





























































































































































































































Figure 7: Survival of RIF-8A cells following Ph-PDT and Hyperthermia

treatment measured by Hoechst Fluorochrome assay.

RIF-8A cells were exposed to Ph-PDT and hyperthermia treatment. Survival for Ph-PDT
alone (PDT), hyperthermia alone (HS) and PDT combined with hyperthermia (PDT +

HS) in RIF-8A cells was determined by Hoechst Fluorochrome assay. Results are from a
single experiment conducted in triplicate. Each bar represents the arithmetic mean +

standard error.
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Figure 8: Survival of RIF-8A cells following Ph-PDT and Hyperthermia

treatment measured by colony forming assay.

RIF-8A cells were exposed to Ph-PDT and hyperthermia treatment. Survival for Ph~-PDT
alone (PDT), hyperthermia alone (HS) and PDT combined with hyperthermia (PDT +

HS) in RIF-8A cells was determined using the colony forming assay. Results are from a
single experiment conducted in triplicate. Each bar represents the arithmetic mean *

standard error.
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Figure 9: Survival of RIF-1 cells following J]M2929-PDT and Hyperthermia

treatment measured by Hoechst Fluorochrome assay.

RIF-1 cells were exposed to JM2929-PDT and hyperthermia treatment. Survival for
JM2929-PDT alone (PDT), hyperthermia alone (HS) and PDT combined with
hyperthermia (PDT + HS) in RIF-1 cells was determined by Hoechst Fluorochrome

assay. Results are from a single experiment conducted in triplicate. Each bar

represents the arithmetic mean + standard error.
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Figure 10: Survival of RIF-1 cells following JM2929-PDT and Hyperthermia

treatment measured by colony forming assay.

RIF-1 cells were exposed to JM2929-PDT and hyperthermia treatment. Survival for
JM2929-PDT alone (PDT), hyperthermia alone (HS) and PDT combined with
hyperthermia (PDT + HS) in RIF-1 cells was determine using colony forming assay.

Results are from a single experiment conducted in triplicate. Each bar represents the

arithmetic mean + standard error.
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Figure 11: Survival of RIF-8A cells following J]M2929-PDT and Hyperthermia

treatment measured by Hoechst Fluorochrome assay.

RIF-8A cells were exposed to JM2929-PDT and hyperthermia treatment. Survival for
JM2929-PDT alone (PDT), hyperthermia alone (HS) and PDT combined with
hyperthermia (PDT + HS) in RIF-8A cells was determined using the Hoechst

Fluorochrome assay. Results are from a single experiment conducted in triplicate. Each

bar represents the arithmetic mean + standard error.
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Figure 12: Survival of RIF-8A cells following JM2929-PDT and Hyperthermia

treatment measured by colony forming assay.

RIF-8A cells were exposed to JM2929-PDT and hyperthermia treatment. Survival for
JM2929-PDT alone (PDT), hyperthermia alone (HS) and PDT combined with
hyperthermia (PDT + HS) in RIF-8A cells was determined using the colony forming

assay. Results are from a single experiment conducted in triplicate. Each bar

represents the arithmetic mean + standard error.
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DISCUSSION

By colony forming assay, the RIF-8A cells have been shown to have an increased

survival compared to the RIF-1 parental cells at the light dose of 2.7 x 103 J/m? and 20
pg/mL Photofrin (Singh et al. 1991). In the present work, results from the Hoechst

fluorochrome assay were consistent with clonogenic survival results suggesting
increased resistance to Ph-PDT by RIF-8A cells compared to RIF-1 cells. The RIF-1 and
RIF-8A cells have differences in their mitochondrial morphology and function (Sharkey
et al. 1992). Ph-PDT resistant RIF-8A cells show a cross resistance to cisplatin
(Moorehead et al. 1994). Cross resistance to Ph-PDT has also been seen in the cisplatin
resistant C13 cell line derived from the human ovarian carcinoma 2008 cell line
(Sharkey et al. 1993). Interestingly, C13 and 2008 parent cells contain similar
mitochondrial differences to those reported between RIF-8A and RIF-1 parental cells
(Sharkey et al. 1993, Moorehead et al. 1994). Porphyrin based photosensitizers such as
Photofrin, have been observed to accumulate and cause photoinduced damage in
plasma and mitochondrial membranes (Kessel 1977, Moan et al. 1989, Gomer et al.
1988, Hilf et al. 1987). It has been suggested that mitochondrial changes in the RIF-8A
cells may be responsible for the Ph~-PDT resistant phenotype observed in these cells
(Sharkey et al. 1993).

Phthalocyanines have previously been shown to also accumulate in surfaces of
the plasma membrane, mitochondria, lysosomes, as well as the nucleus (Evans et al.

1989, Ben Hur et al. 1987, Ben Hur et al. 1991, Moan et al. 1992). The specific targets
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of the phthalocyanine JM2929 have not yet been defined. It was therefore of interest to
compare the cytotoxicity of JM2929-PDT with that seen for Ph~PDT in RIF cells. Results
obtained from the DNA staining Hoechst fluorochrome assay indicate no difference in
survival between RIF-1 and RIF-8A cells for the doses of J]M2929-PDT delivered. This
result suggests that the cellular targets for ]M2929-PDT and Ph-PDT induced damage
are not identical in RIF-1 and RIF-8A cells and that changes in mitochondrial
morphology and function do not result in increased survival for Ph-PDT resistant RIF-
8A cells following JM2929-PDT.

Survival of CPR-C1, RIF-P16CL8, and RIF-1G cells to JM2929-PDT were also
examined using the Hoechst Fluorochrome assay. By clonogenic survival assay, RIF-
P16CL8 cells were shown to have increased resistance to Ph~-PDT compared to RIF-1G
cells (Luna and Gomer 1991). Results using the Hoechst fluorochrome assay suggest
that RIF-P16CL8 cells are cross resistant to JM2929-PDT compared to RIF-1G cells
following JM2929-PDT. Using the colony forming assay, CPR-C1 cells have been
shown to have increased resistance to Ph-PDT compared to RIF-1G cells (Singh
unpublished observation). Ph-PDT resistance was also shown to be higher in CPR-C1
cells compared to RIF-P16CL8 cells (Singh unpublished observation). The Hoechst
Fluorochrome assay showed that CPR-C1 cells maintained increased resistance
compared to RIF-P16CL8 and RIF-1G cells following JM2929-PDT. The relative
sensitivities of CPR-C1, RIF-P16CL8, and RIF-1G cells were similar following Ph-PDT
and JM2929-PDT. This result suggests that the mechanism of induced Ph-PDT

resistance in RIF-8A cells is different from that in CPR-C1 and RIF-P16CLS8 cells.
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Earlier PDT studies reported that hyperthermia may increase the response of
mouse tumor cells in vivo and in vitro to haematoporphyrin mediated PDT (Waldow et
al. 1984, Melloni et al. 1984, Christensen et al. 1984, Waldow et al. 1985, Svaasand
1985, Glassberg et al. 1991). Synergy between PDT and hyperthermia has been
correlated with sequence of treatment. Waldow et al. (1985) found that for the SMT-F
mammary carcinoma in mice in vivo, the immediate exposure of tumor cells to
hyperthermia following PDT treatment was most effective in potentiating effects of PDT
and increasing long term tumor control (Waldow et al. 1985). Whereas only additive
effects of the independent treatments were found when heat treatment was applied 0-8
hours prior to PDT exposure. Also, synergistic effects of heat followed by PDT appeared
to decrease with increasing time between PDT and heat administration (Waldow et al.

1985). Henderson et al. (1985) showed that in RIF-1 tumor cells in vitro, heat
treatment alone at 44°C for 30 minutes led to an immediate reduction in the number of

clonogenic tumor cells, followed by some additional cell death for 4 hours, and
subsequent recovery of clonogenicity. Treatment of RIF-1 cells with heat prior to PDT
resulted in survival kinetics similar to heat treatment alone. Synergy was only seen
when Ph-PDT was followed by hyperthermia. It was suggested that despite similar
microscopic and macroscopic appearances following Ph-PDT or hyperthermia
treatments, these two modalities lead to tumor destruction by different mechanisms in
RIF tumor cells (Henderson et al. 1985). Gomer et al. (1990) found elevated levels of
heat shock proteins (hsp) of molecular weight 70 000 in thermotolerant RIF cells.

However, these cells did not show cross resistance to Ph-PDT (Gomer et al. 1990). This
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suggested that mechanisms of in vitro cytotoxicity were different for Ph~-PDT and
hyperthermia even though possible subcellular targets such as the plasma membrane,
and types of damage such as protein denaturation, were similar for the two treatments
(Gomer et al. 1990). Preliminary results in our laboratory wusing immunofluorescence
studies suggest elevated levels of hsp60 in RIF-8A cells (K.Adams personal
communication). The role of increased levels of hsp60 in RIF-8A cells is still
undetermined.

Preliminary results of JM2929-PDT or Ph-PDT and hyperthermia treatments
obtained using the Hoechst Fluorochrome assay and the colony forming assay suggest
synergistic effects on survival of RIF-8A cells following small amounts of Ph-PDT
induced cytotoxicity and hyperthermia treatment. Synergy between the two modalities

was not observed following increased Ph-PDT induced cytotoxicity in RIF-8A cells. This
result may suggest that hyperthermia for one hour at 43°C + 0.25 interferes with

cellular repair processes that are induced by lower levels of Ph-PDT damage in RIF-8A
cells. No synergistic effect on survival was seen for RIF-1 cells following the doses of
Ph-PDT and hyperthermia examined. In the case of JM2929-PDT and hyperthermia
treatment, synergistic effects on survival were not observed over the range of doses and
heat treatment examined, for either RIF-1 or RIF-8A cells. These results support the
suggestion that damage induced in RIF-1 and RIF-8A cells following Ph-PDT or
JM2929-PDT is different. This may be due to different subcellular targets for Ph~-PDT

and JM2929-PDT induced cytotoxicity.
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In this work, the Hoechst fluorochrome assay was utilized to study the effects of
several damaging agents on the survival of RIF-1 and RIF-1 derived variant cells. The
results obtained at high doses of treatment were questionable due to high background
fluorescence in each experiment. In some cases, DNA fluorescence counts at the
highest treatment doses to cells were less than double the background fluorescence.
This problem could not be overcome without exceeding the cell seeding capacity per
well. Also the Hoechst fluorochrome assay does not discriminate between cells that
have maintained their full reproductive capacity (which has been defined as cell
survival (Hall‘ 1994)) and those cells which may be physically intact, able to make
proteins and synthesize DNA, but have lost the ability to divide indefinitely and produce
a large number of progeny. In the context of future clinical applicability, an assay that
does not distinguish between non dividing and dividing cancer cells may not be ideal.
Results in the present study have been presented as preliminary work. Further research
examining survival of RIF-1 and RIF-1 derived variant cells following treatment with
damaging agents such as JM2929-PDT should utilize the clonogenic survival assay,
where background levels are not a factor, and cell survival is based on the replicative

capabilities of tumor cells.
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CHAPTER 3

SENSITIVITY OF MURINE FIBROSARCOMA CELLS TO
PHOTODYNAMIC THERAPY MEDIATED BY THE RUTHENIUM
PHTHALOCYANINE JM2929, UV LIGHT, GAMMA RADIATION,

AND PHOTOFRIN-MEDIATED SENSITIZATION TO
GAMMA-RAYS



ABSTRACT

We have previously reported an increased resistance of a murine fibrosarcoma cell
variant, RII-‘-8A, to Photofrin-mediated photodynamic therapy (Ph~-PDT) compared to
parental RIF-1 cells. In the current work we have examined the clonogenic survival of the
RIF-1 and RIF-8A cells following UV, gamma-rays and PDT mediated by the Ruthenium (II)
phthalocyanine-bis- (triphenylphosphine- m-monosulfonate) potassium salt (JM2929). We
show a cross resistance of RIF-8A cells to UV, but not to J]M2929-mediated PDT (JM2929-
PDT) or gamma rays. RIF-8A and RIF-1 cells showed a similar sensitivity to J]M2929-PDT,
whereas RIF-8A cells showed an increased sensitivity to gamma-rays compared fo RIF-1
cells. We also examined the sensitivity to gamma rays for two other murine fibrosarcoma
cell hines, RIF-P16CL8 and CPR-C1, previously reported to have increased resistance to Ph-
PDT. Results show cross resistance to gamma rays for CPR-C1 cells but not for RIF-P16CL8
cells. This result suggests that the mechanism of Ph~-PDT resistance developed in the RIF-8A
cells differs from that in the CPR-C1 and RIF-P16CL8 cells. We also examined the
clonogenic survival of RIF-8A and RIF-1 cells following gamma rays in the presence of
either Photofrin or JM2929. RIF-1 cells, but not RIF-8A cells, showed reduced survival
when gamma-irradiated in the presence of Photofrin, whereas gamma-irradiation in the
presence of JM2929 had no effect on the survival of RIF-1 and RIF-8A cells. These results
are thought to reflect a difference in the spectrum of cellular damage induced by Ph-PDT |

compared to JM2929-PDT. It is possible that Ph-PDT, but not J]M2929-PDT, induces a "UV-
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like" component of damage and/or there is some overlap in the pathways for the repair of
UV and Ph-PDT damage, but not JM2929-PDT and ionizing radiation damage in RIF-1 and

RIF-8A cells.
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INTRODUCTION

Photodynamic Therapy (PDT) is an actively developing field in cancer treatment,
currently in Phase 1II clinical trials for a number of human cancers (Dougherty and Marcus
1992, Larsen 1993, Lowdell 1994). PDT utilizes the localized delivery of light to activate a
photosensitizing drug, which is selectively retained by tumour tissue (Manyak et al. 1988,
Dougherty and Marcus 1992, Lowdell 1994, Henderson and Dougherty 1992). Although
this treatment modality is undergoing clinical trials, the mechanism(s) of PDT cytotoxicity is
not yet fully understood.

The photodynamic process requires three simultaneously present components for
cytotoxicity namely a sensitizer, light, and oxygen. PDT involves the excitation of a
photosensitizing drug by light energy to create singlet oxygen. Singlet oxygen molecules
cause cytotoxic damage within tumour cells in vitro, and also in the tumour vasculature, in
the case of in vivo PDT treatment (Moan et al. 1979, Pass 1993, Gomer et al. 1989,
Henderson and Dougherty 1992). In vitro effects following PDT include membrane
damage (Kessel 1977, Moan et al. 1989), mitochondrial damage (Gomer et al. 1988, Berns
et al. 1982, Hilf et al. 1987), and DNA damage (Kvam and Stokke 1994, Gomer 1980, Fiel
etal. 1981).

In vitro PDT research has taken advantage of a number of cell lines that exhibit
varying PDT responses. These cell lines, along with new photosensitizers, have been used by
several investigators in order to examine the mechanism of PDT cytotoxicity. Photofrin is

the most common porphyrin photosensitizer to date which is already in the process of Phase
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III clinical trials (Dougherty 1993). Several Ph~PDT resistant cell lines have been developed
(Luna and Gomer 1991, Singh et al. 1991) including those derived from the radiation
induced fibrosarcoma cell line (RIF-1) developed by Twentyman et al. (Twentyman et al.
1980). The RIF-1 tumor is a suitable tumor model system for studies in which clonogenic
survival is compared to growth delay and tumor control following various forms of
treatment including PDT. RIF-1 tumor cells have a satisfactory plating efficiency of 25%
from in vivo to in vitro. The RIF-1 tumor is minimally immunogenic and does not
metastisize from the miradermal injection site. Chromosome analysis has shown that both
diploid and tetraploid tumor cells exist within the RIF-1 tumor (Twentyman et al. 1980).
New photosensitizers under examination for their use in PDT include nile blue derivatives
(Lin et al. 1993); metallophthalocyanines such as aluminum phthalocyanines with varying
degress of sulfonation (Agarwal et al. 1992, Ben Hur et al. 1991, Ben-Hur et al. 1991, Bown
et al. 1986, Moan et al. 1992), zinc-phthalocyanines (Daraio et al. 1991, Fingar et al.
1993, Obochi et al. 1993) JM2929, the ruthenium monosulphonate examined in the
current work; and most recently carbodiimide analogs of bacteriochlorins (Pandey et al.
1989, Pandey et al. 1996).

Luna and Gomer (1991) reported the isolation of Ph-PDT resistant RIF-1 variants
which exhibited a stable phenotpe and could be used in studies designed to define PDT
mechanisms of action (Luna and Gomer 1991). Ph-PDT resistant clones from two different
porphyrin incubation periods, namely RIFP16Cl4, RIFP16CL8, RIFP1CL1 and RIFP1CLS5, had
increased protein content, larger cellular size compared to RIF-1G (parental RIF-1 cells used

by Luna and Gomer) parent cells, similar in vitro growth rates to the RIF-1G parent, modest
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resistance to ionizing radiation, and in the case of one variant, RIF-P16CL4, increased
sensitivity to hyperthermia compared to RIF-1G parent cells (Luna and Gomer 1991). None
of the RIF-1 variants exhibited a multidrug resistant phenotype, nor did they have altered
porphyrin uptake levels. The RIF-1G parental cells and Ph-PDT resistant variants showed
comparable basal levels of antioxidant enzymes, reduced glutathione and stress proteins.
However there was an increase in the number of cells required to form tumor growth in
50% of the ioculated animals for the Ph-PDT resistant cells. The CPR-C1 cell line was
developed by Luna and Gomer by further repeated exposure of RIF-P16CL8 celis to Ph-PDT.

This cell line has been shown to have higher levels of Ph-PDT resistance than the RIF-
P16CL8 cells (Luna personal communication).

Another such Ph-PDT resistant cell line is the RIF-8A variant. RIF-8A cells were
derived from RIF-1 parent cells by repeated Ph-PDT treatment followed by regrowth from
single colonies (Singh et al. 1991). The RIF-8A cells have been previously reported to have
significantly increased survival to Ph-PDT compared to RIF-1 cells. The average ratio,
D10(RIF-8A)/D1o(RIF-1) for 2.7 x 103 J/m? light dose in six independent experiments was
found to be 1.8 + 0.4 (Singh et al. 1991). No adriamycin cross resistance was seen in the
Ph-PDT resistant cells (Singh et al. 1991). This result was mterpreted to imply a different
mechanism of Ph-PDT resistance compared to the classical multidrug resistance or
pleiotropic resistance mechanism. Fluorescence flow cytometry and spectrofluorometry
measurements showed no difference in Photofrin uptake between RIF-1 and RIF-8A cells
(Singh et al. 1991). RIF-8A cells contain higher ATP pool levels and have higher levels of

succinate dehydrogenase activity compared to RIF-1 cells. The RIF-8A cells have also been
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shown to have smaller mitochondria which stain more densely and display higher cristae
density compared to RIF-1 cells (Sharkey et al. 1992). Although the majority of RIF-8A cells
contained polyploides of 120 chromosomes, there was an inconsistency in karyotype. It is
thought that these characteristics may be related to the Ph~PDT resistance seen in RIF-8A
cells (Sharkey et al. 1993). In 1994, Moorehead et al. reported that the RIF-8A cells showed
a cross resistance to cisplatin (Moorehead et al. 1994) and a significant decrease in
cisplatin-DNA adduct levels compared to the RIF-1 parent cells. Rhodamine 123
accumulation was shown to be 3 and 3.6 fold less in the plasma and mitochondrial
membranes respectively in RIF-8A cells compared to parental RIF-1 cells. Moorehead et al.
(1994) concluded that alterations in the plasma and/or mitochondrial membrane potentials
may provide the RIF-8A cells with a survival advantage when challenged with PDT or
cisplatin. Di Prospero et al. (1996) have reported that the capacity of UV-irradiated cells for
viral DNA synthesis was greater for RIF-8A cells compared to RIF-1 cells suggesting a cross-
resistance of RIF-8A cells to UV.

In the current work, the survival of RIF-1 and RIF-8A cells were examined following
exposure to UV light, gamma rays, or PDT mediated by the novel Ruthenium
phthalocyanine, JM2929. Results indicate a cross resistance of RIF-8A cells to UV light, but
not to gamma-rays or JM2929-PDT. We also show a cross resistance of CPR-C1 but not
RIF-P16CL8 cells to gamma rays. We also examined the potential of Photofrin and JM2929
to act as sensitizers to gamma-ray exposure. Results indicate that Photofrin can act as a

sensitizer to gamma-ray exposure for RIF-1, but not RIF-8A cells, whereas JM2929 had no
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effect on gamma ray survival of RIF-1 or RIF-8A cells over the range of photosensitizer and

gamma-ray doses employed.
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MATERIALS AND METHODS

Cells

RIF-1 cells were provided by Dr. B. Henderson, Roswell Park Memorial Institute,
Buffalo, New York. RIF-8A cells were obtained from Dr. Gurmit Singh, Hamilton Regional
Cancer Clinic and McMaster University, Dept. of Pathology, Hamilton, ON. RIF-1G, RIF-
P16 and CPR-C1 were obtained from Dr. C. Gomer at the Clayton Ocular Oncology Centre,

Children’s Hospital of Los Angeles, Los Angeles, CA. All cells were grown in monolayer and

maintained in Eagles o ~-minimal essential medium (o-MEM) supplemented with 10% fetal
bovine serum (FBS) and 1% antibiotic-antimycotic solution (100 pg/mL penicillin, 100
ug/mL streptomycin and 250 ng/mlL amphotericin B; Gibco BRL), (growth media) and

incubated at 37°C (5% CO2/95% air in a humid environment).

Photosensitizers and Light Source
Photofrin was obtained from Quadralogic Technologies Inc., Vancouver, B.C.

Canada. JM2929 was obtained from Johnson Matthey, Inc., PA; USA. Both sensitizers were
diluted to concentrations between 5-20 mg/mlL in growth media. Cells were pretreated
with photosensitizers 18 hours prior to red lhight exposure on a 100cm X 50cm light
diffusing surface illuminated by a bank of fluorescent tubes (Philips type TL/83) filtered
with red acetate filters (Roscolux, No.19, Rosco, CA) to give wide band illumination above
585 nm. The energy fluence rate was approximately 9.2 J/m?/sec. Exposure for 5 minutes

resulted in incident energy fluence of approximately 2 760 J/m?.
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Colony Forming Assay

All colony forming assays were performed in 6 well plastic petri dishes. Appropriate
numbers of cells were seeded in order to count between 100-200 colonies per well post
treament. Plates were incubated at 37°C (5% CO2/95% air in a humid environment) for 4
days prior to staining with methylene blue (5% methylene w:v in 70% methanol and 30%
dH20) and only colonies greater than 20 cells were counted. In each experiment, colony

counts for each cell treatment were the average of triplicate determinations.

Photofrin or IM2929 mediated PDT

Appropriate number of cells were seeded in 6 well plastic petri dishes and allowed
to adhere for 6 hours. Both sensitizers were diluted to concentrations between 5-20 mg/mL
in growth media. Cells were treated with photosensitizer and incubated for 18 hours.
Growth medium containing the photosensitizer was then aspirated from the wells and
replaced with prewarmed growth media immediately prior to illumination with red light.
Cells were then incubated at 37°C (5% CO2/95% air in a humid environment) for four days
prior to staining for colony counting. All procedures involving photosensitizer were carried

out under minimal ambient lighting conditions.
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UV-Irradiation of Cells
All cells were seeded in 6 well plastic petri dishes for colony forming assays.

Following a six hour attachment period, growth media was aspirated and replaced with
1mL of pre-warmed phosphate buffer saline (PBS) (140 mM NaCl, 2.5 mM Kcl, 10 mM
Na;HPO,4 and 1.75 mM KH2PO4) prior to UV irradiation. UV light emitting primarily at
254 nm was delivered using a General Electric germicidal lamp (model G8T5). All cells
were exposed at a fluence rate of 1 J/m?/sec ( J-255 Shortwave UV meter, Uliraviolet
Products, San Gabriel, California). Cells were incubated for four days prior to staining. UV

exposure to cells varied from 5-40 J/mZ.

Gamma-radiation of Cells

All cells were seeded in 6 well plastic culture dishes for colony forming assays.
Following a six hour attachment period, plates were placed into sterile tupperware
containers to avoid contamination. 6°Co irradiation was delivered by a Theratron 80 Cobalt-~
D machine (supplied by Atomic Energy of Canada) at dose rates ranging from 65.03
c¢Gy/min to 61.63 cGy/min. Dose rates were calculated for each experiment using initial
ionizing chamber measurements made according to AAPM TG21 standardized protocol
(McGregor 1996, private communication). Shutter correction time was 0.01 minutes.
Source to surface distance was 80 cm for each experiment with an irradiation field of 30cm

X 30 cm. Doses given to cells varied from 50 cGy to 1000 cGy.
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Gamma-radiation with Photosensitizer

In the case of pretreatment with a sensitizer, cells were incubated with 20 pg/mL
photosensitizing drug for 18 hours. Growth media from the wells was then aspirated and
replaced with prewarmed fresh growth media prior to gamma radiation. Gamma radiation
pararmeters and doses were as described above. Experiments were conducted under

minimal ambient light conditions.
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RESULTS

Sensitivity of RIF-1 and RIF-8A cells to Photofrin-PDT and JM2929-PDT

RIF-1 and RIF-8A cells were treated with varying doses of Ph~-PDT. No dérk toxicity
was observed in RIF-1 or RIF-8A cells following a sensitizer dose of 20 pug/mL. No effect on
survival in RIF-1 and RIF-8A cells was observed following a light dose of 2.76 x 103 J/m?
light alone. Each individual experiment showed significantly increased resistance to Ph-
PDT in RIF-8A cells compared to RIF-1 cells. Pooled results for the clonogenic survival of
RIF-1 and RIF-8A cells following exposure to Photofrin mediated PDT are shown in Figure
1A. An increased resistance was observed in RIF-8A cells compared to RIF-1 cells as
reported previously (Singh et al. 1991). RIF-1 and RIF-8A cells were also treated with
JM2929-PDT. Each individual experiment showed no significant difference in sensitivity to
JM2929-PDT between RIF-1 and RIF-8A cells. Pooled results for clonogenic survival of RIF-

1 and RIF-8A cells following exposure to JM2929-PDT are shown in Figure 1B. Results for

each drug dose were plotted using the linear quadratic equation (SF=e-(*** ")) (where SF is
the surviving fraction of cells). Do (dose required to reduce colony survival to 10%) values
were extrapolated for a number of independent experiments. The average ratio of D1o(RIF-

8A cells)/D1o(RIF-1 cells) for a light dose of approximately 2.76 x 103 J/m? m three

independent experiments was 0.90 £ 0.13.
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Sensitivity of RIF-1 and RIF-8A cells to UV

Recent studies have shown a cross resistance of the RIF-8A cell line to Ph-PDT and
other cytotoxic agents including cisplatin (Moorehead et al. 1994) and UV (Di Prospero
1996). UV cross resistance of RIF-8A cells was examined using the viral capacity assay. The
viral capacity assay measures the ability of cells, which have been treated with a chemical or
physical agent, to support viral growth. It was therefore of interest to examine the
sensitivity of RIF-1 and RIF-8A cells following UV exposure by the colony forming assay.
Pooled results for the survival of RIF-1 and RIF-8A cells following UV exposure are shown in
Figure 2. It can be seen that the Ph-PDT resistant RIF-8A cells show a cross-resistance to UV
exposure. Dio values were obtained from the best linear quadaratic fit for each cell line in

three independent experiments. The average ratio, D1o(RIF-8A cells)/D1o (RIF-1 cells) of

three independent experiments was 1.25 + 0.14.

Sensitivity of RIF cells fo Gamma-radiation

RIF-P16 and CPR-C1 cells developed by Luna and Gomer (1991) have previously
been described to have varying resistance to Ph-PDT (Luna and Gomer 1991, Singh
unpublished observation). Two RIF-P16 clones, namely RIFP16CL4 and RIFP16CLS,
exhibited a modest resistance to iomizing radiation (Luna and Gomer 1991). It was
therefore considered of interest to examine the gamma-ray sensitivity of RIF-1 and RIF-8A
cells in comparison to that observed for RIF-P16CL8 and CPR-C1 cells derived by Luna and
Gomer (1991). RIF-1G, RIF-P16CL8 and CPR-C1 cells as well as RIF-1 and RIF-8A cells

were examined for survival following gamma-rays. Results of Figure 3 show that over a
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dose range of 0-10 Gy, a significant increase in resistance to radiation was seen in the CPR-
C1 cell line compared to the parental RIF-1G cell line, but not by RIF-P16CL8 cells
compared to the parental RIF-1G cell line. Survival curves from individual experiments
were fitted to a linear quadratic equation and Do values extrapolated. The average ratio of
D10(CPR-C1)/D1o(RIF-1G) and D;o(RIF-P16CL8)/D1o(RIF-1G) from three independent

experiments was 1.52 + 0.15 and 0.88 £ 0.07 respectively.

The RIF-1 tumor cells originated from gamma radiation induced fibrosarcoma cells.
The results shown in Figure 4 indicate that the Ph-PDT resistant RIF-8A cells do not have a
cross resistance to gamma radiation. In fact RIF-8A cells showed significantly increased
sensitivity to gamma-rays compared to RIF-1 parent cells. Survival curves from
independent experiments were fitted to a linear quadratic equation and Dio values

extrapolated. The average ratio of D1o(RIF-8A)/D1o(RIF-1) for six independent experiments

was 0.65 + 0.04.

Examination of Gamma-ray Sensitization with Photofrin and JM2929

There are some recent reports suggesting that photosensitizers in combination with
ionizing radiation treatment can act as radiosensitizers under aerobic conditions (Luksiene
etal. 1994, Berg et al. 1995). Figures 5 and 6 show that a drug concentration of 20
mg/mL of Photofrin results in a significant increase in sensitivity to gamma-rays for RIF-1
cells but not RIF-8A cells. Survival curve from individual experiments were fitted to a linear

quadratic equation and Dio values extrapolated. The average ratio of Do (RIF cells +

Photofrin) /D1o(RIF cells + no drug) of three independent experiments was 0.88 + 0.03 for
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RIF-1 cells and 1.03 = 0.12 for RIF-8A cells. This result indicates that Photofrin can act as a
radiosensitizer in RIF-1 cells.

Figures 5 and 6 also show the effects of J]M2929 on the gamma ray survival of RIF-1
and RIF-8A cells. It can be seen that J]M2929 had no influence on gamma-ray sensitivity for
either RIF-1 or RIF-8A cells. Survival curves from individual experiments were fitted to a

linear quadratic equation and D1o values extrapolated. The average ratio of D1o(RIF cells +

JM2929)/D1o(RIF cells + no drug) of three independent experiments was 1.01 + 0.02 for

RIF-1 cells, and 1.0 £ 0.06 for RIF-8A cells.
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Figure 1: Colony Forming Ability of Ph-PDT or J]M2929-PDT treated
RIF-1 and RIF-8A cells.

Shows pooled results from three independent experiments for survival of RIF-1 (-M-) and
RIF-8A (-@-) cells following Ph-PDT (A) and JM2929-PDT (B). Each survival point is the

arithmetic mean =+ standard error.
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Figure 2: Colony Forming Ability of UV treated RIF-1 and RIF-8A cells.

RIF-1 (-l-) and RIF-8A (-@-) cells were treated with UV irradiation. Shows pooled results
from three independent experiments. Each survival point is the arithmetic mean * standard

CITror.
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Figure 3: Colony Forming Ability of RIF-1G, RIF-P16, and CPR-C1 cells
following exposure to gamma- rays.

Shows pooled results of RIF-1G (-l-), RIF-P16CL8 (-@-), and CPR-C1 (-A-) cells treated

with gamma-rays from three independent experiments. Each survival point is the

arithmetic mean + standard error.
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Figure 4: Colony Forming Ability of RIF-1 and RIF-8A cells following
treatment with gamma-rays.

RIF-1 (-H-) and RIF-8A (-@-) cells were treated with gamma-rays. Shows pooled results
from three independent experiments. Each survival point is the arithmetic mean + standard

€Iror.
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Figure 5: Colony Forming Ability of RIF-1 cells following gamma-ray
sensitization with Photofrin or JM2929.

RIF-1 cells were pretreated with no drug (-W-), 20ug/mlL Photofrin (-#-), or 20ug/mL
JM2929 (-@-) for 18 hours prior to gamma radiation. Shows pooled results from three
independent experiments. Each survival point 1s the arithmetic mean * standard error of

triplicate determinations.
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Figure 6: Colony Forming Ability of RIF-8A cells following gamma-ray
sensitization with Photofrin or JM2929.

RIF-8A cells were pretreated with no drug (-B-), 20pg/mL Photofrin (-#-), or 20pg/mlL
JM2929 (-@-) for 18 hours prior to gamma radiation. Shows pooled results from three

independent experiments. Each survival point is the arithmetic mean =+ standard error.
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DISCUSSION

RIF-8A cells have been previously characterized to have increased resistance to Ph-
PDT compared to RIF-1 cells (Singh et al. 1991). Electron micrographs showed smaller
mitochondria with higher cristae density in RIF-8A cells compared to RIF-1 cells (Sharkey et
al. 1993). As well, RIF-8A cells showed increased levels of ATP production, increased
succinate dehydrogenase activity, and higher chromosomal counts compared to RIF-1 cells.
(Sharkey et al. 1992, Sharkey et al. 1993, Twentyman et al. 1980). Cross resistance to
cisplatin and UV has also been observed in Ph-PDT resistant RIF-8A cells (Moorehead et al.
1994, Di Prospero et al. 1996)

JM2929 is a novel photosensitizer which is composed of a monosulphonated
phthalocyanine ring chelated with a Ruthenium ion. The wavelength of excitation for
JM2929 is 650nm. RIF-1 and RIF-8A cells were treated with JM2929-PDT to compare
survival responses of these cells to those observed following Ph-PDT. No significant
difference in colony formation was found between RIF-1 and RIF-8A cells treated with

JM2929-PDT. Ratio of Dio values (Dio RIF-8A cells /Do RIF-1 cells) obtained from the
linear quadratic fit for each cell line was 0.90 £ 0.13. It has been suggested that one of the

mechanisms for Ph-PDT resistance seen in the RIF-8A cells may the mitochondrial
morphological and functional differences observed in RIF-8A compared to RIF-1 cells
(Sharkey et al. 1993). However, these differences do not appear to result in enhanced
survival of RIF-8A cells compared to the RIF-1 parent cells following JM2929-PDT.

Phthalocyanines and porphyrins are both thought to elicit cellular damage primarily by
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producing singlet oxygen (Daraio et al. 1991, Biade et al. 1992). The subcellular targets for
JM2929-PDT have not yet been defined but like porphyrins, monosulfonated
phthalocyanines can cause damage to plasma membranes, subcellular organelle
membranes such as mitochondria, lysosomes, nuclei, and nuclear DNA (Evans et al. 1989,
Zaidi et al. 1993, Ben-Hur et al. 1991, Ben-Hur et al. 1987, Gomer et al. 1988 Moan et al.
1992). However, the target within the cell which is critially damaged by the photodynamic
action of phthalocyanines may differ from that seen by porphyrin mediated PDT damage.
Absence of cross resistance of Ph~-PDT resistant RIF-8A cells to JM2929-PDT suggests that
the cytotoxic damage induced by Ph-PDT and JMZ2929-PDT has different subcellular
targets.

The DNA damaging effects of UV irradiation are known to include the formation of
pyrimidine dimers and the (6-4) photoproduct (Friedberg et al. 1995). Di Prospero et al.
(1996) reported an increased capacity for adenovirus DNA synthesis in UV treated Ph-PDT
resistant RIF-8A cells compared to UV treated RIF-1 cells (Di Prospero et al. 1996). The
viral capacity assay uses viral DNA synthesis as an indicator of cellular sensitivity to and
recovery from cellualr damaging agents. Results of the present work also indicate a cross
resistance of Ph-PDT resistant RIF-8A cells to UV light over the exposures employed. Dio
values for colony survival following UV exposure were significantly different between the

two cells lines (D10 ratio (RIF~-8A celis/RIF-1 cells) of 1.25 + 0.14). Cross resistance seen

between Ph-PDT and UV in the RIF-8A cell line suggests that there may be similarities in the
components of damage and/or similarities in the repair pathways of the two treatment

modalities.
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Tonizing radiation is known to cause DNA strand breaks (Hall 1994). The RIF tumor
model system was derived from a radiation induced fibrosarcoma after repeated exposure to
gamma radiation of the hindlimb of a C3H/Km inbred mouse (Twentyman et al. 1980). As
a result, RIF-1 cells are highly resistant to radiation (Twentyman et al. 1980, Waldow et al.
1987). In this study, RIF-1 and RIF-8A cells were exposed to gamma radiation for the
purpose of comparing their clonogenic survival. Ph-PDT resistant RIF-8A cells were shown
to have increased sensitivity to gamma radiation compared to their RIF-1 parent cells. Dio
values obtained from each survival curve indicate a significant difference in colony forming

ability between gamma-ray treated RIF-1 and RIF-8A cells with a Dio ratio (RIF-8A
cells/RIF-1 cells) of 0.65 + 0.04. This suggests that the cellular changes required for the

RIF-8A cells to develop resistance to Ph-PDT interferes with the ability of the cells to recover
from the cellular damage caused by gamma radiation. This result may be of added interest
in the clinical setting. It suggests that Ph-PDT resistant tumors may have increased
sensitivity to radiation in which case patient therapy can be altered.

The increase in sensitivity seen in the RIF-8A cells upon ionizing radiation treatment
is interesting in contrast to results obtained for Ph-PDT resistant RIF-P16CL8 and CPR-C1
cells developed by Luna and Gomer (1991). However Djo values for gamma irradiated

RIF-1 and RIF-1G cells were 773.33 Gy + 66.48 and 535 Gy + 55.08 respectively,

suggesting a significant difference in clonogenic survival following exposure to ionizing
radiation between the two RIF-1 parent cell lines. Different in vitro maintenance and
frequency of in vivo repassage through mice may be related to the differences in gamma-

ray sensitivities seen between the RIF-1 and RIF-1G cells reported here. The RIF-P16CL8 cell
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line has previously been reported to show a modest resistance to ionizing radiation (Luna et
al. 1991). However for up to 10 Gy, which was the maximum irradiation dose used in the
present study, Luna and Gomer (1991) did not see a significant increase in survival of the
RIF-P16CL8 compared to parental RIF-1G cells (Luna and Gomer 1991). This is consistent
with results presented in Figure 3. Figure 3 also shows a significantly increased level of
resistance to gamma rays by CPR-C1 cells. (Do ratio of CPR-C1 cells/RIF-1G cells was 1.52

+0.15). Preliminary results from our laboratory using Hoechst fluorochrome assay indicate

that RIF-P16CL8 and CPR-C1 cells, unlike RIF-8A cells, are cross resistant to JM2929~PDT
treatment. These results suggest that the cellular changes required for RIF-8A cells
compared to RIF-P16CL8 and CPR~C1 cells to become resistant to Ph-PDT are different, or
that additional changes have occurred in one or all cell lines that effect gamma-ray and
JM2929-PDT sensitivity. This suggests more than one mechanism of induced resistance to
Ph-PDT by RIF cells.

There are some recent reports suggesting that photosensitizers in combination with
radiation treatment can act as radiosensitizers under aerobic conditions (Luksiene et al.
1994, Berg et al. 1995). In 1994, Luksiene et al. reported that concentrations more than
ImM of 5-Aminolevulinic acid, which induced endogenous protoporphyrin IX, had
modifying effects on X-rays and slightly radiosensitized WiDr (human primary
adenocarcinoma of rectosigmoidal colon) cells in culture. The ability of photosensitizers to
serve as radiosensitizers may be dependent on the dose of ionizing radiation (O’Hara et al.
1989), the dose of photosensitizer (Luksienne et al. 1994), the type of sensitizer (Moan and

Petterson 1981), and the dose rate (Berg et al. 1995). It was considered of importance to
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examine the combination freatment of gamma-rays and photosensitizers simultaneously,
using Photofrin and JM2929 in RIF-1 and RIF-8A cells. In the conventional sense, this was
not combined PDT and radiation therapy. In this case, photosensitizer was not exposed to a
light source of the appropriate wavelength at any time during gamma-ray treatment. A
significant radiosensitizing effect was observed with Photofrin, but not JM2929, in gamma-
ray treated RIF-1 cells. D1o ratios of Photofrin and JM2929 sensitized RIF-1 cells compared
to RIF-1 cells radiated in the absence of photosensitizers was 0.88 = 0.03 and 1.01 = 0.02
respecitively. The Ph-PDT resistant RIF-8A cells were shown to have increased sensitivity to
gamma radiation compared to RIF-1 cells, but interestingly were not further radiosensitized
when irradiated in the presence of Photofrin (D10 ratio (Ph-treated cells/non-treated cells)
of 1.03 £ 0.12). JM2929 also appeared to have no significant sensitization or protection
effect on gamma irradiated RIF-8A cells (D1o ratio (JM2929-treated cells/non-treated cells)
of 1.0 £ 0.06). The decreased survival seen in RIF-1 cells following gamma irradiation in
the presence of Photofrin suggests that this photosensitizer may be of added benefit in the
therapy of radioresistant tumors, or perhaps in radiation treatments of tumors unaccessible
to PDT treatment.

Other investigators have also compared the effects of PDT, UV and ionizing
radiation on mammalian tumor cells (Gomer et al. 1983, Evans et al. 1989). There is
evidence to suggest a correlation between PDT, UV and radiation sensitivities in murine cell
lines. There is a radiation resistant murine lymphoma cell line, L5178Y (LY-R) from which
a radiation sensitive strain (LY-S) has been derived. The radiation sensitive LY-S strain, like

RIF-8A cells, was also shown to be more resistant to UV irradiation than LY-R cells through
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clonogenic studies (Beer et al. 1983). In 1989, Evans et al. reported on the increased
cytotoxic sensitivity to chloroaluminum phthalocyanine and Photofrin mediated PDT in the
radiation resistant L5178Y (LY-R) mouse lymphoma cells. Although there was no increased
cytotoxic sensitivity of radiation resistant cells RIF-1 cells was seen for JMZ2929
phthalocyanine mediated PDT, this result correlates with the Ph-PDT clonogenic survival
results observed for the RIF-1 and RIF-8A cells used in this work. The ionizing radiation
sensitive LY-S cell strain, like RIF-8A cells showed cross resistance to UV and Ph-PDT,
whereas radiation resistant LY-R cells, like RIF-1 cells, showed a cross-sensitivity to UV and
Ph-PDT. The LY-R and LY-S cells differed in their DNA repair capabilities with the LY-R
strain being deficient in the repair of UV induced pyrimidine dimers (Hagan et al. 1988)
and the LY-S cells being deficient in the repair of DNA double stranded breaks (Evans et al.
1987). Evans et al. (1987) also reported a higher number of cytotoxic lesions in the LY-R
strain, but a higher number of mutagenic lesions in the LY-S strain upon phthalocyanine
mediated PDT treatment (Evans et al. 1987). They suggested that cytotoxic and mutagenic
lesions differ and that their phthalocyanine mediated PDT sensitive strain was perhaps less
efficient in the process involved in the repair of cytotoxic DNA damage. It may be suggested
that RIF-1 and RIF-8A cells also differ in their DNA repair capabilities. RIF-1 cells, like LY-R
cells, may be deficient in the repair of UV induced pyrimidine dimers and RIF-8A cells, like
LY-S cells, may be deficient in the repair of DNA double stranded breaks. Further
investigation is required to compare DNA repair differences between the RIF-1 and RIF-8A
cells and to measure whether cytotoxic DNA lesion repair is less effecient in RIF-1 cells

compared to RIF-8A cells following Ph-PDT.
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CHAPTER 4

ENHANCED REACTIVATION OF A UV-DAMAGED
REPORTER GENE IN RADIATION INDUCED MURINE
FIBROSARCOMA CELLS FOLLOWING PDT, UV,
CISPLATIN AND HYPERTHERMIA



ABSTRACT

RIF-8A cells have been reported previously to show a cross-resistance to
Photofrin mediated Photodynamic Therapy (Ph-PDT), cisplatin and UV light. However
RIF-1 and RIF-8A cells show similar survival following JM2929 mediated PDT
(JM2929-PDT) or hyperthermia treatment. In this work, host cell reactivation (HCR)
and enhanced reactivation (ER) of a UV-damaged reporter gene were examined in the
RIF-1 cell line and its Ph-PDT resistant variant RIF-8A. This was done using a UV
damaged recombinant nonreplicating adenovirus based AdCA35/acZ virus expressing
-galactosidase (B-gal) from the /acZ reporter gene. HCR results indicate increased
reactivation of a UV damaged reporter gene in untreated RIF-1 cells compared to
untreated RIF-8A cells. ER was examined in RIF-1 and RIF-8A cells which had been
treated with Ph-PDT, JM2929-PDT, UV, cisplatin or hyperthermia. Over the range of
Ph-PDT and JM2929-PDT doses examined, and low doses of UV light (5 J/m?2),
increased levels of reactivation of a UV damaged reporter gene were observed in RIF-1
cells compared to RIF-8A cells. Whereas, cisplatin pretreatment did not result in ER,
and heat shock treatment (30 minutes heat shock at 43.5°C + 0.25) resulted in
decreased levels of reactivation of a UV-damaged reporter gene in both RIF-1 and RIF-
8A cells. Enhanced expression of f3-gal activity from a non-damaged reporter gene was

also examined in RIF-1 and RIF-8A cells following pretreatment with Ph-PDT, JM2929-
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PDT, UV, cisplatin and hyperthermia. Enhanced expression of -gal activity from non-
irradiated AACA35/acZ was greater in RIF-8A cells following pretreatment with Ph-
PDT. However results suggest no difference in enhanced expression of 3-gal activity
from non-irradiated AdCA35/acZ in RIF-8A cells compared to RIF-1 cells following
JM2929-PDT, UV, cisplatin, or hyperthermia pretreatment, over the range of doses
examined. These results suggest that the relation between survival, enhanced
reactivation of a UV-damaged reporter gene, and enhanced expression of a non-
damaged reporter gene varies in RIF-1 and RIF-8A cells depending on the cellular
damaging agent employed. However increased expression of B-gal activity from a non-
damaged reporter gene and decreased reactivation of a UV-damaged reporter gene in
RIF-8A cells following Ph-PDT may be related to the Ph-PDT resistance observed in RIF-
8A cells. Also, decreased levels of inducible repair of a UV damaged reporter gene in
RIF-8A cells compared to RIF-1 cells following both Ph-PDT and UV pretreatments may

suggest common mechanism(s) for Ph-PDT and UV resistance observed in RIF-8A cells.
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INTRODUCTION

Ph-PDT resistant RIF-8A cells derived from radiation induced fibrosarcoma (RIF-
1) cells have also shown a cross resistance to UV (Di Prospero et al. 1996, Roy et al.
1996) and cisplatin (Moorehead et al. 1994). Photofrin molecules accumulate in
cellular membranes but have also been shown to cause DNA damage upon
photoactivation (Gomer 1980, Gomer et al. 1988, Moan et al. 1989, Kvam and Stokke
1994, Fiel et al. 1981, Evensen et al. 1982, Dubbelman et al. 1982). UV and cisplatin
also cause DNA damage (Freidberg et al. 1995). UV irradiation induces pyrimidine
dimers and (6-4) photoprodiicts in DNA. Cisplatin forms adducts which cause the
helical structure of DNA to bend (Friedberg et al. 1995). Altered mitochondrial
morphology and function compared to RIF-1 parent cells may be responsible for the
resistance of RIF-8A cells to Ph~PDT (Sharkey et al. 1993). However since Ph-PDT, UV,
and cisplatin have been shown to induce DNA damage, other cellular factors such as
altered DNA repair capabilities may play a role in the survival of RIF-8A cells following
treatment with these damaging agents.

HCR assesses the ability of nontreated host cells to repair and replicate viral
DNA that has been damaged by an agent such as gamma radiation (Parsons et al. 1986,
Eady et al. 1992), UV (Ryan et al. 1986, Arnold and Rainbow 1996, Rainbow 1989) or
chemicals such as cisplatin (Maynard et al. 1989, Zeng Rong et al. 1995, Jennerwein et
al. 1991). HCR has been performed in many types of mammalian cells including

human fibroblasts (Day et al. 1975, Ryan et al. 1986, Rainbow 1980), HeLa cells (Eady
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et al. 1992) chinese hamster ovary cells (Arnold and Rainbow 1996) and murine
leukemia cells (Jennerwein et al. 1991). HCR has been used to assess DNA repair
capabilities in cells from patients with several genetic instability syndromes including
ataxia telangiectasia (Hilgers et al. 1989, Bennett and Rainbow 1988), Fanconi’s
anemia (Nocentini 1992) xeroderma pigmentosum (Day et al. 1975, McKay and
Rainbow 1996, Rainbow et al. 1981, Maynard et al. 1989, Nocentini et al. 1992), and
Cockayne’s syndrome (McKay and Rainbow 1996, Ramnbow 1989).

Reduction in HCR of viral DNA synthesis has been seen in UV sensitive mouse
cell lines (Arnold and Rainbow 1996) as well as UV sensitive xeroderma pigmentosum
human cell lines (Rainbow 1989). RIF-1 cells have shown increased sensitivity to UV
compared to RIF-8A cells (Di Prospero et al. 1996, Roy et al. 1996). It was therefore of
interest to measure the HCR of a UV-damaged virus in RIF-1 and RIF-8A cells. In the
following work, the HCR of a UV-damaged adenovirus based recombinant AACA35/acZ
carrying the /acZ reporter gene was examined in RIF-1 and RIF-8A cells. The lacZ
reporter gene product (B-gal) is easily detected through biochemical means.
AdCA35/acZ 1s a recombinant human adenovirus (Ad) virus which has been used as a
vector to carry the lacZ reporter gene under the control of the murine cytomegalovirus
(MCMV) immediate early promoter, inserted into the E1 deleted region of the Ad
genome (Graham and Prevec, 1991). The repair of a UV damaged reporter gene
measured by the production of reporter gene product reflects the ability of host cells to

repair UV damage in an actively transcribed gene.
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Mammalian cells have been shown to respond to pretreatment with subtoxic
doses of UV light, ionizing radiation or various chemical DNA damaging agents with
increased virus reactivation and mutagenic DNA repair, much like the SOS response
seen in bacteria (Dion and Hamelin 1987, Hilgers et al. 1989, Coppey and Menezes
1981). In mammalian cells, this phenomenon has been referred to as enhanced
reactivation. ER of UV damaged virus in mammalian cells is suggested to result from an
inducible DNA repair pathway (Rainbow 1981). In normal human fibroblasts, ER has
been seen following UV pretreatment (Hilgers et al. 1989, Coppey and Menezes 1981,
Dion and Hamelin 1987, Bennett and Rainbow 1987, Abrahams et al. 1988), and heat
shock pretreatment (McKay and Rainbow 1996). In rat hepatocytes, pretreatment of
cells with UV resulted in ER of UV irradiated Herpes Simplex virus type 1 (HSV-1)
(Zurlo and Yager 1984). ER has also been reported in CV-1 African green monkey cells
following both UV (Brown and Cerutti 1989) and hyperthermic pretreatments (Lytle

and Carney 1988). In this work, ER of a UV-damaged reporter gene and enhanced
expression of B-gal activity from a non-damaged reporter gene have been examined in

RIF-1 and RIF-8A cells following PDT, UV, cisplatin, or hyperthermia pretreatments.
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Materials and Methods

Cells

RIF-1 cells were provided by Dr. Barbara Henderson of Roswell Park Memorial
Institute, Buffalo, New York. RIF-8A cells were obtained from Dr. Gurmit Singh of the
Hamilton Regional Cancer Clinic and McMaster University, Dept. of Pathology,

Hamilton, ON. RIF-1 and RIF-8A cells were grown in monolayer and maintained in
Eagles o.~-minimal essential media (o~-MEM) supplemented with 10% fetal bovine serum
(FBS) and 1% antibiotic-antimycotic solution (100 pg/mL penicillin, 100 pg/mL
streptomycin and 250 ng/ml amphotericin B; Gibco BRL) (growth media), and

incubated at 37°C (5% CO2/95% air in a humid environment).

Virus

The AACA35/acZ is a nonreplicating Ad5 derived virus expressing /acZ under
control of the MCMV immediate early promoter. This construct expresses -gal in

murine cells without replication of the virus (Morsy et al. 1993). Virus was obtained

from Christina Addison and Dr. Frank Graham, Dept. of Biology, McMaster University,

Hamilton, ON (Graham and Prevec 1991). Virus stock was frozen at -20°C in a filter

sterilized solution of 10% glycerol in non-supplemented a~-MEM.
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Host Cell Reactivation Assay

Preparation of Cells

Cells were seeded at a density of 4 X 104 cells per well in 96-well microtitre plates in
growth media. Plates were incubated at 37°C (5% CO2/95% air in a humid

environment) for 24 hours to allow cells to adhere to the bottom surface of the well

prior to infection with virus.

UV-irradiation of Virus
UV irradiation of virus has previously been reported (Bennett and Rainbow,
1988). Viral suspensions in 1.6 mL a~-MEM (1% antibiotic~-antimycotic solution) were

irradiated in 35 mm dishes on ice with continuous stirring. Virus was irradiated using
a General Electric germicidal lamp (model G8T5) emitting predominantly at 254 nm.
Viral particles were UV irradiated with 50 J/m? - 500 J/m? at an incident fluence rate

of 2J/m?/sec (J-255 shortwave UV meter, Ultraviolet Products, San Gabriel, CA).
Aliquots of 100 uL were removed for each exposure to the virus and diluted in a-MEM
(1% antibiotic-antimycotic). Cells were infected with virus at a multiplicity of infection

(MO)) of 2 plaque forming units (pfu)/cell using 40 pL of viral suspension.
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Measuring p-gal Activity

After the 24 hour incubation period, cells were assayed for B-gal activity by
addition of 50 pL of Solution 1 (ImM PMSF, 0.5%NP-40 in 250mM Tris HCI at pH
7.8), 100 puL of the reaction buffer Solution 2 (10mM KCIl, ImM MgS0O4, 100mM

sodium phosphate and 50mM [(-mercaptoethanol all adjusted to pH 7.5), and 75 pL of

Solution 3 (4g/L O-nitrophenol b-D-galactopyranoside (ONGP) in 100mM sodium
phosphate at pH 7.5). Plates were incubated for a period of 20 minutes after the

addition of Solution 1, 10 minutes following the addition of Solution 2, and 2 hours
following addition of Solution 3. P-gal activity was read in all plates at OD4os5 using a

spectrophotometer.

P-Gal Activity Time Course Experiments

The incubation time required following addition of Solution 3 to RIF-1 and RIF-
8A cells, in order to obtain appropriate OD4os measurements of B-gal activity, was
examined. This was done by concurrently infecting a series of plates seeded with RIF-1
or RIF-8A cells and waiting between 1-48 hours prior to OD4os measurement of 3-gal

activity, over a period of 48 hours.

Enhanced Reactivation Assays

The procedure for this assay was identical to the HCR assay, except that cells

were pretreated with either Ph-PDT, JM2929-PDT, UV, cisplatin, or hyperthermia
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immediately before virus infection.

PDT pretreatment

Photofrin was obtained from Quadralogic Technologies Inc., Vancouver, B.C.
JM2929 was obtained from Johnson Matthey Inc., PA, Cells were seeded and
incubated for 24 hours as described in the HCR assay. Growth media was then
aspirated and replaced with fresh growth media containing either Photofrin or J]M2929
at concentrations ranging from 5-20 pug/mL. Plates were then incubated for 24 hours
after which time media was aspirated and replaced with fresh growth media without
photosensitizer. Plates were placed on a 100 cm X 50 cm light diffusing surface
illuminated by a bank of fluorescent tubes (Philips type TL/83) filtered with red acetate
filters (Roscolux, No.19, Rosco, CA) to give wide band illumination above 585 nm. The
energy fluence rate was approximately 9.2 J/m?/sec. The time of illumination was 5
minutes for each plate which resulted in an incident energy fluence of approximately
2.76 x 10% J/m%2 Media was removed from each well once more before viral
suspension was added. The remainder of the assay followed the procedure outlined in
the HCR protocol. All procedures involving photosensitizer were carried out under

conditions of minimal ambient lighting.

UV pretreatment

Cells were seeded as described in the HCR protocol. After 24 hours incubation,

media was aspirated from each well and cells were overlaid with 40 uL of phosphate
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buffer saline (PBS) (140 mM NaCl, 2.5 mM KCl, 10 mM NazHPO4 and 1.75 mM KH2PO4).
Cells were then UV irradiated with 2-20 J/m? at an incident fluence rate of 1J/m?2/sec
(J-255 shortwave UV meter, Ultraviolet Products, San Gabriel, CA) using a General

Electric germicidal lamp (model G8T5) emitting predominantly at 254 nm.

Hyperthermia Pretreatment

Cells were seeded as described in the HCR protocol. Prewarmed growth media
at 43.5°C £ 0.25 was added to each well before sealing the 96-well plate with PVC
tape. This procedure took no longer than 1 minute. Plates were then submerged into a
water bath whose temperature was maintained at 43.5°C + 0.25°C, for time periods

ranging from 15-30 minutes. Immediately following hyperthermia treatment, cells

were infected with virus.

Cisplatin Pretreatment

Cells were seeded as described in the HCR protocol. Media from each well was
removed prior to adding growth media containing 12.5 pM cisplatin. Cells were

treated with cisplatin for 1 hour prior to removal and addition of virus.

Colony Forming Assay

Colony forming assays (CFAs) were conducted on RIF-1 and RIF-8A cells to

examine their survival following hyperthermia treatments of 42°C, 43.5°C, and 46°C +

0.25°C. All CFAs were performed in 6 well plastic petri dishes (Falcon, Lincoln Park,
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NJ). Appropriate numbers of cells were seeded in order to count between 100-200
colonies per well post treatment. Following a six hour attachment period, growth
media was aspirated from the wells and replaced with fresh prewarmed growth media.
Plates were then sealed with PVC tape before submersion into a prewarmed water bath
for time periods between 15-60 minutes. Plates were incubated at 37°C (5% COz2/95%
air in a humid environment) for 4 days. Growth media was then aspirated and wells
were rinsed with ImL PBS. Cells were stained with methylene blue (5% w:v , 70%
methanol and 30% dH20). The stain was allowed to dry for 24 hours before colonies

greater than 20 cells were counted.
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RESULTS

Time Course of f-gal expression following infection of RIF cells with AdCA35lacZ

The HCR of P-gal expression at different time points following infection of cells
by AACA35/acZ in RIF-1 and RIF-8A cells was examined. Typical results obtained from
a single experiment (Figure 1) indicate similar time courses of B-gal expression in both

RIF-1 (Figure 1A) and RIF-8A (Figure 1B) cells. A twenty-four hour incubation period
post virus infection, followed by a 4 hour incubation after the addition of Solution 3,

was used for conducting the HCR and ER assays in the present work.

Host Cell Reactivation Assays

RIF cells were infected with non-irradiated and UV-irradiated AdCA35/acZ.
Representative survival curves for B-gal expression of UV irradiated Ad5CA35/acZ in
RIF-1 and RIF-8A cells are shown in Figure 2. It can be seen that there is a similar UV
exposure dependent decrease in relative 3-gal activity following infection of either RIF-
1 and RIF-8A cells. Survival points for each experiment were fitted to the linear
quadratic equation (SF=e-(**A")) (where SF is the surviving fraction of p-gal activity).

D37 values (dose required to reduce the fraction of survival cells to 37%) were

extrapolated for 15 independent experiments. The relative D37 value (D37 RIF-1cells/

D37 RIF-8A cells) was determined for each experiment. The mean relative Ds7 *

standard error of 15 independent experiments was 1.267 = 0.10049 (p<0.01),
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indicating a small, but significant increase in the HCR of a UV-damaged reporter gene

in RIF-1 cells compared to RIF-8A cells.

Enhanced Reactivation Assays
In the present work, we examined the ER of a UV damaged reporter gene in RIF-

1 and RIF-8A cells following pretreatment with Ph-PDT, JM-PDT, UV, cisplatin, and

hyperthermia. For each treatment dose to cells, B-gal activity from UV damaged

AdCA35/acZ was compared to 3-gal activity from non-damaged AACA35/acZ. Typical
results from a single experiment are shown for one dose or exposure to cells (Figures
3,6,9,12,14), as well as one UV exposure to virus (300 J/m?) (Figures 4,7,10,15), for
each type of damaging agent given to RIF-1 and RIF-8A cells. The expression of 3-gal

activity from a non-damaged reporter gene was also examined for RIF-1 and RIF-8A

cells following each dose or exposure of damaging agent to cells (Figures 5,8,11,16).

Results for colony survival, ER of a UV damaged reporter gene, and enhanced
expression of B-gal activity from a non-damaged reporter gene in RIF-1 and RIF-8A

cells, following treatment with each damaging agent, are summarized in Table 1.

Ph-PDT Enhanced Reactivation
RIF-8A cells have previously been reported to have increased clonogenic
survival following Ph-PDT compared to RIF-1 parent cells (Singh et al. 1991)

Enhanced reactivation of a UV damaged reporter gene was examined in RIF-1 and RIF-
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8A cells pretreated with Ph-PDT. Each individual experiment showed enhanced
reactivation of a UV damaged reporter gene in Ph-PDT treated RIF-1 cells, but not in
Ph-PDT treated RIF-8A cells, over the range of doses examined (Refer to Table I). Figure

3 shows typical results for enhanced reactivation of a UV damaged reporter gene in 15
pug/mlL Ph-PDT treated RIF-1 (Figure 3A) and RIF-8A (Figure 3B) cells, compared to
nontreated cells. Figure 4 shows pooled results (from two experiments) of the ratio of
B-gal activity (treated cells/non-treated cells) from reporter gene irradiated with 300
J/m2 UV in RIF-1 and RIF-8A cells, pretreated with Ph-PDT.

Enhanced expression of B-gal activity from an undamaged reporter gene was
also examined in Ph~PDT treated RIF-1 and RIF-8A cells. In each individual experiment
RIF-8A cells, but not RIF-1 cells showed enhanced expression of B-gal activity from an
undamaged reporter gene following Ph-PDT over the range of doses examined (Refer to
Table I). Figure 5 shows pooled results (for two experiments) of the relative (-gal

activity (treated cells/non-treated cells) from a non-damaged reporter gene in RIF-1

and RIF-8A cells following Ph-PDT pretreatment.

JM2929-PDT Enhanced Reactivation

RIF-1 and RIF-8A cells have been reported to have similar survival following
JM2929-PDT (Roy et al. 1996). Enhanced reactivation of a UV damaged reporter gene
was examined in RIF-1 and RIF-8A cells pretreated with J]M2929-PDT. Each individual
experiment showed increased reactivation of a UV damaged reporter gene in JM2929-

PDT treated RIF-1 cells, compared to JM2929-PDT treated RIF-8A cells, over the range
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of doses examined (Refer to Table I). Figure 6 shows typical results for enhanced
reactivation of a UV damaged reporter gene in 15 pg/mlL JM2929-PDT treated RIF-1
(Figure 6A) and RIF-8A (Figure 6B) cells, compared to nontreated cells. Figure 7 shows
pooled results (from two experiments) of the ratio of 3-gal activity (treated cells/non-
treated cells) from reporter gene irradiated with 300 J/m? UV in RIF-1 and RIF-8A cells
pretreated with J]M2929-PDT.

Enhanced expression of 3-gal activity from an undamaged reporter gene was
also examined in JM2929-PDT treated RIF-1 and RIF-8A cells. In each individual
experiment, a similar level of decreased expression of P-gal activity from an
undamaged reporter gene was observed for RIF-1 and RIF-8A cells, over the range of
JM2929-PDT doses examined (Refer to Table I). Figure 8 shows pooled results (for two
experiments) of the relative B-gal activity (ireated cells/non-treated cells) from a non-

damaged reporter gene in RIF-1 and RIF-8A cells following JM2929-PDT pretreatment.

UV Enhanced Reactivation

RIF-8A cells have previously been shown to have increased resistance to UV
compared to parent RIF-1 cells (D1 Prospero et al. 1996, Roy et al. 1996). Enhanced
reactivation of a UV damaged reporter gene was examined in RIF-1 and RIF-8A cells
pretreated with UV 1irradiation. Each individual experiment showed increased
reactivation of a UV damaged reporter gene in UV treated RIF-1 cells, compared to UV
treated RIF-8A cells, at a UV exposure of 5J/m? (Refer to Table I). Figure 9 shows

typical results for enhanced reactivation of a UV damaged reporter gene in 5J/m? UV-
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irradiated RIF-1 (Figure 9A) and RIF-8A (Figure 9B) cells, compared to nontreated cells.
Figure 10 shows pooled results (from three experiments) of the ratio of B-gal activity

(treated cells/non-treated cells) from reporter gene irradiated with 300 J/m?2 UV in

RIF-1 and RIF-8A cells pretreated with UV irradiation.

Enhanced expression of -gal activity from an undamaged reporter gene was
also examined in UV-irradiated RIF-1 and RIF-8A cells. In each individual experiment
increased expression of -gal activity from an undamaged reporter gene was seen for

both RIF-1 and RIF-8A cells following UV irradiation over the range of exposures

examined (Refer to Table I). Figure 11 shows pooled results (for three experiments) of
the relative P-gal activity (treated cells/non-treated cells) from a non-damaged

reporter gene in RIF-1 and RIF-8A cells following UV pretreatment.

Cisplatin Enhanced Reactivation
Ph-PDT resistant RIF-8A cells have previously been shown to have a cross
resistance to cisplatin (Moorehead et al. 1994). Enhanced reactivation of a UV

damaged reporter gene was examined in RIF-1 and RIF-8A cells pretreated with 12.5
UM cisplatin. Each individual experiment showed no difference in reactivation of a UV

damaged reporter gene between cisplatin freated and non treated RIF-1, as well as RIF-

8A cells, for the cisplatin dose examined (Refer to Table I). Figure 12 shows typical
results for enhanced reactivation of a UV damaged reporter gene in 12.5 uM cisplatin

treated RIF~-1 (Figure 12A) and RIF-8A (Figure 12B) cells, compared to nontreated cells.
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Pooled results from three independent experiments also suggest no difference in
expression of B-gal activity from an non-damaged reporter gene in cisplatin treated

compared to non-treated cells, for both RIF-1 and RIF-8A cells (results not shown).

Colony Forming Assays of Heat Shock treated cells

Colony forming assays were performed for RIF-1 and RIF-8A cells over a dose
range of 42°C to 46°C * 0.25°C, for exposure periods ranging from 15-60 minutes.

Each individual experiment showed no difference in sensitivity between RIF-1 and RIF-
8A cells following hyperthermia treatment, over the range of doses examined. Pooled

results from three independent experiments are shown in Figure 13.

Heat Shock Enhanced Reactivation

RIF-1 and RIF-8A cells appear to have similar survival following hyperthermia
treatment, as was determined using the colony forming assay (Figure 12). Enhanced
reactivation of a UV damaged reporter gene was examined in RIF-1 and RIF-8A cells
pretreated with hyperthermia. Each individual experiment showed decreased
reactivation of a UV damaged reporter gene in hyperthermia pretreated RIF-1 and RIF-
8A cells, over the range of doses examined (Refer to Table I). Figure 14 shows typical
results for enhanced reactivation of a UV damaged reporter gene in hyperthermia

treated (30 min, 43.5°C £ 0.25) RIF-1 (Figure 14A) and RIF-8A (Figure 14B) cells,

compared to nontreated cells. Figure 15 shows pooled results (from three experiments)
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of the ratio of PB-gal activity (treated cells/non-treated cells) from reporter gene
irradiated with 300 J/m? UV in RIF-1 and RIF-8A cells pretreated with hyperthermia.
Enhanced expression of (3-gal activity from an undamaged reporter gene was
also examined in hyperthermia treated RIF-1 and RIF-8A cells. In each individual
experiment decreased expression of -gal activity from an undamaged reporter gene

was seen for both RIF-1 and RIF-8A cells following hyperthermia pretreatment, over the

range of doses examined (Refer to Table I). Figure 16 shows pooled results (for three
experiments) of the relative -gal activity (treated cells/non-treated cells) from a non-

damaged reporter gene in RIF-1 and RIF-8A cells following UV pretreatment.

Results from each of the above assays are summarized in Table 1.
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Figure 1: Time Course measurement of B-gal activity in RIF cells

following infection with AdCA35/acZ.

RIF-1(A) and RIF-8A (B) cells were infected with AACA35/acZ at an MOI of 2 pfu/cells.
Measurements at OD4os5 of B-gal activity were conducted for 1hr (-M-), 5hr (-@-),
12hr (-A-), 24 hr (-¥-) and 48 hr (-€-) incubation periods following the 90 minute
viral infection period. Shows results from one experiment conducted in triplicate trials.

Each data point is the average + standard error.
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Figure 2: Host Cell Reactivation of UV damaged AACA35/acZ by RIF cells.

RIF-1 (-M-) and RIF-8A (-@-) cells were infected with non-irradiated and UV-
irradiated AACA35/acZ. Shows results from a typical experiment. Relative {3-gal
activity is the surviving fraction (SF) of reporter gene activity measured at OD4os. Each
data point is the arithmetic mean + standard error of three determinations from a single

experiment.
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Figure 3: Ph-PDT Enhanced reactivation of UV damaged reporter gene in

RIF cells.

Shows typical results of B-gal activity from UV-irradiated AACA35/acZ in untreated (-
M-) and 15 pg/mL Ph-PDT treated (-@-) RIF-1 (A) and RIF-8A (B) cells. Relative 3-gal
activity is the surviving fraction (SF) of reporter gene activity measured at OD4os5. Each

data point is the arithmetic mean * standard error of three determinations from a single

experiment.
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Figure 4: Enhanced reactivation of AACA35/acZ irradiated with 300 J/m?

UV light by Ph-PDT treated RIF cells

Ph-PDT treated RIF-1(-M-) and RIF-8A (-@-) cells were infected with UV irradiated

and non-irradiated AdCA35/acZ. Shows pooled results of two experiments each
conducted in triplicate. (-Gal activity was measured at OD4os. Relative B-gal activity
of 300 J/m? UV light exposed AdCA35/acZ (pretreated cells/non-treated cells) was

calculated. Each data point represents the arithmetic mean + standard error.
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Figure 5: Enhanced expression of 3-gal activity in Ph-PDT treated RIF

cells

Ph-PDT pretreated and untreated RIF-1 (-l-) and RIF-8A (-@-) cells were infected with

non-irradiated AdCA35/acZ.  Shows pooled results from two experiments each
conducted in triplicate. P-Gal activity was measured at OD4os. Relative [3-gal activity

for undamaged reporter gene was calculated from the surviving fraction of reporter

gene activity (treated cells/non-treated cells). Each data point represents the arithmetic

mean =+ standard error.
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Figure 6: JM2929-PDT Enhanced reactivation of UV damaged reporter gene in

RIF cells.

Shows typical results of B-gal activity from UV-irradiated AdCA35/acZ in untreated (-

M-) and 15 pg/mL JM-PDT treated (-@-) RIF-1 (A) and RIF-8A (B) cells. Relative 3-gal
activity is the surviving fraction (SF) of reporter gene activity measured at OD4o5. Each
data point is the arithmetic mean * standard error of three determinations from a single

experiment.
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Figure 7: Enhanced reactivation of AdCA35/acZ irradiated with 300 J/m?

UV light by J]M2929-PDT treated RIF cells

JM2929-PDT treated RIF-1(-H-) and RIF-8A (-@-) cells were infected with UV

irradiated and non-irradiated AACA35/acZ. Shows pooled results of two experiments
each conducted in triplicate. P-Gal activity was measured at OD4os. Relative 3-gal
activity of 300 J/m?2 UV light exposed AdCA35/acZ (pretreated cells/non-treated cells)

was calculated. Each data point represents the arithmetic mean + standard error.
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Figure 8: Enhanced expression of 3-gal activity in JM2929-PDT treated RIF

cells

JM2929-PDT pretreated and untreated RIF-1 (-M-) and RIF-8A (-@-) cells were

infected with non-irradiated AACA35/acZ. Shows pooled results from two experiments
each conducted in triplicate. B-Gal activity was measured at OD4os. Relative B-gal

activity for undamaged reporter gene was calculated from the surviving fraction of
reporter gene activity (treated cells/non-treated cells). Each data point represents the

arithmetic mean + standard error.
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Figure 9: UV Enhanced reactivation of UV damaged reporter gene in

RIF cells.

Shows typical results of B-gal activity from UV-irradiated AAdCA35/acZ in untreated (-
l-) and 5 J/m?2 UV irradiation treated (-@-) RIF-1 (A) and RIF-8A (B) cells. Relative B~
gal activity is the surviving fraction (SF) of reporter gene activity measured at ODos.
Each data point is the arithmetic mean * standard error of three determinations from a

single experiment.
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Figure 10: Enhanced reactivation of AdCA35/acZ irradiated with 300 J/m?

UV light by UV treated RIF cells

UV treated RIF-1(-H-) and RIF-8A (-@-) cells were infected with UV irradiated and

non-irradiated AACA35/acZ. Shows pooled results of two experiments each conducted
in triplicate. P-Gal activity was measured at ODaos. Relative B-gal activity of 300 J/m?
UV light exposed AdCA35/acZ (pretreated cells/non-treated cells) was calculated.

Each data point represents the arithmetic mean * standard error.
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Figure 11: Enhanced expression of B-gal activity in UV treated RIF cells

UV pretreated and untreated RIF-1 (-Hl-) and RIF-8A (-@-) cells were infected with

non-irradiated AdCA35/acZ. Shows pooled results from two experiments each
conducted in triplicate. f3-Gal activity was measured at OD4os. Relative B-gal activity

for undamaged reporter gene was calculated from the surviving fraction of reporter

gene activity (treated cells/non-treated cells). Each data point represents the arithmetic

mean + standard error.
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Figure 12: Cisplatin Enhanced reactivation of UV damaged reporter gene in

RIF cells.

Shows typical results of -gal activity from UV-irradiated AdCA35/acZ in untreated (-
M-) and 12.5 pM cisplatin treated (-@-) RIF-1 (A) and RIF-8A (B) cells. Relative 3-gal
activity is the surviving fraction (SF) of reporter gene activity measured at OD4os. Each

data point 1s the arithmetic mean * standard error of three determinations from a single

experiment.
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Figure 13: Colony Forming Assay of Heat Shock treated RIF cells

Survival of RIF-1 cells exposed to 42°C (-l-), 43.5°C (-A-), 46°C (-@-) and RIF-8A
cells exposed to 42°C (-@-), 43.5°C (-¥-) and 46°C (-%-) was determined by colony
forming assay. Shows pooled results of three experiments each conducted in triplicate.

Each data point represents the arithmetic mean + standard error.
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Figure 14: Heat Shock Enhanced reactivation of UV damaged reporter gene

in RIF cells.

Shows typical results of -gal activity from UV-irradiated AACA35/acZ in untreated (-
B-) (30 min at 43.5°C £ 0.25) heat shock treated (-@-) RIF-1 (A) and RIF-8A (B) cells.
Relative B-gal activity is the surviving fraction (SF) of reporter gene activity measured

at OD4os. Each data point is the arithmetic mean * standard error of three

determinations from a single experiment.
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Figure 15: Enhanced reactivation of AACA35/acZ irradiated with 300 J/m?

UV light by heat shock treated RIF cells

Heat shock treated RIF-1(-H-) and RIF-8A (-@-) cells were infected with UV irradiated

and non-irradiated AdCA35/acZ. Shows pooled results of two experiments each
conducted in triplicate. -Gal activity was measured at OD4os. Relative B-gal activity
of 300 J/m? UV light exposed AdACA35/acZ (pretreated cells/non-treated cells) was

calculated. Each data point represents the arithmetic mean * standard error.

127



{
~—

S||90 pajealjuou ui AlIAoY |eb-g aAlje|ay
S[jo0 pajeanalid ul AJIANDY [eb-g oAneoy

Heat Shock Treatment (min)



Figure 16: Enhanced expression of 3-gal activity in Heat Shock treated RIF cells

Heat shock pretreated and untreated RIF-1 (-H-) and RIF-8A (-@-) cells were infected

with non-irradiated AdACA35/acZ. Shows pooled results from two experiments each
conducted in triplicate. -Gal activity was measured at OD4os. Relative [3-gal activity

for undamaged reporter gene was calculated from the surviving fraction of reporter

gene activity (treated cells/non-treated cells). Each data point represents the arithmetic

mean * standard error.
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TABLE 1: Relative survival of RIF cells and UV damaged AdCA35/acZin RIF Cells

Treatment Clonogenic Survival ER at:300 J/m2 to-virus | -Enhanced Transcription
RIF -1 RIF-8A RIF~1 RIF-8A RIF-1 RIF-8A
Photofrin-PDT 3 3 2) (2) 2) (2)
(ug/mL)
0 , 1 1 1 1 1 1
5 0.74 £0.08 | 0.86£0.07 | 1.31£.06" | 0.79+.04° 1.27 + .58 1.59+ .27
10 0.58+0.07 [ 0.65+0.07 | 3.92+1.25 | 1.0+.23 { 0.38+.21° | 2.84+1.26
15 0.02+.003 | 0.40+0.08 | 7.92+3.76 | 1.11+.21 | 0.07+.03° | 2.74 + 1.61
20 .002+.003 | 044+0.20 | 547 +.15* | 0.37+.06° | 0.04+.03° | 2.27+1.09
JM2929-PDT ®) 3) @) ) @) @)
(ng/mL)
0 1 1 1 1 1 1
5 0.63+.03 | 063+.07 | 1.51+.18 | 1.04+0.58 | 0.51+.09° | 1.28 +.86°
10 0.17 £ .05 0.19£.07 263x1.68 | 0.78£0.31 | 0.31£.04° | 0.17 £.06°
15 0.11£.02 | 0.08+.02 | 4.10%£.59* | 0.85+0.70 | 0.16 +.05° | 0.11 +.07°
20 0.01+.003 | 0.01+.004 | 1.80+091 | 1.59+0.10 | 0.16 +.08° | 0.13 +.06°
UV (/m2) ®) @) 3) 3) 3) 3)
0 1 1 1 1 1 1
2 - - 0.82+0.23 | 0.91+0.09 | 1.55+0.30 | 1.12+.15
5 0.81+0.1 | 0.83+0.09 | 1.57+.24* | 1.20+.07* | 1.06+0.16 | 1.13+ .24
10 0.29+0.19 | 0.31+0.14 | 0.93+0.34 | 1.03+0.08 | 2.16 +0.79 | 1.33%.17
20 0.03+0.01 | 0.06+0.02 | 0.74+0.22 | 0.79+0.09 | 2.11 +0.67 | 1.62+.06"
Cisplatin (M) 3 () ®) ®) ) ®
0 1 1 1 1 1 1
12.5 ~0.007 ~0.11 097+0.15 | 0.96+0.18 | 1.11+0.11 | 1.08 £0.02
Heat Shock at 3 3 3 3 3 €))
43.5°C (min)
0 1 1 1 1 1 1
15 0.83+0.11 | 0.92+0.15 | 1.01+0.12 | 1.06+0.06 | 1.06+04 | 1.19%0.1
30 0.70+0.04 | 0.60+0.07 | 0.79+.14° | 0.71+.07° | 0.39+0.4 | 0.25+.02°

() Number within brackets indicates the number of experiments conducted for each assay
-Data obtained from Moorehead et al. (1994)

* significantly greater than 1 (p<0.05) by 1 tailed test

° significantly less than 1 (p<0.05) by 1 tailed test
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Discussion

Previous results suggest a cross-resistance to UV by Ph-PDT resistant RIF-8A
cells shown by viral capacity (Di Prospero et al. 1996) and clonogenic survival (Roy et
al. 1996). The viral capacity assay measures the ability of cells, which have been
treated with a chemical or physical agent, to support viral growth (Di Prospero et al.
1996). The colony forming assay can measure a cell’s ability to retain its reproductive
integrity and thereby proliferate, following treatment with a chemical or physical agent
(Hall 1994). HCR of virus 1s a sensitive and quantitative measure of the repair capacity
of the host cell, not treated with a damaging agent, to repair and hence replicate
damaged viral DNA induced by a number of physical and chemical agents (Parsons et
al. 1986, Day et al. 1975, Rainbow 1989). In this work, the HCR of a UV damaged
reporter gene was examined in RIF-1 and RIF-8A cells. Results show increased HCR of
UV damaged AdCA35lacZ in RIF-1 cells compared to RIF-8A cells. This suggests
increased repair of UV damage in an actively transcribed gene in RIF-1 cells compared
to RIF-8A cells. This result also suggests that the capability for increased repair of UV
damage in an actively transcribed gene does not correlate with increased survival of
RIF-1 cells following UV exposure.

ER of virus involves the combination of HCR of damaged viral DNA, with cells
that are pretreated with damaging agent (Parsons et al. 1986). ER in mammalian cells
has been compared to the SOS response observed in bacteria (Dion and Hamelin 1987,

Hilgers et al. 1989, Coppey and Menezes 1981). ER of a UV damaged DNA virus in
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mammalian cells is suggested to result from an inducible repair pathway (Rainbow
1981). In our laboratory, ER by UV or heat shock (Francis and Rainbow 1995, McKay
and Rainbow 1996) has been demonstrated in normal human fibroblasts as well as
normal lung epithelial cells. In this work, we observed Ph-PDT enhanced reactivation
of a UV damaged reporter gene in murine fibrosarcoma RIF-1 cells, but not in Ph~-PDT
resistant RIF-8A cells. This difference in enhanced reactivation was observed at a Ph-

PDT dose that results in approximately 2% survival of RIF-1 cells, and 40% survival of
RIF-8A cells. However, at this Ph-PDT dose, the expression of (3-gal activity from non-

irradiated reporter gene was significantly greater in Ph-PDT treated RIF-8A cells
compared to RIF-1 cells. | These results suggest that RIF-1 cells are more sensitive to Ph-
PDT induced inhibition of transcription compared to RIF-8A cells. Inhibition of
transcription in RIF-1 cells following Ph-PDT may be related to the enhanced
reactivation of a UV damaged reporter gene in RIF-1 cells. Several other studies suggest
a coupling of transcription termination to repair (Yamaizumi and Sugano 1994). It is
possible that differences in cell cycle arrest following Ph-PDT may exist for RIF-1 and
RIF-8A cells, and that such differences could result in the increased Ph-PDT resistance
observed for RIF-8A cells compared to RIF-1 cells. Whereas, the presence of inducible
repair and increased cell cycle block may be related to reduced survival for RIF-1 cells
following Ph-PDT. It is also possible that following Ph-PDT, RIF-8A cells are more
efficient in post-replication repair as compared to RIF-1 cells. Post-replication repair 1s
a repair process whereby a cell’s repair machinery bypasses DNA template dafnage, and

the damaged DNA is still replicated. (Weaver and Hedrick 1989, Friedberg et al. 1995).
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Previous results suggest no difference in survival between JM2929 -PDT treated
RIF-1 and RIF-8A cells (Roy et al. 1996) However, at a JM2929-PDT dose that results
in approximately 11% survival for RIF-1 cells and 8% survival for RIF-8A cells, RIF-1
cells showed an enhanced reactivation of a UV damaged reporter gene compared to
RIF-8A cells. Yet, no difference in expression of B-gal activity from a non-damaged
reporter gene was observed between RIF-1 and RIF-8A cells following a similar
JM2929-PDT pretreatment dose to cells. Similar expressions of B-gal activity from a

non-damaged reporter gene in JM2929-PDT treated RIF-1 and RIF-8A cells may be
related to similar survival of RIF-1 and RIF-8A cells observed following JM2929-PDT
treatment.

Ph-PDT resistant RIF-8A cells have shown a cross resistance to UV (Di Prospero
et al. 1996, Roy et al. 1996). UV exposure of 5J/m? results in approximately 81%
survival of RIF-1 cells and 83% survival of RIF-8A cells. At a higher UV exposure,
(40J/m?) there is an approximate 10 fold difference in survival between RIF-8A and
RIF-1 cells (results not shown). Results show increased reactivation of a UV damaged
reporter gene (at UV exposure of 5J/m?) in RIF-1 cells compared to RIF-8a cells.

Enhanced expression of 3~gal activity from a non-damaged reporter gene was seen for

both RIF-1 and RIF-8A cells following UV pretreatment. Similar to Ph-PDT results
correlating presence of inducible repair and decreased survival in Ph-PDT treated RIF-1
cells, increased inducible repair in RIF-1 cells compared to RIF-8A cells following low
UV exposure pretreatment may be related to the decreased survival of RIF-1 cells

observed following UV treatment. This result also supports the suggestion of some
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overlap in the type(s) of cellular damage induced by UV and Ph-PDT and/or an overlap
in the pathways for the repair of UV and Ph~-PDT damage in RIF cells (Di Prospero et al.
1996).

Previous work has shown a cross resistance of Ph-PDT resistant RIF-8A cells to
cisplatin (Moorehead et al. 1994). Some researchers have examined host cell
reactivation of cisplatin treated virus in different mammalian cells (Maynard et al.
1989, Zeng Rong et al. 1995, Jennerwein et al. 1991). However to our knowledge,
there have not been any reports of enhanced reactivation studies in mammalian cells
following cisplatin pretreatment. At a cisplatin dose that results in approximately 0.7%
survival in RIF-1 cells and 11% survival in RIF-8A cells, no enhanced reactivation of a
UV damaged reporter gene was seen for either RIF-1 or RIF-8A cells. Results show no
enhanced expression of 3-gal activity from non-damaged virus in RIF-1 or RIF-8A cells
following pretreatment with a similar dose of cisplatin. It is possible that following
cisplatin damage, morphological and functional changes in the mitochondria, rather
than differences in the DNA repair, play a significant role in the cellular survival for
RIF cells.

Over the range of hyperthermia doses examined, no difference in survival was
observed for RIF-1 and RIF-8A cells. At a hyperthermia treatment dose that results in
approximately 70% survival in RIF-1 cells and 60% survival in RIF-8A cells, decreased
reactivation of a UV damaged reporter gene was seen for both RIF-1 and RIF-8A cells.

Decreased expression of B-gal activity from a non-damaged reporter gene following a

similar hyperthermia dose was observed for both RIF-1 and RIF-8A cells. Ph-PDT and
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hyperthermia have been shown to cause similar types of damage to RIF-1 tumor cells,
however the mechanism(s) leading to tumor cell damage are thought to be separate for
these two modalities (Henderson et al. 1985). Absence of cross resistance of Ph-PDT
resistant RIF-8A cells to hyperthermia supports the suggestion of separate mechanism(s)
of damage induced by Ph-PDT and hyperthermia. Decreased reactivation of a UV
damaged reporter gene and decreased expression of 3-gal activity from a non-damaged
reporter gene were observed for both RIF-1 and RIF-8A cells following hyperthermia
pretreatment. However, it is possible that at higher doses of hyperthermia treatment,
results for enhanced reactivation of a UV damaged virus and for enhanced expression
of B-gal activity from a non-damaged reporter gene may differ between RIF-1 and RIF-
8A cells. Further examination of heat éhock ER for RIF-1 and RIF-8A cells following
equitoxic treatments of Ph~PDT and hyperthermia is required.

These results suggest that the relation between survival, enhanced reactivation
of a UV damaged reporter gene, and enhanced expression of 3-gal activity from a non-
damaged reporter gene varies in RIF-1 and RIF-8A cells depending on the damaging
agent. However it is suggested that the decreased reactivation of a UV-damaged
reporter gene in RIF-8A cells, compared to RIF-1 cells, may be related to the increased

survival of RIF-8A cells following Ph-PDT and UV treatments.
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CHAPTER 5

SUMMARY



SUMMARY

In this work, we have examined the sensitivity of murine fibrosarcoma cells,
with varying Ph-PDT sensitivities, to several different damaging agents. Results from
the Hoechst Fluorochrome assay as well as the colony forming assay indicated no
difference in survival between RIF-1 and RIF-8A cells following PDT mediated by the
novel phthalocyanine sensitizer JM2929 (Table I). These results suggest that the
cellular targets for JM2929-PDT and Ph-PDT are not identical in RIF-1 and RIF-8A
cells. The Hoechst Fluorochrome assay results showed a cross resistance to JM2929-
PDT for the Ph-PDT resistant CPR-C1 and RIF-P16CL8 cells (Table I). These results
suggest that the cellular changes required for RIF-8A cells compared to CPR-C1 cells
and RIF-P16CL8 cells to become resistant to Ph~-PDT are different, or that additional
changes have occurred in one or all of the Ph-PDT resistant variants, that affect their
JM2929-PDT sensitivity.

Colony forming assay results of UV irradiated RIF-1 and RIF-8A cells obtained in
this work support previous viral capacity assay results that indicated a cross-resistance
to UV irradiation of Ph-PDT resistant RIF-8A cells (Table I). These results suggest that
there may be similarities in the components of damage and/or similarities in the repair
pathways of Ph~-PDT and UV treatments in RIF-1 and RIF-8A cells.

In this work, colony forming assay results indicated a cross resistance of Ph-PDT

resistant CPR-C1 cells, but not Ph-PDT resistant RIF-P16CL8 cells, to gamma radiation
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(Table I). Ph-PDT resistant RIF-8A cells showed a significantly increased sensitivity to
gamma-rays compared to RIF-1 parent cells (Table I). These results suggest that the
cellular changes required for the RIF-8A cells to develop resistance to Ph-PDT interfere
with the ability of these cells to recover from the cellular damage induced by gamma
radiation. These results also suggest that the cellular changes required for RIF-8A cells
compared to RIF-P16CL8 and CPR-C1 cells to become resistant to Ph-PDT are different,
or that additional changes have occurred in one or all of the Ph~PDT resistant variants
that affect their gamma-ray sensitivity. These results, as well as results obtained for the
JM2929-PDT sensitivities of the Ph-PDT resistant variants, suggest that more than one
mechanism of induced resistance to Ph-PDT exists in RIF cells.

Colony forming assay results of RIF-1 and RIF-8A cells treated with gamma-rays
in the presence of Photofrin indicated that Photofrin increases gamma-ray sensitivity in
RIF-1 cells, but not RIF-8A cells (Table II). Gamma-irradiation in the presence of
JM2929 had no radiosensitizing effect on the survival of either RIF-1 or RIF-8A cells
(Table II). This result suggests that Photofrin may act as a radiosensitizer in the clinical
treatment of radioresistant tumors. This result also suggests that gamma-radiation and
red light exposure in the presence of Photofrin both induce a type of damage which
results in a greater lethality for RIF-1 compared to RIF-8A cells. It is possible that this
type of damage can be repaired in RIF-8A, but not RIF-1 cells.

Colony forming results of RIF-1 and RIF-8A cells treated with Ph~-PDT followed
by hyperthermia indicated synergistic effects on the survival of RIF-8A cells, but not

RIF-1 cells (Table III}. No effect on the survival of RIF-1 and RIF-8A cells was observed
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when cells were treated with JM2929-PDT followed by hyperthermia, compared to the
survival of RIF-1 and RIF-8A cells treated with JM2929-PDT alone (Table I). These
results suggest that in the clinical setting, combinational treatments using Ph-PDT and
hyperthermia may be of added benefit in the treatment of Ph-PDT resistant tumors.

HCR of a UV damaged reporter gene was used to determine the differences in
DNA repair between RIF-1 and RIF-8A cells. Results indicated that the HCR of a UV-
damaged reporter gene was increased in RIF-1 compared to RIF-8A cells (Table IV).
These results suggest that the increased survival of RIF-8A cells compared to RIF-1 cells
following UV exposure does not result from an increased capability for repair of UV
damage in an actively transcribed gene.

Results indicated enhanced reactivation of a UV damaged reporter gene in Ph-
PDT pretreated RIF-1 cells, but not RIF-8A cells. However, enhanced expression of f3-
gal activity from a non-damaged reporter gene was observed in Ph-PDT pretreated RIF-
8A cells, but not RIF-1 cells (Tables IV & V). These results suggest that the decreased
capability for DNA repair of an actively transcribed gene, and the transcriptional
enhancement of an actively transcribed gene in Ph-PDT pretreated RIF-8A cells, may be
related to the resistance observed by RIF-8A cells treated with Ph~-PDT.

A decreased level of reactivation of a UV damaged reporter gene was observed
in Ph-PDT as well as UV pretreated RIF-8A cells compared to RIF-1 cells (Table IV).
These results suggest that the decreased level of inducible repair of an actively
transcribed gene may be related to Ph-PDT and UV resistance observed in RIF-8A cells -

compared to RIF-1 cells.
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ER of a UV damaged reporter gene, as well as the expression of -gal activity
from a non-damaged reporter gene, in RIF-1 and RIF-8A cells pretreated with J]M2929-
PDT, cisplatin, or hyperthermia were examined (Table IV & V). Results suggest that the
relation between survival, DNA repair and transcriptional enhancement of an actively
transcribed gene varies in RIF-1 and RIF-8A cells, depending on the damaging agent

employed.

143



Ph-PDT (HFA) + +++ ND ND ND
Ph-PDT (CFA) + +++ 40 +to I
JM-PDT (HFA) + i3 + 4 ++++
JM-PDT (CFA) + + ND ND ND
UV light (CFA) + ++ ND ND ND
Gamma-rays (CFA) +++ + % oL S
Heat Shock (CFA) ++ ++ 0 40 ND
Table II: Combined Photosensitizer and
C '

Ph + Gamm; rays
(CFA)

JM + Gamma rays
(CFA)

o+

Heat Shock (CFA) ++ ++ ++° 40 ND

Ph-PDT + Heat Shock ++ + ND ND ND
(CFA)

JM-PDT + Heat Shock ++ ++ ND ND ND
(CFA)

(HFA) Hoechst Fluorochrome Assay, (CFA) Colony Forming Assay, (Ph) Photofrin, (JM) JM2929,
(ND) not done, (+ ++ +++ ++++) relative sensitivity in increasing order of resistance
*(Luna personal communication)

°(Luna and Gomer 1991)

Table IV- HCR and ER of a UV damaged

Table V. Enhanced Expression of a reporter

(HCR) Host Cell Reactivation, (ER) Enhanced Reactivation
(+ ++ +++) enhanced repair in order of increasing levels
() no enhanced repair, (--) decreased repair

RIF cells RIF cell
HCR ++ +

Ph-PDT EE e

Ph-PDT ER ot JM-PDT EE
JM-PDT ER ++ UV EE 4 T

UV ER ++ + Cisplatin EE
Cisplatin ER Heat Shock EE -- --

Heat Shock ER s s (EE) Enhanced expression

(+ ++) enhanced expression in order of increasing levels
(-) no enhanced expression, (--) decreased expression
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