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Photodynamic therapy enhances the efficacy of gene-directed
enzyme prodrug therapy

Catherine Christie?, Aftin D Pomeroy?, Rohit Nair?, Kristian Berg®, and Henry Hirschberg?
aBeckman Laser Institute and Medical Clinicl, University of California, Irvine1002 Health
Sciences Rd Irvine, CA 92617 USA

bDept. of Radiation Biology, The Norwegian Radium Hospital, Oslo University Hospital, Oslo
Norway

Abstract

Introduction—Gene-directed enzyme prodrug therapy (GDEPT) employing the cytosine
deaminase (CD) gene, which encodes an enzyme that converts the nontoxic agent 5-fluorocytosine
(5-FC) into the chemotherapeutic drug 5-fluorouracil (5-FU), has shown promise both in
experimental animals and in clinical trials. Nevertheless, with the transfection systems available
presently the percentage of tumor cells incorporating the desired gene is usually too low for
successful therapy. We have examined the ability of photodynamic therapy (PDT) to enhance the
efficacy of the metabolites, converted from 5-FC by CD gene transfected rat glioma cells.

Methods—Hybrid tumor cell spheroids consisting of CD positive and CD negative F98 glioma
cells in varying ratios were used as in vitro tumor models. PDT was performed with the
photosensitizer AIPcS,, and A = 670nm laser irradiance, both before and after confrontation with
5-FC.

Results—PDT increased the toxicity of 5-FU either as pure drug or derived from monolayers of
CD positive cells chalanged with 5-FC. PDT in combination with 5-FC resulted in a significantly
enhanced inhibition of hybrid spheroid growth compared to non light treated controls. This was
the case even at tumor to producer cell ratios as high as 40:1.

Conclusion—The results of the present study show that GDEPT and PDT interact in a
synergistic manner over a range of prodrug concentration and tumor to transfected cell ratios. The
degree of synergy was significant regardless if PDT treatment was given before or after 5-FC
administration. The highest degree of interaction was observed though, when PDT was delivered
prior to prodrug exposure.
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Introduction

Glioblastoma multiforme (GBM, WHO grade V) represents 60% of all malignant brain
tumors but despite the recent technological advances in surgery and radio and chemo
therapy, these procedures have not been able to significantly improve the prognosis of
patients [1-3]. Improved treatment modalities such as gene therapy are therefore being
developed and implemented. One form of gene therapy is gene-directed enzyme prodrug
therapy (GDEPT), also referred to as suicide gene therapy. This involves transfection, into
tumor cells, of non-mammalian genes encoding enzymes that convert nontoxic pro-drugs
into toxic metabolites capable of inhibiting nucleic acid synthesis. GDEPT activating
strategies allow a high concentration of toxic drug to be converted from the prodrug by the
transfected cells at the tumor site, significantly reducing the side effects caused by systemic
administration. Additionally the bystander effect, where activated drug is exported from the
transfected cancer cells into the tumor microenvironment, plays an important role by
inhibiting growth of adjacent non-transfected tumor cells.

GDEPT utilizing the induction of cytosine deaminase (CD), an enzyme which converts the
antifungal agent 5-fluorocytosine (5-FC) into its antimetabolite 5-fluorouracil (5-FU) has
been previously studied both experimentally and in ongoing clinical trials [4-9].

In addition to the CD gene, the uracil phosphoribosyl transferase (UPRT) gene which codes
for the enzyme that converts 5-FU directly to 5-fluorouridine monophosphate (5-FUMP),
has been used in combination in experimental protocols. This bypasses the inefficient
intermediate steps in the conversion of 5-FU to toxic metabolites in mammalian cells,
greatly enhancing the effects of therapy [10-12]. The basic steps in this process are
illustrated in figure 1a.

Although the results obtained so far are promising, one important limitation for GDEPT
though is the inability of the gene to transfect a sufficient number of tumor cells. This in turn
sets a limit to the amount of on-site conversion of prodrug to active drug. Methods to
enhance the efficacy of the locally produced and exported drug would therefore offer a
distinct advantage.

Photodynamic therapy, consisting of photosensitizers plus light irradiation, has the ability to
kill cells directly via the production of reactive oxygen species and has also been shown to
potentiate the efficacy of chemotherapy (13-15). In particular, the photosensitizer,
disulfonated aluminum phthalocyanine (AlIPcS,,) mediated PDT could enhance the effects
of doxorubicin on mice bearing murine leukemia and lymphoma compared to chemotherapy
alone [14]. It was therefore hypothesized that AIPcS,, PDT should be capable of increasing
the efficacy of the compounds 5-FU and 5-FUMP converted from 5-FC by CD/UPRT gene
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transfected glioma cells, thus in effect reducing the number of transfected tumor cells and or
prodrug concentration required for effective therapy.

In the experiments reported here a relatively small subpopulation of an engineered CD/
UPRT gene positive glioma cell line, were incorporated into CD negative rat glioma
spheroids as a simulation of limited gene penetration. The aim of the present research was
designed to evaluate the ability of AlPcS,, PDT to enhance the effectiveness of suicide gene
therapy to inhibit the growth of the hybrid multicell 3 dimensional glioma spheroids. The
importance of the sequences, PDT before and PDT after 5-FC administration, were both
examined in this study.

Materials & Methods

Cell lines

The rat glioma line F98 was obtained from the American Type Culture Collection
(Manassas, VA, USA) and was maintained in Dulbecco’s Modified Eagle Medium (DMEM)
with high glucose (Life Technologies Corp., Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum (FBS), 25 mM HEPES buffer (pH 7.4), penicillin (100 U ml-1) and
streptomycin (100 pug ml-1) at 37°C and 5% COs».

Generation of stable CD/UPRT gene positive cell lines

Generation of a stable F98¢d cell line, expressing both the cytosine deaminase (CD) and
uracil phosphoribosyl transferase (UPRT) genes has been described in detail previously [16].
Briefly, F98 cells were initially transfected with a plasmid consisting of the fusion plasmid
pSELECT-zeo-Fcy::fur, (InvivoGen, San Diego, California) and the jetPEI carrier (Polyplus-
transfection, Strasbourg France) following the manufacture’s protocols. Confirmation of the
CD gene was done by fluorescent antibody staining and sensitivity to 5-FC. 100% of the
F98CD1 cell line has been shown to express the gene and the gene product.

Production of active supernatants from 5-FC by F98CP1 cells—Monolayers of
F98CD1 were grown to near confluence in T-42 flasks. 5-FC at a concentration of 12ug/ml
was added to monolayers and four hours later the supernatant was harvested.

Spheroid generation—F98 or F98/F98CP hybrid spheroids were formed by a
modification of the centrifugation method [17]. Briefly, either 4x103 F98 glioma cells or
F98 and a variable number of F98CP1 cells (hybrid spheroids) in 200 pl of culture medium
were alloquated into the wells of ultra-low attachment surface 96-well round-bottomed
plates (Corning In., NY). The plates were centrifuged at 2000rpm for 30 minutes.
Immediately following centrifugation the tumor cells formed into a disk shape. The plates
were maintained at 37°C in a 5 % CO, incubator for 24 h to allow them to take on the usual
3-dimensional spheroid form.

PDT enhanced toxicity of 5-FU or active supernatants on F98 spheroids—
Twenty four hrs. after spheroid generation 0.5ug/ml of the photosensitizer disulfonated
aluminum phthalocyanine (AIPcS,, Frontier Scientific, Inc., Logan, UT) was added and 18
hrs. later the spheroids were washed 4 times and 5-FU as pure drug or active supernatant at
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increasing concentrations was added in fresh medium. Four hrs. after 5-FU or supernatant
was added, light treatment from a diode laser (Intense; New Jersey USA) at an irradiance of
2.0 mW/cm?2 was administered for 7.0 min (0.8J/cm? , A= 670 nm). Control cultures
received no drug (PDT control) or drug but no illumination (drug only control). Following
light treatment the plates were returned to the incubator. Typically, 8-16 spheroids were
followed for each category in 3 individual trials for up to 14 days of incubation. Culture
medium in the wells was exchanged every third day. Determination of spheroid growth was
carried out by averaging two measured perpendicular diameters of each spheroid using a
microscope with a calibrated eyepiece micrometer and their volume calculated assuming a
perfect sphere.

Effects of 5-FC-GDEPT and PDT on hybrid spheroids—The basic experimental
protocol is shown in fig 1b. Light treatment was administered either after or before prodrug
addition to the spheroid cultures. Hybrid spheroids were formed as previously described.
Twenty four hours after spheroid generation, 0.5ug/ml AIPcS;; ) was added and 18 hrs. later
the spheroids were washed 4 times. For the PDT after protocol, immediately following the
wash, 5-FC at increasing concentrations was then added in fresh medium. Four hours after
5-FC was added light treatment at an irradiance of 2 mW/cm? was administered for 7.0 min
(0.8J/cm2 A= 670 nm). For the PDT before protocol, following the wash the spheroids were
incubated for 4 hours in pure culture medium. Light treatment was administered as
described previously. Immediately following the light exposure 5-FC at increasing
concentrations was then added in fresh medium. Dark controls received both AlIPcS,, and 5-
FC but no light exposure. No further wash of the spheroids was done so the 5-FC remained
in the culture medium. Following light treatment the plates were returned to the incubator.
Typically, 8-16 spheroids were followed for each sequence category in 3 individual trials for
up to 14 days of post treatment incubation.

Live/dead assay—Two weeks after 5-FC, PDT or 5-FC+ PDT treatment, 2—3 spheroids
from the various experimental and control groups were transferred to glass bottomed
imaging dishes, stained using a combination of Hoechst 33342 and Ethidium Homodimer 1
(Invitrogen H1399, Carlshad, CA) for 1 h, washed and visualized using a two photon
inverted Zeiss laser-scanning fluorescent microscope (LSM 410, Carl Zeiss, Jena, Germany).
Fluorescent images were pseudo-colored blue (live) and red (dead).

Statistical analysis—All data was analyzed and graphed using Microsoft Excel. The
arithmetic mean and standard error were used throughout to calculate averages and errors.
Experimental data were analyzed using one-way ANalysis Of VAriance (ANOVA) at the
significance level of P < 0.05 and presented as mean with standard error unless otherwise
noted. In order to determine the degree of synergism between the toxic effects of PDT and
the CD GDEPT produced chemo-agents the following equation was used (equation 1).

VPDT % VS—FC

=T 5—FC+PDT
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The numerator includes the product of the final spheroid volume (V) of the individual
treatments separately compared to non-treated controls while the denominator includes the
final spheroid volume compared to controls of the combined treatments. A value of a =1
indicates an additive effect. A value of a <1 or a > 1 indicates an antagonistic or synergistic
effect, respectively.

Inhibitory effects of combined PDT and 5-FU or F98€P produced supernatants on F98

spheroids

The ability of PDT to enhance the effecacy of 5-FU as measured by the growth inhibition of
F98 spheroids is shown in fig 2a. Significant inhibition of PDT treated spheroids compared
to drug alone was seen for 5-FU concentrations of 0.12 and 0.24ug/ml. A clear synergistic
effect of PDT, with a values for these 2 drug concentrations of 1.6 and 3.1 respectivly, could
be demonstrated.

Similar PDT spheroid experiments were performed emloying the F98P1 supernatants (as
described above) and harvested after 4 hrs of incubation with 5-FC. The results are shown in
fig 2b. The supernatants were diluted with medium at a ratio of 1:8 to 1:32. The drug
containing supernantants were inhibitory for spheroid growth at the lower dilutions. The
spheroid growth inhibition was significantly enhanced by PDT, as shown in the figure for the
3 dilutions tested. a values 1.7 and 3.7 for dilutions of 1:32 or 1:8 resectivly. This clearly
showed a synergistic response compared to drug or PDT applied seperatly. Surprisingly,
F98CD1 cells exposed once to 5-FC, from which the supernatants were harvested, were
capable of producing drug following a second 5-FC incubation, indicating that the cells were
not dead but proved incapable of dividing. (data not shown).

Bystander effect of prodrug concentration and number of transfected F98CP cells

In order to explore the suboptimal prodrug concentration and number of transfected cells to
be used in the subsequent combined treatment protocols, hybrid spheroid experiments were
performed where both of these parameters were titrated. 5-FC concentrations of 0.1, 0.2 and
0.4 pg/ml and F98:F98CD ratios of 10:1-40:1 were tested. The kinetics of spheroid growth
during a 14 day period is shown in figure 3. At a 5-FC concentration of 0.1ug/ml no
significant growth inhibition was demonstrated at day 14. On the other hand, 5-FC
concentration of 0.4pg/ml gave significant effects even in the absence of light treatment.
Based on these results a F98:F98CP ratio of 10:1 was used for the prodrug titration and a 5-
FC concentration of 0.2ug/ml was used for the producer cell titration in the subsequent
combined treatment experiments.

PDT mediated 5-FC effects on F98/F98CP hybrid spheroid growth

To ascertain the effects of the various treatment parameters on the growth and development
of the hybrid spheroids following treatment, experiments were performed consisting of 4
groups: 1) no treatment controls. 2) PDT controls, 3) 5-FC, at various concentrations of drug
or number of F98CP cells with no light treatment 4) 5-FC, at various concentrations of drug
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or number of F98CP cells + light treatment for both the light after and light before protocol
sequences.

Effects of 5-FC concentration—A cell ratio of F98:F98CP1 of 10:1 (i.e. 10% of
transfected F98CPcells of the total cells at spheroid initiation) was used in these
experiments. Figure 4a shows the average spheroid volume as a % of controls measured
after a two week growth period for the sequence of PDT after drug addition. 5-FC
concentrations of 0.05-0.5 pug/ml were examined. Three identical experiments were
performed with 16 spheroids in each group per experiment. As seen in the figure, PDT
significantly increased the efficacy of 5-FC at all prodrug concentrations examined (Fig. 4a).
Figure 4b shows the results of the PDT before drug sequence. Although the effects of the
two light-drug sequences demonstrated a synergistic effect, the light before sequence
appeared to be more effective. The corresponding a values derived from experiments over a
5-FC concentration range of 0.025-0.2ug/ml are shown in table 1. a values greater than 1,
indicating a synergistic response, were obtained for all the 5-FC concentrations, with the
exception for the lowest value (0.025 pug/ml) tested for the light after sequence. At 5-FC
concentrations greater than 1ug/ml or irradiance light levels greater than 1.5J/cm?,
administered as single treatment, the growth inhibition was so pronounced that the
additional effects of combined treatment were negligible (data not shown).

Effects of ratio of transfected to non-transfected tumor cells—Besides the
importance of the prodrug concentration available (as shown in fig 4) the number of
transfected to non-transfected tumor cells is a critical factor. Experiments were therefore
performed employing hybrid spheroids formed from 4x103 F98 cells in combination with a
variable number of F98CP ranging from 50 to 400 CD/UPRT positive cells corresponding to
a transfected subpopulation of 2.5-10%. A 5-FC concentration of 0.2ug/ml was used in all
experiments. As seen in figure 5a for PDT after drug and fig 5b for PDT before sequences
respectivly, significant growth inhibition was apparent even at a tumor to producer cell ratio
of 40:1. The corresponding a values derived from the data shown in fig 5 are given in table
2. a values greater than 1 indicating a synergistic response were obtained for all ratios
tested.

Two-photon fluorescence microscopy

Hybrid spheroids formed with a F98:F98CP ratio, were treated with 5-FC (0.1 pg/ml),and
PDT treatment (light after sequence) 0.7J/cm? at A= 670nm. Sample spheroids were stained
14 days after treatment. The results of live/dead assays employing two-photon fluorescence
images demonstrated enhanced toxicity of PDT + 5-FC combined treatment compared to 5-
FC or PDT applied as single treatments (Figure 6). As seen in the figure few red (dead) cells
were evident in the PDT or 5-FC prodrug exposure as single treatment. In contrast the
spheroids receiving PDT+5-FC demonstrated a majority of dead cells and the spheroids had
displayed little growth during the 14 day incubation period.
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Discussion

Among the most studied GDEPT approaches, activation of ganciclovir (GCV) by herpes
simplex virus thymidine kinase (HSV-TK) and activation of 5-FC by the CD gene have been
and are now presently being tested in clinical trials for glioma treatment [8, 18]. For
treatment of brain tumors it is important that the pro-drug can pass the blood brain barrier. 5-
FC is a small molecule and due to its relatively low protein binding it readily penetrates into
cerebrospinal fluid (CSF). CSF concentrations of 5-FC have been shown to obtain about
75% of serum concentration [19]. 5-FC has been used routinely for many years as treatment
for fungal infection in the brain [20, 21]. PDT has also been evaluated in clinical trials for
GBM although success has been limited [22-24].

The primary objective of this study was to evaluate the synergistic potential of combining
PDT and CD- GDEPT. The results of the experiments reported here could clearly
demonstrate that this was the case and that the effects of combined therapy were not simply
additive (Table 1 and 2). An important observation, as shown in figure 5, was that the
addition of PDT to CD-GDPDT greatly reduced the number of transfected tumor cells
required for significant growth reduction to take place compared to CD-GDPDT alone. This
pronounced effect was probably due to the existence of the UPRT gene as well as the CD
gene in the transfected cells.

The two modalities PDT and CD- GDEPT Kill cells by two distinctly different mechanisms.
The basis mechanism for GDEPT toxicity is that the CD enzyme converts 5-FC to 5-FU and
the UPRT enzyme converts 5-FU to 5-FUMP in the transfected cells. Both 5-FU and 5-
FUMP are relatively small molecules and diffuse out of the transfected cells and are taken
up by the surrounding bystander tumor cells. As illustrated in figure 1a, 5-FUMP will be
taken up by the non-transfected bystander tumor cells and the metabolites, (5-fluoro-2’-
deoxyuridine 5’-monophosphate [5-FdUMP] and 5-fluorouridine 5’-triphosphate) will be
produced. These two toxic metabolites damage both DNA and RNA, respectively. 5-FUTP
can be incorporated into RNA inhibiting transcription, whereas 5-FAUMP prevents DNA
synthesis by irreversibly inhibiting thymidylate synthase. [ 25].

PDT on the other hand, especially following the protocols as were used in our experiments,
are known to cause partial damage to lysosomes. This causes the release of hydrolases
inducing apoptotic cell death [26-28]. In addition, low level PDT targeted towards
intracellular organelles (endo-lysosomes) can activate autophagic process resulting in
autophagic cell death [29, 30]. In the experiments described here the PDT effect was
targeted towards intracellular organelles by removing excess photosensitizer from the
medium via multiple wash cycles and allowing the spheroids to “soak” in pure medium for 4
hours before light treatment (fig 1b). This allowed the photosensitizer to leach out of the cell
membrane, while remaining in the membranes of the intracellular endosomes and
lysosomes.

Since these two distinct cytotoxic pathways are more or less independent of each other it
might be that this is this mechanism that underlies the synergistic effect demonstrated in
table 1 and 2. As is indicated in figure 4, the growth inhibitory effects of combined PDT and

Photodiagnosis Photodyn Ther. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Christie et al.

Page 8

CD-GDEPT were also pronounced for the PDT before 5-FC sequence, indicating that PDT
sensitized the tumor cell to the toxic metabolites converted from the prodrug. Similar effects
were observed following brief exposure of CD positive tumor cells to 5-FC followed by
ionizing radiation (equivalent to a “radiation after” sequence) [31]. These authors could
demonstrate an enhanced effect of radiation both in vitro and in vivo, which they attributed
to a sensitization to radiation by CD-GDEPT. Clearly, additional studies are required to
explain in detail the mechanism of the observed synergistic effects of combined treatment
protocols with CD-GDEPT.

A modified form of PDT, photochemical internalization (PCI) has been shown to greatly
enhance gene insertion efficiency for both viral as well as nonviral gene transfection
protocols [16, 32, 33]. Due to the rapid attenuation of light in tissue this enhanced
transfection efficiency would be limited to the illuminated targeted tumor site, thus avoiding
transfection of off target normal tissue. The physical site specificity of PDT would also
apply to the increased drug efficacy converted by the transfected cells. Thus the light based
therapies, PCI and PDT, can be used to both increase gene transfection efficiency as well as
the efficacy of the compounds converted by GDEPT in a site and time specific manner.

Conclusion

The results of the present study show that GDEPT and PDT interact synergistically over a
range of prodrug concentration and tumor to transfected cell ratios. The degree of interaction
was significant for both of the sequences of drug and light treatment. The highest degree of
interaction was observed though when PDT was delivered prior to prodrug exposure.
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Highlights

. A method is proposed to enhance the efficacy of suicide gene therapy for
cancer.

. The therapy involves the enzymatic conversion of a non-toxic drug to a toxic
one.

. PDT has been demonstrated to further increase the toxicity of the converted
drug.

. Enhancement occurs for PDT treatment either before or after cell drug
exposure.
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Fig. 1. Conversion of prodrug to toxic metabolites via co-expression of CD and UPRT genes
within the F98CP producer cell

a. The cytosine deaminase (CD) enzyme catalyzes conversion of 5-fluorocytosine (5FC) to
-5-fluorouracil (5-FU) and the uracil phosphoribosyl transferase (UPRT) enzyme directly
converts 5-FU to 5-fluorouridine monophosphate (5-FUMP), bypassing the inefficient
intermediate steps in the conversion of 5-FU to toxic metabolites in mammalian cells. 5-
FUMP is then converted to the toxic metabolites 5-flurodeoxyuracilmonophosphate (5-
FAUMP) and flurouracil-triphosphate (5-FUTP) resulting in a pronounced growth inhibitory
bystander effect.

b. The basic experimental protocol. F98 (blue) and F98CP red cells are combined in vitro
Following centrifugation and 24 hr. incubation hybrid glioma spheroids form. 18 hr.
incubation with photosensitizer AlPcS2a Wash removal of photosensitizer PDT after;
prodrug 5-FC added for 4 hrs. ; PDT before spheroids soak 4 hours PDT treatment, 5-FC
added. Dark controls received no light Spheroid growth observed after 14 days of additional
culture.

SFdUMP SFUTP ‘
8 « —aRE e b

IAANT
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Fig. 2. Inhibitory effects of PCI with 5-FU or CD/UPRT produced drug
a. Spheroids incubated withl ug/ml AIPcS,, for 18 h. Spheroids incubated with increasing

concentrations of 5-FU. Light treatment (PCI) 0.8J/cm?2, A= 670nm. b F98 spheroids
incubated together with photosensitizer and decreasing concentrations of active supernatants
derived from 5-FC-F98CP1 co cultures (M&M). Light treatment as in a. Each data point
represents spheroid volume after 2 weeks in culture as a % of untreated controls and the
mean of 3 experiments. Error bars denote standard errors. Asterisks (*) denote significant
differences (p<0.05) compared to control value.
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Fig. 3. Effect of prodrug concentration and number of transfected F98CP cells on spheroid
growth; bystander effect

Hybrid F98:F98CP spheroids with constant number of F98 cells (4x103) and increasing
number of prodrug converting F98CP cells (100, 200,400) incubated with a) 5-FC 0.1 pg/ml,
b) 5-FC 0.2 ug/ml, c) 5-FC 0.4 pug/ml. The growth kinetics, calculated at 2, 7 and 14 days of
incubation as a % of control values at day 14 are shown. Mean of 3 experiments, error bars
denote standard errors. Asterisks (*) denote significant differences (p<0.05) compared to
control value.
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Fig. 4. Effects of prodrug 5-FC concentration and PDT on hybrid spheroids growth
a Hybrid F98:F98CP spheroids (ratio of F98:F98CP = 4x103: 4x102 ) incubated together

with AlPcS2a for 18 hrs. The spheroids were treated with increasing concentrations of 5-FC
as indicated on the figure. PDT (0.8J/cm? , A= 670 nm). was performed after 5-FC was
administered.

b Spheroids treated as in a but PDT was performed before 5-FC administration.
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Figure 5. Effects of increasing the subpopulation of F98CP cells on hybrid spheroids growth
a Hybrid F98:F98CP spheroids with constant number of F98 cells (4x10%) and increasing

number of prodrug converting F98CP cells as shown on the figure, incubated with 5-FC (0.2
ug/ml) with and without PDT. PDT was performed after 5-FC was administered. b PDT was
performed before 5_FC was administered.

Light treatment in both cases was performed with 0.8J/cm?2, A= 670nm. Each data point
represents spheroid volume after 2 weeks in culture as a % of controls at day 14. Mean of 3
experiments, error bars denote standard errors. Asterisks (*) denote significant differences
(p<0.05) compared to control value.
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5-FC+PDT

Fig. 6. Live/dead assay of hybrid F98:F98CD spheroids (ratio of F98:F98CD | 10:1)
Two-photon fluorescence microscopy images stained with Hoechst 33342 (blue: live) and

Ethidium Homodimer (red: dead). Spheroid treatment; 5-FC (0.1 pug/ml), PDT treatment
after 5-FC administration, 0.7J/cm2, A= 670nm. Spheroids were stained 14 days after
treatment. Scale bar = Imm.
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Table 1

Synergistic PDT effect with increasing 5-FC concentration.

5.pC# 0.025 | 0.05 [ 0.1 | 0.2

a value* light after 0.96 13 | 14 | 17

a value* light before 1.0 13 | 19| 32

#pg/ml

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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*
a > 1 indicates synergistic response.
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Table 2

Synergistic PDT effect with increasing number of F98SP1 producer cells.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

F98:F98CDP1 ratio 80:1 | 40:1 | 20:1 | 10:1
avalue lightafter™ | 11 | 1.5 | 24 | 21
a value light before | 1.6 24 25 3.2

*
a > 1 indicates synergistic response
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