53 mRNA and a high level of
p53 protein. Overexpression of the gene made the cells more sensitive to 2-BA-2-DMHA-mediated PDT. At a con-
centration of 0.25 uM 2-BA-2-DMHA with a red light of 10 J cm~2 (A=600-700 nm), the wild-type p53 infected
MGCB803 cell survival was 4 times lower than that associated with the parent and the empty vector infected MGC 803
cell survival. In addition, apoptosis appeared earlier in wild-type p53 infected MGC803 cells. © 2001 Elsevier Science

Ltd. All rights reserved.
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1. Introduction

It is known that photodynamic therapy (PDT) is
a promising cancer-treatment technology [1]. PDT
combines the best of radiotherapy and chemo-
therapy, has low systemic toxicity, and is repeatable.
However, Photofrin® is the only photosensitizer
that has been approved by the US FDA so far for
PDT [2]. To overcome its shortcomings such as a
complex chemical composition, low extinction
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coefficient at 630 nm and prolonged cutaneous
phototoxicity [3], scientists have been searching for
more effective compounds for PDT. In this regard,
hypocrellins, owing to their ability to produce high
quantum yields of singlet oxygen and side-directed
chemical modification, have been selected as
potential photosensitizers for PDT [4-7].

Many derivatives of the parent hypocrellins A
and B (HA and HB; Fig. 1) have been synthesized,
and their photophysical properties, mechanism of
action [8,9] and biological properties [10—13] have
been studied. Among them, 2-butylamino-2-de-
methoxy-hypocrellin A (2-BA-2-DMHA) (Fig. 1),
which exhibits stronger red-light absorption than
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2-BA-2-DMHA

Fig. 1. The chemical structures of HA, FHB and 2-BA-2-
DMHA.

its parent compound HA, has been shown to have
a 50-fold higher photopotentiation factor than

HA at a dose of 4 J cm~? of red light on human
gastric adenocarcinoma MGC803 cells [13]. The
study also showed that its phototoxicity to
MGCS803 cells mainly proceeded via apoptosis
[13]. These results suggest that 2-BA-2-DMHA is
a potential photosensitizer.

With an increasing number of cancer patients
receiving PDT worldwide, increasing the sensitiv-
ity of malignant cells to the effects of PDT has the
potential to significantly improve the cure rate of
many malignancies. Fisher and co-workers found
that the introduction of the wild-type p53 gene
made HL60 cells more sensitive to Photofrin®-
mediated PDT [14]. The p53 gene is a critical
tumor suppressor gene and HL60 cells are human
promyelocytic leukemia cells. The p53 gene nor-
mally controls cell proliferation by causing cell-
cycle arrest and apoptosis [15] and when it is
mutated the control function is lost. The results of
several studies have shown that transfection with
wild-type p53 can directly drive cells into apopto-
sis and/or growth arrest when p53 is over-
expressed, suggesting a gene therapy approach for
tumor cells lacking normal p53 function [16-20].
Therefore, an approach to increasing the photo-
toxicity of 2-BA-2-DMHA to MGCB803 cells, we
transferred wild-type p53 gene to MGCS803 cells
and examined the transfected cells’ sensitivity to 2-
BA-2-DMHA-mediated PDT.

2. Experimental
2.1. Chemicals

2-BA-2-DMHA  (2-butylamino-2-demethoxy-
hypocrellin A) was synthesized and purified using
a published method [13]. Geneticin (G418), poly-
brene, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) were obtained from
Sigma (St. Louis, MO, USA). Lipofectin reagent,
RPMI-1640 medium, Tris(hydroxymethyl) amino-
methane (Tris), fetal bovine serum (FBS), ethidium
bromide (EB) and phenylmethylsulfonyl fluoride
(PMSF) were purchased from Gibco-BRL (Grand
Island, NY, USA). Sodium dodecyl sulfate (SDS)
was obtained from Merk and Company (Rahway,
NJ, USA).
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2.2. Cell culture

Human gastric adenocarcinoma cells, MGC803
[21], packaging cell line, PA317 and NIH3T3 cells
were cultured in RPMI-1640 medium containing
5% FBS at 37 °C in a humidified atmosphere of
95% air and 5% CO,. The cells were maintained
at exponential growth in monolayer cultures with
regular medium changes.

2.3. Retrovirus vectors harboring p53 gene and
pS3-expressed MGCS803 cells

A human 1.8 kb p53 cDNA fragment from
pC53-SN3 was subcloned into the BamHI site of
retrovirus vector, pLXSN [22]. The resultant
revirus vector was termed pLXp53N. As a control,
the retrovirus vector, pLXSN itself (without p53
cDNA insert) was designated as pLXNeoN. The
DNAs extracted from plasmids pLXp53N and
pLXNeoN were transfected into PA317 packaging
cells using lipofectin reagents according to the
manufacturer’s instructions. After selection with
600 pg ml—!' G418, the drug-resistant PA317 cells
were cloned. The viral titer of the supernatant was
tested by infecting NIH3T3 cells. The cell-free
culture supernatants of G418-resistant PA317 cells
were obtained as retrovirus stocks. MGC803 cells
were incubated with the culture supernatants in
the presence of 8 pg ml~! polybrene (Sigma) and
one-half of the medium was replaced daily for 3
days. The cells were washed and maintained with
medium containing serum for a day and then the
drug selection with 400 ug mi—! G418 was started.
G418-resistant clones were examined for p53
expression with reverse transcription polymerase
chain reaction (RT-PCR) and western blot.

The parental MGCS803 cells were designated as
MGCS803-S. Transfectant MGCS803 cells expres-
sing exogenous wild-type p53 were designated as
MGCS803-p53. MGC803 cells transfected with the
empty vector LXNeoN were designated as
MGCB803-Neo.

2.4. RT-PCR analysis

Total RNA was isolated from the three cell lines
using the acid—phenol-guanidinium thiocyanate

procedure [23] and used as templates. Reverse
transcription was performed at 42 °C for 60 min
and at 95 °C for 5 min using 1.0 pg of RNA per
reaction. PCR was performed in a volume of 50
pl. The specific primers used for the packaging
signal region/p53 exon 9 of LXpS53N were a 5
primer (5-TATCCAGCCCTCACTCCTTC-3)
and a 3’ primer (5-CACGGATCTGAAGGGT-
GAAA-3). The primers used for GAPDH were
GAPDH-S (5-CGGAGTCAACGGATTTGGTG
GTAT-3') and GAPDH-AS (5-AGCCTTCTC-
CATGGTGGTGAAGAC-3). The amplification
reaction involved denaturation at 94 °C for 1 min,
annealing at 55 °C for 1 min, and elongation at
72 °C for 2 min for 30 cycles. PCR products were
resolved on 1% agarose gels and visualized by
ethidium bromide staining.

2.5. Western blot analysis

Cells were trypsinized, pelleted, rinsed with ice-
cold phosphate-buffered saline (PBS) and sus-
pended in 1xSDS polyacrylamide gel electro-
phoresis buffer (Tris—-EDTA buffer containing 2%
SDS, 10% glycerol and 100 ug ml~' PMSF) and
boiled for 10 min. Equal amounts of the proteins
(80 pg) were electrophoresed and transferred to a
nitrocellulose filter (Bio-Rad). The levels of p53
expression were measured using pS53 (DO-1)
mouse monoclonal antibody (Santa Cruz Bio-
technology, Santa Cruz, CA, USA).

2.6. Photosensitizer uptake

The cellular uptake of photosensitizer was per-
formed by modification of a previously reported
procedure [24]. Cells incubated with 2-BA-2-
DMHA for 4 h were rinsed three times with PBS to
completely remove excess dye and then detached,
counted and centrifuged. The photosensitizer was
extracted from cells by dissolving in 2.5 ml DMSO.
After centrifugation (1500 g, 15 min), fluorescence
in the supernatant was measured using a Hitachi
850 fluorescence spectrophotometer (Japan) at an
excitation wavelength of 335 nm and an emission
wavelength of 400 nm. The fluorescence peaks
were recorded and then the relative fluorescence
intensity was calculated. The experiments were
repeated four times.
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2.7. Cell treatment

Cells were incubated with 2-BA-2-DMHA and
irradiated by red light using the method described

previously [13]. In this regard, cells incubated with
2-BA-2-DMHA in RPMI-1640 medium (Gibco;

1 2 3456 738
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Fig. 2. (a) Reverse-transcription PCR analysis. Lane 1, marker
(ADNA + Hind III + EcoR I); lanes 24, exogenous p53 mRNA
expression in MGC803-p53, MGC803-S, MGC803-Neo cell
lines, respectively; lanes 5-7, GAPDH mRNA expression in the
three cell lines; lane 8, PCR marker (1543, 994, 697, 515, 377
and 237 bp). Note the exogenous p53 mRNA expression only
in MGC803-p53 cells. (b) Analysis by Western blot of p53
expression in cell lysates using the DO-I mouse antihuman p53
monoclonal antibody. Lane 1, MGCS803-S cells; lane 2,
MGC803-Neo cells; lane 3, MGC803-p53 cells.

without phenol red and serum) were trypsinized,
washed and resuspended in the same medium at a
concentration of 3x10° cells ml~!'. At that point,
the cells were exposed to different doses of red
light (more than 90% at 600-700 mm) at a power
output of 33 mW cm~2,

Cell survival was measured 20 h after photo-
sensitization using the MTT assay [13]. In summary,
control and treated cells were transferred into flat-
bottomed 96-well plates (1x10* cells ml~!) and
MTT (in PBS) was added to give a final concentra-
tion of 1 mg m1~!. The cells were incubated at 37 °C
for 4 h and then cleavage of MTT (proportional
to number of viable cells) was determined by
absorbance measurements at 595 nm using a Bio-
Rad model 3550 microplate reader (Richmond, CA,
USA). Samples were evaluated in 12 replicates and
each experiment was repeated at least twice. Data for
the survival of PDT-treated cells were normalized
against cells incubated with photosensitizer alone.

The toxicity of 2-BA-2-DMHA in the absence
of light was assessed separately, following a simi-
lar procedure for cell exposure to graded doses of
the dye for 4 h. Precautions were taken to avoid
exposure of the cells to light including red light.

2.8. Assay of apoptosis

Apoptosis was detected by the presence of
internucleosomal fragmentation of DNA on gel
electrophoresis. Cells were collected at the 1, 3,
and 12 h stages after photosensitization, and DNA
was isolated and analyzed by a method described
previously [13].

3. Results

3.1. Retrovirus-mediated p53 mRNA and protein
expression

RT-PCR analysis using a sense primer for packa-
ging signal region (PSR) near multiple cloning site
of LXp53N and an antisense primer located
within p53 extron 9 was performed to examine
whether the transduced p53 gene was expressed in
MGCS803 cells. A PSR/p53 segment was detected
in MGCS803 cells transduced with the wild-type
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p53 gene, whereas it was not present in MGCS803-S
and MGCB803-Neo cells (Fig. 2a). Western blot
evaluation revealed that the expression of p53
protein in MGC803-p53 cells was much higher
than that in MGC803-S and MGCS803-Neo cells
(Fig. 2b). These results suggested that the retro-
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Fig. 3. (a) Uptake of 2-BA-2-DMHA in the cell lines (each bar
represents the mean+standard error of four separate exper-
iments); (b) and (c) cytotoxicity and phototoxicity (0.25 pM 2-
BA-2-DMHA plus different doses of light) of 2-BA-2-DMHA
(the data plotted are the mean+standard error of at least two
experiments).

virus-mediated gene transfer and expression were
highly efficient in human gastric cancer cells.

3.2. Effect of wild-type p53 on 2-BA-2-DMHA
phototoxicity

The results summarised in Fig. 3a show that
uptake of the photosensitizer (2-BA-2MHA) was
equivalent for the three cell lines, while the results
in Fig. 3b show that the cytotoxicity of this dye to
the three cell lines in the absence of light was
similar at the same dye concentrations. Survival
curves for the three MGC803 cell lines exposed to
2-BA-2-DMHA photosensitization are shown in
Fig. 3c. The MTT measurements demonstrated
that MGCS803-p53 cells were significantly more
sensitive to the treatment than MGCS803-S and
MGCS803-Neo cells. At a dye concentration of
0.25 uM and a dose of 10 J cm~2 red light, the
phototoxicity of 2-BA-2-DMHA to MGC803-p53
cells was about 4 times higher than that to
MGC803-S and MGC803-Neo cells.

3.3. DNA fragmentation

Internucleosome DNA fragmentation, a typical
characteristic of apoptosis, was detected in
MGC803-p53 cells as early as at 1-3 h following
0.25 uM 2-BA-2-DMHA plus 10 J cm~2 red light
and increased with the incubation time (Fig. 4,
lanes 9-11). However, at the same PDT dose,
typical DNA ladder fragmentation was observed
for up to 12 h after photosensitization in the other
two cell lines. This pattern was not observed when
cells were exposed to either photosensitizer alone
or red light alone. The induction of apoptosis fol-
lowing PDT in MGC803-S cells was the same as
that in MGC803-Neo cells (data not shown).

4. Discussion

The results of this study have demonstrated that
retrovirus vector can effectively mediate wild-type
pS3 gene transfer and expression in MGCS803 cells
and that overexpression of the gene resulted in an
enhanced sensitivity of the cells to 2-BA-2-DMHA-
mediated photosensitization. It is well known that



108 H.-Y. Yang et al. | Dyes and Pigments 51 (2001) 103-110

1 23 4 5 6

7 8 9 10 11 12

Fig. 4. Gel electrophoresis analysis of DNA isolated from 13
000 g supernatants of MGC803-Neo (lanes 2—-6) and MGC803-
p53 (lanes 7-12) cells. Lane 1, PCR marker (1543, 994, 697,
515, 377 and 237 bp); lanes 2 and 8, light only (10 J cm™2);
lanes 3 and 9, 2-BA-2-DMHA incubation alone (0.25 uM, 1 h);
lanes 4-6 and 10-12, fragmented DNA isolated at 1, 3 and 12 h
after MGC803-Neo and MGC803-p53 cells were treated with
0.25 pM 2-BA-2-DMHA plus 10 J cm~2 red light; lane 7, con-
trol (serum-free for 1 h, no dye, no light).

one of the most rapidly developing strategies for
cancer gene therapy involves restoring the function
of the wild-type p53 tumor suppressor gene in
tumors using gene transfer approaches [25]. The use
of recombinant retrovirus vectors is attractive for
this purpose because of their capacity for highly
efficient infection, long-term stable gene expression
and non-toxic integration into the genome of a wide
range of cell types [26]. Many studies have shown
that transfection with the wild-type p53 gene can
sensitize cancer cells to chemotherapy [18,27-29]
and radiotherapy [30-32]. However, there are also
results indicating that there is no direct or inverse
correlation between p53 status and tumor respon-
siveness to chemotherapy [33] or radiation [34,35].
Therefore, whether transfection of p53 gene can
sensitize cancer cells to the treatment may depend
on both the specific cell type and therapy. In this
study, the delivery of exogenous wild-type p53 to
MGCS803 cells increased its sensitivity to 2-BA-2-
DMHA PDT may be associated with the combina-
tions of the cells and the photosensitizer employed.

To examine the molecular mechanism respon-
sible for increased photosensitivity in MGC803
cells infected with wild-type p53, we performed

DNA fragmentation assay and observed that
apoptosis in MGC803-p53 cells occurred much
earlier than in the other two cell lines. This indi-
cated that expression of the exogenous wild-type
p53 gene potentiated the induction of apoptosis in
the cells, and suggested that the introduction of
wild-type p53 and potentiating the induction of
apoptosis may be an effective strategy to enhance
the effects of PDT.

A remaining question is—why does wild-type
p53 gene increase photosensitivity by potentiating
apoptosis? The mechanism for increased p53
photosensitization may be related to the induction
of reactive oxygen species (ROS). It is known that
PDT-mediated ROS is the main cause of cell death
[1,2,14] and that ROS is a powerful inducer of
apoptosis [36]. The results of two studies have
suggested that ROS may mediate p53-dependent
apoptosis [37,38]. Both studies employed adeno-
virus-mediated gene transfer of wild-type p53.
Overexpression of p53 resulted in a significant
increase in ROS levels. On the other hand, p53-
mediated apoptosis was inhibited by an anti-
oxidant. In the present study, it is possible
MGCS803 cells infected with wild-type p53 main-
tained a high ROS level from an overexpression of
the exogenous p53 gene. Thus following PDT, the
MGC803-p53 cells reached the threshold of apop-
tosis [39] more quickly than MGC803-S and
MGCB803-Neo cells and then became more sensi-
tive to the treatment. Although the precise
mechanisms associated with increased p53 photo-
sensitivity requires further investigation, our
results provide further support for the use of the
p53 gene in combination with PDT in the clinical
cancer treatments.

5. Conclusions

Retrovirus vector can effectively transfer and
express pS53 protein in MGC803 cells and an
overexpression of the gene enhances the photo-
sensitivity of 2-butylamino-2-demethoxy-hypo-
crellin A-based PDT by strongly potentiating
apoptosis induction in the cells. Therefore, gene
therapy using retrovirus-mediated wild-type p53
gene transfer and expression in combination with
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PDT may provide a more effective treatment for
human gastric cancer.

Acknowledgements

This work was supported by the National Nat-
ural Science Foundation of China (Grant No.
30070194), the Special Foundation and the Young
Scientist Group Foundation of the Chinese Acad-
emy of Sciences.

References

[1] Rowe PW. Photodynamic therapy begins to shine. Lancet

1998;351:1496.
[2] Reynolds T. Photodynamic therapy expands its horizons.

Journal of the National Cancer Institute 1997;89:112-4.

[3] Gomer CJ. Preclinical examination of first and second

generation photosensitizers used in photodynamic ther-

apy. Photochem Photobiol 1991;54:1093-107.

Zhang ZY, Wang NH, Wan Q, Li MF. ESR studies of

singlet oxygen ('O,) and free radicals (O, OH, HB) gen-

erated during photosensitization of hypocrellin B. Free

Rad Biol Med 1993;14:1-9.

Wang NH, Zhang ZY. Relationship between photo-

sensitizing activities and chemical structure of hypocrellin

A and B. J Photochem Photobiol B: Biol 1992;14:207-17.

[6] Zang LY, Zhang ZY, Misra HP. ESR studies of trapped
singlet oxygen ('0,) generated during photoirradiation of
hypocrellin A. Photochem Photobiol 1990;52:677-83.

[71 Zhang ZY, Zang LY, Xu GR, Tao NB, Wang DH.
Characteristics of the primary reaction of hypocrellin A
photosensitization. Sci Sin 1989;32:1063-71.

[8] Xia WL, Zhang MB, Jiang U. The reaction between
hypocrellin B and ethanolamine. Chinese J Org Chem
1992;12:618-23.

[9] Yue JC, Liu M, Wan P, Pang SZ. Hypocrellin B-etha-
nolamine (HB-E) sensitized photodamage on rat mito-
chondrial. Acta Biol Exp Sin 1995;28:23-30.

[10] Yue JC, Pang SZ, Zhang MB, Xia WL. Photosensitized
damage of ethanolamine-HB on murine ascitic hepatoma
cells. Acta Biophys Sin 1994;10:485-92.

[11] Pang SZ, Qing J. F, Yue, J. C, An, JY Photosensitizing
damage to morphology of Hela cells by bromide of
hypocrellin B (5-Br-HB) Acta Biophys Sin 1994;10:651-6.

[12] Yue JC, Wang TD, Pang SZ, AnJY, Jiang U. Sulphonated
hypocrellin B sensitized photodamage to ascitic hepatoma
cells. J Radiat Res Radiat Process 1994;12:100-4.

[13] Zhang WG, Weng M, Pang SZ, Zhang MB, Yang HY,
Zhao HX, et al. A novel photosensitizer, 2-butylamino-2-
demethoxy-hypocrellin A (2-BA-2-DMHA), 1. Synthesis
of 2-BA-2-DMHA and its phototoxicity to MGC803 cells.
J Photochem Photobiol B: Biol 1998;44:21-8.

4

=

[s

=

[14] Fisher AMR, Danenberg K, Banerjee D, Bertino JR,
Danenberg P, Gomer CJ. Increased photosensitivity in
HL60 cells expressing wild-type pS3. Photochem Photo-
biol 1997;66:265-70.

[15] Levine AJ. The cellular gatekeeper for growth and
division. Cell 1997;88:323-31.

[16] Baker SJ, Markowitz S, Fearon ER, Wilison JKV,
Vogeistein B. Suppression of human colorectal carcinoma
cell growth by wild type p53. Science 1990;249:912-5.

[17] Ramgqvist T, Magnusson KP, Wang Y, Szekeley L, Klein
G. Wild type p53 induces apoptosis in a Burkitt lym-
phoma (BL) line that carries mutant p53. Oncogene 1993;
8:1495-500.

[18] Yang B, Stambrook PJ, Markowitz SD. Wild type p53
demonstrates functional dominance in a human colon
carcinoma cell line in which it induces reversible growth
arrest. Clin Cancer Res 1996;2:1639-47.

[19] Yin Y, Tainsky MA, Bischoff FZ, Strong LC, Wahi GM.
Wild-type p53 restores cell cycle control and inhibits gene
amplification in cells with mutant p53 alleles. Cell 1992;70:
937-48.

[20] Ypnish-Rouach E, Resnitzky D, Rotemm J, Sachs L,
Kimchi A, Aoren M. Wild type p53 induces apoptosis of
myeloid leukemic cells that is inhibited by interleukin-6.
Nature 1991;352:345-7.

[21] Wang KH. The establishment and biological character-
istics of a poorly differentiated human gastric adenocarci-
noma MGC803 cell line. Acta Biol Exp Sin 1983;16:257—
67.

[22] Miller AD, Rosman GJ. Improved retroviral vectors for
gene transfer and expression. BioTechniques 1989;7:980-90.

[23] Chomczynski P, Sacchi N. Single step method of RNA
isolation by acid guanidinium thiocyanate phenol chloro-
form extraction. Anal Biochem 1987;162:156-9.

[24] Vree WD, Fontijine-Dorsman A, Koster JF, Sluiter W.
Photodynamic treatment of human endothelial cells pro-
motes the adherence of neutrophils in vitro. British Jour-
nal of Cancer 1996;73:1335-40.

[25] Nielsen LL, Maneval DC. p53 tumor suppressor gene
therapy for cancer. Cancer Gene Therapy 1998;5:52-63.

[26] Patijn GA, Lieber A, Meuse L, Winther B, Kay MA.
High-efficiency retrovirus-mediated gene transfer into the
lives of mice. Human Gene Therapy 1998;9:1449-56.

[27] Fujiwara T, Grimm EA, Mukhopadhyay T, Zhang WW,
Owen-Schaub LB, Roth JA. Induction of chemosensitivity
in human lung cancer cells in vivo by adenoviral-mediated
transfer of the wild-type p53 gene. Cancer Res 1994;54:
2287-91.

[28] Skladanowski A, Larsen AK. Expression of wild-type p53
increases etoposide cytotoxicity in M1 myeloid leukemia
cells by facilitated G2 to M transition: implications for
gene therapy. Cancer Res 1997;5:818-23.

[29] Ogawa N, Fujiwara T, Kagawa S, Nishizaki M, Monmoto
Y, Tanida T, et al. Novel combination therapy for human
colon cancer with adenovirus-mediated wild-type p53 gene
transfer and DNA-damaging chemotherapeutic agent.
International Journal of Cancer 1997;73:367-70.



110 H.-Y. Yang et al. | Dyes and Pigments 51 (2001) 103—110

[30] Spitz FR, Nguyen D, Skibber JM, Meyn RE, Cristiano
RJ, Roth JA. Adenoviral-mediated wild-type p53 gene
expression sensitizes colorectal cancer cells to ionizing
radiation. Clin Cancer Res 1996;2:1665-71.
Gallardo D, Drazan KE, McBride WH. Adenovirus-
based transfer of wild-type pS53 gene increases ovarian
tumor radiosensitivity. Cancer Res 1996;56:489 1-4893.
[32] Xu L, Pirollo KF, Chang EH. Transferrin-liposome-
mediated p53 sensitization of squamous cell carcinoma of
the head and neck to radiation in vitro. Human Gene
Therapy 1997;8:467-75.
[33] Guptu M, Fan S, Zhan Q, Kohn KW, O’Connor PM,
Pommier Y. Inactivation of p53 increases the cytotoxicity
of camptothecin in human colon HCT116 and breast
MCEF-7 cancer cells. Clin Cancer Res 1997;3:1653-60.
Brachman SW, Beckett M, Graves D, Haraf D, Vokes E,
Weichselbaum RR. p53 mutation does not correlate with

[31

[34

(35]

[30]

(371

(38]

[39]

radiosensitivity in head and neck cancer cell lines. Cancer
Res 1993;53:3666-9.

Biard DSF, Martin M, Le Rhun Y, Lefaix JL, May E,
May P. Concominant p53 gene mutation and increased
radiosensitivity in rat lung embryo epithelial cells during
neoplastic development. Cancer Res 1994;54:3361-4.
Kroemer G, Zamzami N, Susin SA. Mitochondrial con-
trol of apoptosis. Immun Today 1997;18:45-51.

Johnson TM, Yu ZX, Ferrans VJ, Lowenstein RA, Finkel
T. Reactive oxygen species are downstream mediators of
p53-dependent apoptosis. Proc Natl Acad Sci USA 1996;
93:11848-52.

Polyak K, Xia Y, Zweier JL, Kinzler K. W, Vogeistein B.
A model for p53-induced apoptosis Nature 1997;389:300—
5.

Fisher DE. Apoptosis in cancer therapy: crossing the
threshold. Cell 1994;78:539-42.



