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ABSTRACT 

Background: The radiosensitizing effect of Photofrin II has been demonstrated in vitro and in animal models, even in 
tumor models known to be highly radioresistant, such as glioblastoma and bladder carcinoma. Radio-adaptive doses 
are also known to lead to an augmented cell or tissue reaction. The aim of this study was to investigate potential syner-
gistic or additive effects when combining the two methods in vitro for an improved therapeutic concept in bladder can-
cer. Material and Methods: RT4 human bladder carcinoma cell line and HCV29 human bladder epithelium cells were 
seeded and incubated with various concentrations of Photofrin II. The cells were additionally irradiated with ionizing 
radiation (0.05 Gy/2 Gy/0.05 Gy + 2 Gy). Cells without Photofrin II incubation and irradiation served as controls. The 
cell survival was evaluated. Results: The survival rate of both cell lines, RT4 and HCV29, did not differ significantly 
when incubated with a non-toxic concentration of Photofrin II and exposed to a pre-irradiation dose of 0.05 Gy prior to 
the 2 Gy radiation fraction, compared to cells exposed to Photofrin II plus a 2 Gy ionizing radiation. Conclusions: The 
combination of both methods did neither demonstrate a synergistic or additive effect nor did it lead to a negative influ-
ence of both modulating factors in an in vitro setting. 
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1. Introduction 

The biological effects of radiation manifest themselves 
both in the irradiated tumor and in the surrounding tissue. 
The selectivity of radiation can be improved by using 1) 
sophisticated computerized dosimetry, e.g. 3D irradiation, 
2) tailor-made irradiation protocols, e.g. high precision 
radiation therapy, or 3) various irradiation sources such 
as electrons, photons, or protons. Another approach to 
optimize the effects on the tumor tissue is based on the 
introduction of a radiation reaction effect, which depends 
on cellular biology (i.e. oxygenation, cell cycle, etc.) and 
which can be modified by chemicals (sensitizers, protec-
tors and chemotherapy) acting as radiosensitizers [1-3]. 
The observations published in the 1950s and 1960s by 
Cohen and Schwartz [4,5] showed that hematoporphyrin 

derivate (HpD), a highly heterogeneous chemical deriva- 
tive of Hp, of which Photofrin II represents a partially 
purified form [6], can act as a radiosensitizer for tumours. 
Several studies in vitro, on murine tumour models, and 
on patients with different tumours and tumour stages 
have demonstrated the in vivo and in vitro efficacy of 
Photofrin II as both a specific and a selective radiosensi-
tizing agent [7-13]. 

The radio-adaptive response is a biopositive effect in-
duced by a low priming dose, which can be observed 
after the application of a higher challenging dose on dif-
ferent tissues. In 1984, the adaptive response was first 
recognized, when Olivieri et al. demonstrated that human 
lymphocytes exposed to low concentrations of radioac-
tive thymidine showed fewer chromosomal aberrations 
caused by a 1.5 Gy challenging dose than those not pre- 
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exposed to irradiation [14]. Several publications have 
studied the effect with different cell lines, different pre- 
irradiation doses, and variable challenging doses [15-18]. 
The exact mechanism of the effect is still unknown. An 
altered gene expression caused by low-dose ionizing ra-
diation has been identified. A radio-adaptive response 
seems to be associated with an up-regulation of DNA 
repair and stress response genes and a down-regulation 
of cell cycle control and apoptosis genes. TP53 (Tumour 
Protein 53) is supposed to play an important role in this 
mechanism [19]. Protein synthesis, metabolism and sig-
nal transduction appear to be involved in the adaptive 
response as well [15]. 

It was previously described by Schwarz et al. that 
normal bladder cells (HCV29) and bladder cancer cells 
(RT4) demonstrated a different reaction to radio-adaptive 
doses. After a pre-irradiation dose of 0.05 Gy, an induced 
radio-resistance was demonstrated in HCV29 cells, while 
RT4 cells showed an augmented radiosensitivity [20]. 
The effect of radio-adaptive doses was also evaluated in 
the HT29 cell line (human colorectal cancer cells) and in 
the GM637 cell line (human fibroblasts). The results 
demonstrated that the application of 0.05 Gy prior to a 2 
Gy fraction enhanced the response of colorectal cancer 
cells, while the response of normal fibroblasts was not 
augmented [21]. 

When combining these two methods considerable syn- 
ergistic or additive effects on tumor cell lines could po-
tentially ensue. 

The aim of our study was therefore to assess the effect 
of a combined application of the radiosensitizer Photofrin 
II and a radio-adaptive dose on RT4 and HCV29 cells.  

2. Material and Methods 

2.1. Chemicals  

Photofrin II was purchased from AXCAN PHARMA 
(Mont-Saint-Hilaire, Canada) as a freeze-dried porfimer. 
It was stored as a stock solution in 5% dextrose solution 
(DeltaSelect, Pfullingen, Germany) at a concentration of 
2.5 mg/ml and kept at –20˚C until use. Storage, dilution 
steps, and the incubation period were performed under 
experimental conditions avoiding the exposure to light. 
The cell proliferation reagent WST-1 was obtained from 
Roche Diagnostics (Mannheim, Germany).  

Chemicals and additives for cell culture were pur-
chased from Gibco Invitrogen (Karlsruhe, Germany) 
unless otherwise specified.  

2.2. Cell-Lines and Cultures 

The human bladder carcinoma cell line RT4, which is 
known to be radioresistant in vivo, and the HCV29 hu-

man bladder epithelium cell line were grown separately 
in RPMI 1640 medium containing Glutamax (LAlanyl- 
L-Glutamine), supplemented with 10% foetal calf serum 
(FCS), 1% sodium pyruvate (100 mM, Sigma-Aldrich), 
and 1% Eagles minimal essential medium with Earl’s 
salts [22,23].  

The cells were maintained in a humidified incubator 
with 5% CO2 at 37˚C. Stock cultures were kept in 80 cm3 
flasks (Nalgene Nunc, Wiesbaden, Germany) and were 
passaged once per week in the exponential growing 
phase, using 0.05% trypsin plus 0.02% EDTA in PBS at 
37˚C, but not more than ten times. 

2.3. Experimental Set Up 

All experiments were performed under protection from 
light. RT4 and HCV29 cells were seeded in 96-well cul-
ture dishes at a density of 500 cells per well and allowed 
to adapt for 24 h. In addition, one 96-well plate (standard 
plate) with an increasing cell number per row (0-63-125- 
250-500-750-1000-1250-1500-2000 cells per well), but 
no further treatment or irradiation, was prepared to moni- 
tor cell growth and to serve as a survival reference. After 
24 h, Photofrin II was added at a final concentration of 
2.5 μg/ml, 5 μg/ml, 7.5 μg/ml or 10 μg/ml to one row of 
each of the four culture dishes. Different concentrations 
were administered to simulate the accumulation in vivo. 
In two rows without radiosensitizer addition, culture me-
dium was added to reach the same final volume per well. 
All experiments were repeated at least 4 times for a 
minimum of 24 single data analyses. 

2.4. Irradiation 

After a Photofrin II incubation period of 24 h, half of the 
plates were irradiated with a dose of 0.05 Gy at a dose 
rate of 0.03 Gy/min (225 kV, 5 mA, 0.35 mm Cu). 4 h 
after pre-irradiation, cells in one plate with and one plate 
without pre-irradiation were further irradiated with 2 Gy 
at a dose rate of 1.0 Gy/min (225 kV, 15 mA, 0.35 mm 
Cu). As a result, four different irradiation groups were 
evaluated: 0 Gy (control), 0.05 Gy, 2 Gy, 0.05 Gy prior 
to 2 Gy. 

The ionizing irradiation was performed using a Muel-
ler RT 250 X-ray device (Table 1). Cells were kept at 
37˚C during the entire irradiation process. The non-irra- 
diated plates underwent the same procedure as irradiated 
cells to simulate the same conditions. 

2.5. Cell Viability Test 

After irradiation, the cells were cultured for 4 days. The 
response of the cells to irradiation was evaluated by de-
termining the survival of the proliferating cells. Possible 
effects of the irradiation and Photofrin II incubation were  
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Table 1. Irradiadion mode. 

Time Plate A Plate B Plate C Plate D 

0 - X - X 

4 - - X X 

Plate A: no radiation (control plate for cell growing); Plate B: pre-irradiation 
dose only; Plate C: main irradiation dose only; Plate D: pre-irradiation and 
main irradiation dose. 

evaluated by a tetrazolium-based colorimetric WST test 
where the number of metabolically active cells was quan- 
tified spectrophotometrically by an ELISA reader (MRX, 
Dynatec Laboratories) at 450 nm. The background of 
each well was measured prior to the addition of the cell 
proliferating reagent WST-1 (final dilution 1:10). After 3 
h incubation, the optical density was measured. Each 
plate, including the control plate was analyzed by using 
the same experimental conditions. In order to verify 
whether the cell growth was still in the exponential phase, 
the standard plate with increasing seeded cell numbers 
was also analyzed.  

2.6. Cell Survival Analysis 

Each combination of irradiation on the plates was exam-
ined in four repeated separate experiments resulting in 24 
single data sets. After debugging of the background, the 
evaluation of the cell survival and a calculation of the 
relative decrease after irradiation were performed. A 
Student t-test with a significance level set at p < 0.05 was 
adapted to evaluate the statistical significance of the re-
sults. 

3. Results 

3.1. RT4 Cells 

Photofrin II-incubated but not irradiated cells showed a 
cytotoxic effect at a Photofrin II concentration of 7.5 
μg/ml (p = 0.0000753) and 10.0 μg/ml (p = 6.0386E–14) 
in comparison with RT4 cells not incubated with Pho-
tofrin II. 

After irradiation of PhotofrinII incubated RT4 cells at 
a concentration of 7.5 mg/ml and 10 µg/ml with a pre- 
irradiation dose of 0.05 Gy, a significantly lower cell 
survival rate was observed. At a Photofrin II dose of 2.5 
µg/ml, the cell survival rate was significantly enhanced, 
while the survival rate tended to decrease at a concentra-
tion of 5 µg/ml. with a radiation dose of 2 Gy led to a 
significant decrease in survival rates for Photofrin II 
doses of 5 µg/ml (p = 0.04947688), 7.5 mg/ml (p = 
0.00000011) and 10 µg/ml (p = 4.65461E–15). 

The experiments performed with a pre-irradiation dose 
of 0.05 Gy prior to the 2 Gy radiation fraction demon-
strated a significant decrease in cell survival as well. The 
cell survival rate was significantly higher for 7.5 µg/ml 
and 10 µg/ml Photofrin II concentrations compared to an 
irradiation at a dose of 2 Gy without Photofrin II incuba-
tion (Figure 1). 

3.2. HCV29 Cells 

Photofrin II incubation led to a significantly toxic effect 
on HCV29 cells at concentrations from 5 mg/ml to 10 
µg/ml. At a concentration of 2.5 µg/ml, no significant 
alteration in the survival rate was observed.  

A 0.05 Gy pre-irradiation did not lead to a significant 
decrease of HCV29 cell survival at a Photofrin II con-
centration of 2.5 µg/ml. The cell survival, however, de-
creased significantly from 5 mg/ml (p = 2.396E–16) to 
10 µg/ml (1.114E–30) after 0.05 Gy. 

After an irradiation with 2 Gy, the cell survival was 
not significantly reduced at a concentration of 2.5 mg/ml. 
A toxic effect was demonstrated at concentrations above 
5 mg/ml. 

The combination of a pre-irradiation with 0.05 Gy 
prior to the 2 Gy and a Photofrin II concentration of 2.5 
µg/ml tended to enhance HCV29 cell survival. Both irra-
diation schemes tended to enhance cell survival after a 
combined pre-irradiation and challenging irradiation at a 
non-toxic Photofrin II concentration; however, the dif-
ferences were not statistically significant (Figure 2). 

4. Discussion 

Former studies have demonstrated Photofrin II to be a 
sensitive and selective radiosensitizer [9-13]. An impor-
tant aspect of Photofrin II is the ability to accumulate in  

 

Figure 1. RT4 cells incubated with various concentrations 
of Photofrin II under the different irradiation schemes. A 
significant difference compared to the control is marked by 

 in the colour of the relevant dose. A significant differ-
ence of 0.05 Gy + 2 Gy compared to the irradiation with 2 
Gy is marked by . 
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Figure 2. HCV29 cells incubated with various concentra-
tions of Photofrin II under the different irradiation schemes. 
A significant deviation compared to the controls is marked 
by a   in the colour of the relevant dose. 

human tumour tissue in vivo. In the in vitro setting, it is 
not possible to achieve this accumulation of Photofrin II; 
however, the effect can be simulated by increasing the 
Photofrin II concentration. 

The results of our study imply that the application of 
Photofrin II at a concentration of 2.5 µg/ml tends to re-
sult in an increase of HCV29 cell survival, while the RT4 
cell survival tends to decrease at a concentration above 5 
µg/ml after irradiation. In an in vivo model the applica-
tion of a small Photofrin II dose may cause a higher ra-
diosensitation targeted in the tumour cells.  

HCV29 cells primed with 0.05 Gy and incubated with 
Photofrin II showed a better survival than non pre-irra- 
diated cells. The application of a radio-adaptive dose 
may be viewed as a form of targeting therapy in oncol-
ogy [24-25]. Radio-adaptive doses of 0.01 Gy to 1.5 Gy 
have been shown to render cells less susceptible to the 
induction of chromosomal aberrations, micronuclei for-
mation, mutations and cell killing [25-28]. Schwarz et al. 
demonstrated the maximum effect of the adaptive re-
sponse on HCV29 cells to occur at a pre-irradiation dose 
of 0.05 Gy [21]. The time frame between the radio- 
adaptive dose and the application of high dose irradiation 
is important. A 4h interval between the application of the 
low and the high dose appears to be most effective [29]. 

Our results regarding the response of RT4 cells to 
Photofrin II are in agreement with previous studies, 
which had demonstrated the radiosensitizing activity of 
Photofrin II on bladder carcinoma and other tumours like 
Lewis sarcoma both in vivo and in vitro models [7,11,20, 
21]. A detailed understanding of the mechanisms in-
volved in tumour radiosensitization by Photofrin II is 
partially hindered by the highly heterogeneous chemical 
composition of this photosensitizer. There are sugges-
tions that Photofrin II reacts with hydroxyl- and O- radi-
cals intracellularly generated by the radiolysis of water 

[12]. Other possible mechanisms involve the inhibition 
of cellular repair processes after ionizing radiation dam-
age. The presence of oxygen enhances the Photofrin II- 
promoted radiation damage involving the formation of 
radical derivates of high reactivity, such as e.g. hydroxy 
radicals [13].  

The radio-adaptive response is a biopositive effect in-
duced by a low priming dose, which can be observed 
after the application of a higher challenging dose on dif-
ferent tissues [14]. The exact mechanism of the effect is 
still unknown. A radio-adaptive response seems to be 
associated with an up-regulation of DNA repair and 
stress response genes and a down-regulation of cell cycle 
control and apoptosis genes. TP53 (Tumour Protein 53) 
is supposed to play an important role in this mechanism 
The effect of the adaptive dose has been described as 
being dependent on the timing in relation to the phase in 
the cell cycle [15,16,21]. The duration of the processes 
induced by the priming dose is about four hours or two to 
three cell cycles; after this period the effect tapers [18,19, 
27,29]. These processes are considered to mainly reflect 
mechanisms of induced repair.  

The combination of Photofrin II and a radioadaptive 
dose could potentially lead to a novel radiotherapeutic 
regimen that enhances the destruction of the tumor while 
simultaneously protecting normal tissues. 

Further studies will be needed to fully comprehend the 
mechanism of Photofrin II, the radio-adaptive response 
and the combination of these two mechanisms. In addi-
tion, potential clinical applications of both modulation 
factors need to be studied. 

5. Conclusions 

In conclusion, our study confirmed a radiosensitizing 
effect of Photofrin II on the human bladder carcinoma 
cells (RT4) and a protective effect induced by a pre-irra- 
diation dose as a radio-adaptive response on human 
bladder epithelium (HCV29).  

While these effects did not interact in a negative way 
in our in vitro model, a significant additive or synergistic 
could not be demonstrated. Considering the fact that 
Photofrin II accumulates in tumour tissue in vivo, a com-
bination of both methods appears to be a feasible concept. 
Further studies will be needed to elucidate whether a 
synergistic or additive effect of these two approaches 
may be present in vivo. 
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