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Here we evaluate the photosensitizer meso-tetraphenyl chlorin disulphonate (TPCS2a) in survival studies of rat glioma cancer
cells in combination with the novel photochemical internalization (PCI) technique. The tested anticancer drugs were Bleomycin
(BLM) and Temozolomide (TMZ). Glioma cells were incubated with TPCS2a (0.2 µg ml−1, 18 h, 37 ◦C) before BLM or TMZ
stimulation (4 h) prior to red light illumination (652 nm, 50 mW cm−2). The cell survival after BLM (0.5 µM)-PCI (40 s light)
quantified using the MTT assay, was reduced about 25 % after 24 h relative to controls, and 31 % after TMZ-PCI. The supple-
menting quantification by clonogenic assays, using BLM (0.1 µM), indicated a long–term cytotoxic effect: the surviving fraction
of clonogenic cells was reduced to 5 % after light exposure (80 s) with PCI, compared to 70 % in the case of PDT. In parallel,
structural and morphological changes within the cells upon light treatment were examined using fluorescence microscopy tech-
niques. The present study demonstrates that PCI of BLM is an effective method for killing of F98 glioma cells, but smaller
effects were observed using TMZ following the “light after” strategy. The results are the basis for further in vivo studies on our
rat glioma cancer model using PDT and PCI.

1 Introduction

Every year at least 18 000 patients are diagnosed in the United
States with the malignant brain tumor glioblastoma multi-
forma (GBM), a cancer arising from glial cells who constitute
the connective tissue of the nervous system1. Despite being a
rare disease GMB is the most common form of primary brain
tumor, and is also the most aggressive one. The diffuse and
infiltrative growth of these cancer cells, as well of their high
resistance to conventional cancer therapies, complicate their
complete elimination2. The overall survival time after diag-
nosis is often less than a year3,4 and there are needs for new
therapeutics strategies that can prolong survival and improve
life quality for this group of patients.

Different to conventional photo-dynamic therapy (PDT)
with light sensitizers that are designed to directly kill cancer
cells, the photochemical internalization (PCI) technology is
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based on accumulation of a sensitizer in endosomal and lyso-
somal membranes5–8. The activation of light is also here pro-
ducing singlet oxygen (1O2)9 however, it produces ruptures of
endocytical membranes resulting in a release of loaded macro-
molecules, such as chemotherapeutics, into the cytosol. Such
site-specific delivery techniques can be used for enhancing
drug delivery using light and have earlier been tested in sev-
eral human and animal cell lines (in vitro)10–12 as well as for
in vivo treatment studies parallel to clinical trials13. In ad-
dition to the development of various drug delivery enhancing
methodology, there is also an ongoing development of new
more traditional PDT agents. New systems based on poly-
mers14,15, nanoparticles16,17 and systems specially designed
to have multiphoton excitation capability18–21, are being de-
veloped. We foresee that the combination of new light activat-
ing molecules along with methods for targeted delivery such
as PCI will result in better clinical applications in the future.

The performance of the novel chlorin photosensitizer
TPCS2a (tetraphenylchlorin disulphonate) with two adjacent
sulphonated groups (also named Amphinex R©: PCI Biotech,
Oslo) is the focus of the present study on rat glioma can-
cer cells (F98). The main objective was to compare effects
of TPCS2a in combination with the two chemotherapeutics
bleomycin (BLM)5–7,22 and temozolomide (TMZ)23 by us-
ing the PCI- in vitro model system. This technique might be
suitable for cancer therapy and TMZ is a chemotherapeutic al-
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Fig. 1 Structural formula of the tested cytoctatica BLM in (a) and TMZ in (b) using the TPCS2a-photochemical internalizartion (PCI)
technology on the rat glioma cell line (F98).The terminal R consist of 4 four different substituents according to Baxter Oncology, GmbH.

ready approved and utilized for GBM treatment in Norway. In
addition, the TPCS2a-stability in glass and plastic tubes were
spectroscopically measured after different intervals at 4 ◦C,
documenting practical information using the novel and effec-
tive TPCS2a-molecules for PCI-PDT. Our results on the cell
model show that a combination of the anticancer drug BLM
together with the PCI technology indicates possible treatment
of gliomas, whereas the results obtained using TMZ under the
identical conditions were not conclusive.

2 Materials and Methods

2.1 Chemicals

Thiazolyl Blue Tetrazolium Bromide powder, 3-(4, 5
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazoliumbromide, was
used for MTT assays (Sigma-Aldrich). A stock solution
(30 mg ml−1) of the amphiphilic chlorin TPCS2a, formulated
with polysorbate 80 (Tween), was kindly provided by PCI
Biotech AS (Lysaker, Norway) and stored at 4 ◦C in a light
protected box. The powder of lyophilized (freeze-dried) BLM
(Baxter Oncology GmbH, Germany) was delivered in small,
sealed bottles, each containing 15 000 international units (IE)
according to the European Pharmacopeia (Ph. Eur.) (or 15 IE
following the United States Pharmacopeial (USP) conven-
tion). TMZ powder (VetranalTM, analytical standard, SKU
76899) was purchased from Sigma-Aldrich in a package size
of 10 mg and dissolved in 1 ml dimethyl sulfoxide (DMSO,
Sigma-Aldrich) covered in aluminium foil and frozen. Other
chemicals were of highest quality commercially available.

2.2 Cell culture

The undifferentiated malignant glioma cell line F98 (No.
CRL-2397TM), ordered from ATCC (American Type Culture
Collection, LGC Standards, UK) and cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) with glucose (4.5 g l−1)
(Cat. No. BE12-604F, Lonza), supplemented with extra
L-glutamine (5 %), fetal bovine serum (FBS, 10 %), peni-
cillin/streptomycin (1 %) and amphotericin B (0.1 %). The
cell line were maintained in a humidified atmosphere of 5 %
CO2, 95 % air at 37 ◦C. The subculturing of cells was per-
formed when confluence reached 80 to 100 %, i.e. about twice
a week.

2.3 Survival studies using the MTT-assay for TPCS2a,
BLM and TMZ treatment

Culture dishes (Corning/Sarstedt, 60 mm×15 mm) were pro-
vided with suspensions (3 ml) containing 0.4 − 0.5 mil-
lion cells each at day 1, whereas the TPCS2a incubation
(0.2 mg ml−1, 18 h) started on day 2.24 About 20 to 50 cell
culture dishes were included in each experiment. The light
treatments were performed at day 3 as described in subsec-
tions 2.4 and 2.5. On day 4 (or 5) the MTT working so-
lution (0.5 mg ml−1, 37 ◦C) was added after removal of old
medium and washing twice (PBS). Further incubation (1 h,
37 ◦C) was obtained before the MTT solutions were discarded
and replaced by isopropanol (2 ml). After shaking (Stuart or-
bital shaker, SSL1, 30 min, 80 RPM) the cell suspensions were
centrifuged (5 min, RCF: 774×g, Eppendorf centrifuge, 5810
R). Supernatants of pink color were diluted with appropriate
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amounts of isopropanol before measuring the absorbance at
595 nm (Shimadzu UV-1700 spectrophotometer).

2.4 PDT experiments – Exposing cancer cells to laser
light

At the end of TPCS2a incubation (0.2 µg ml−1, 18 h) the cells
were initially washed twice in PBS (2 to 3 ml, 37 ◦C) and
the culture dishes provided with pure growth medium (3 ml,
37 ◦C), and incubated for about 5 h. Following incubation,
and while contained in PBS, the dishes were illuminated (0 to
300 s, 652 nm, 50 mW cm−2) with the Quanta System diode
laser. Except during the actual laser treatment, dishes were
covered in aluminium foil for as much of the time as possible.
After exposure to laser light, the PBS was replaced with cul-
ture medium (3 ml, 37 ◦C), and all dishes were incubated for
∼ 24 hours.

2.5 PCI experiments – Incubation with BLM/TMZ, in
addition to laser treatment

In PCI experiments (day 3) the chemotherapeutic solutions
(0 to 1000 ) of BLM or TMZ were added, and the solutions
were properly mixed prior to addition to the cells. As in
the case of the PDT experiment, culture dishes were washed
twice in PBS (2 to 3 ml, 37 ◦C) before incubation with pure or
chemotherapeutics-containing culture medium (3 ml). After
3 to 4 h of incubation (37 ◦C), the F98 cells were exposed to
laser light (0 to 180 s, 652 nm, 50 mW cm−2) from the Quanta
System diode laser (while containing chemotherapeutics so-
lution/pure culture medium). Following another 1 to 2 h of
incubation, dishes were washed once in PBS (2 to 3 ml), pro-
vided with fresh growth medium (3 ml) and incubated further
overnight. At all times, unwanted light exposure was kept to a
minimum by subdued lights and the use of aluminium foil.

2.6 Clonogenic assay

After the illumination procedure as earlier described for PDT
or PCI treatment, the dishes were incubated for 1 to 2 h be-
fore washing (PBS) and cells scraping into 2 ml PBS. From
each dish a homogeneous cell suspension (0.5 ml) was added
to tubes containing PBS (10 ml), and further transfer of 0.5 ml
solution to another PBS-containing (10 ml) tube. Again, the
resulting solution (about 110 cells) was added (0.5 ml) to
new culture dishes with culture medium (3 ml, 37 ◦C). All
dishes were covered in aluminium foil and left in a CO2 in-
cubator (5 % CO2, 37 ◦C) for 13-17 days, before the colonies
were washed (H2O), fixed with glutardialdehyde, 6 % in H2O,
stained with crystal violet (Sigma-Aldrich) and counted man-
ually. For all measurements duplicate plates were used for
each point and the experiments were carried out in duplicates
or triplicates.

2.7 Light exposure using a Quanta System laser

Light exposure was carried out employing a Quanta System
laser (TWI B-650, Solbiate Ololna, Italy). The laser emits
red light (652 nm) with a variable power ranging from 0 to
500 mW. The laser beam was guided through an optical fiber
(550 µm optical fibre: RBLF 550, Holmium), whose tip was
mounted in a vertical distance of 12.3 cm above the bottom
of culture dishes (d = 6 cm) placed directly underneath it. In
this study only one power setting was used giving an approxi-
mately homogeneous irradiance (50 mW cm−2) onto the sam-
ple.

2.8 Preparation and stability of TPCS2a stock solutions

The absorption spectra of TPCS2a solutions of different age,
contained in standard polypropylene tube (15 ml, Cellstar R©,
Greiner Bio-One) and glass (11 ml, Pyrex R©, Corning), were
recorded. Each day from Monday till Friday a specific week,
two TPCS2a solutions (10 ml, 150 µg ml−1) were prepared
from methanol (MeOH, HPLC grade) and TPCS2a stock so-
lution (30 mg ml−1). The mixtures were prepared in the dark,
covered in aluminium foil and left in a fridge (4 ◦C) before the
absorption spectra were recorded (Shimadzu UV-Visible (UV-
1601PC spectrophotometer), using pure MeOH (HPLC grade)
as reference solution. Absorption spectra recorded from four
of the ten TPCS2a solutions (Supplementary information, Fig.
1) showed that no wavelength shifts however, there are mi-
nor differences in the absorbance value. These can be ex-
plained by slightly dissimilar dilution ratios during the ini-
tial making of the solutions or the dilution procedure. The
absorbance spectra have typical maximum absorption band
at 416 nm when dissolved in methanol. Moreover, the Soret
band in the blue wavelength region is split into three distinct
peaks, centered at 369 and 405 nm, besides 416 nm. However,
in the context of PDT and PCI, the well-defined peak situated
around 650 nm is the most as important as it is characteristic
for TPCS2a and related PDT agents25.

In order to confirm that a four days old TPCS2a solution
displayed similar fluorescence characteristics as reported by
Lilletvedt et al.25,26, emission spectra were recorded (Supple-
mentary information, Fig. 2) showing the distinct emission
shown at 652 nm. The time-resolved fluorescence was also
measured using an IBH time-correlated single photon count-
ing spectrometer27 (data not shown) giving a decay time of
(8.58±0.04) ns. This is as expected from porphyrin com-
pounds.28–30

2.9 Fluorescence microscopy imaging

For the fluorescence microscopy 0.5 × 106 F98 cells were
seeded out in Corning /Sarstedt dishes (30× 10 mm) at day
1. After TPCS2a incubation (0.4 µg ml−1, 18 h, day 2) the
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cells were treated with light (180 s) after 3 h in PBS, using
a Quanta system diode laser (652 nm, 50 mW cm−2) at day 3,
as described in subsection 2.4. The fluorescence microscopy
was examined 1.5 h after illumination, by using an inverted
microscope (Nikon Eclipse TE2000-S, Nikon Corp., Japan)
equipped with a metal-halide light source (X-cite 120, Lumen
Dynamics, Canada) and a filter cube with a 425DF45 exciter,
475DCLP dichroic mirror and 660DF50 emitter (all Omega
Optical Inc., USA). Fluorescent images were captured with a
Peltier cooled CCD camera (DS-5Mc with DSU2 Controller,
Nikon Corp., Japan) operated from a PC running NiS Ele-
ments F ver. 2.33 (Nikon Corp., Japan) using a 60× ELWD
Plan Fluor 0.70 NA objective (Nikon Corp., Japan).
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Fig. 2 Effects of photochemical treatment using TPCS2a on cell
survival of F98 rat glioma cancer cells as a function of light dose.
The cells were treated for 18 h with TPCS2a (0.2 µg ml−1) and
illuminated (in PBS) with different doses of red light (652 nm,
50 mW cm−2) as described in section 2. Cell viability was measured
by MTT 24 h post illumination. Data are presented as mean value
and error bars ±SD of duplicates or triplicates, and this figure
represent one of totally four independent experiments. The scale
between zero and one on the y-axis is linear.

3 Results

3.1 Cell survival after light treatment

When using PCI in the treatment of cancer, choosing appro-
priate light conditions is essential. Consequently, studies of
the effect of photochemical treatment alone were performed
with glioma F98 cells. The cytotoxicity of the photosensi-
tizer TPCS2a together with red light illumination was found to
be increasing with larger doses of light until completely cell
death after about 120 s and light (Fig. 2). This was also docu-
mented by light microscopy using the example of lethal doses

of LD50 and LD100 in Supplementary information, Fig. 3. The
fluorescence microscopy of TPCS2a enriched F98 glioma cells
verified the accumulation of photosensitizer in the cytoplasm
after 180 s exposure to red light, as shown in the high magnifi-
cation image in Fig. 3. More examples with light and fluores-
cence microscopy are shown in the supplementary materials
section, Figs. 4 and 5.

Fig. 3 Subcellular localization of TPCS2a in F98 glioma cells after
incubation of TPCS2a (0.4 µg ml−1, 18 h) and exposure (180 s) to
red light. Scale bar is 50 µm. The cells were examined using an
inverted microscope (Nikon Eclipse TE2000-S. Nikon Corp, Japan)
1.5 h post illumination as described in Material and Methods
(section 2.9).

3.2 Cell survival after BLM and TMZ treatment

To be able to spot a potential increase in the biological activity
of BLM due to photochemical internalization, the response of
cells to either of the treatment strategies (i.e. the separate PDT
and chemotherapeutic regimens), was determined. The via-
bility of F98 cells following incubation with BLM and TMZ
alone is displayed in Fig. 4. Each datapoint in this plot rep-
resents the average metabolic activity measured in 1-3 dishes
from each of two similar independent experiments. According
to the results, quite high doses of BLM are needed to cause
a marked decrease in cellular viability. As much as 65 % of
the cells were found to be functioning after a dose of 200 µM,
whereas the fraction was reduced to about 25 % by a 1000 µM
solution. The LD50 dose appears to be close to 500 µM. For
TMZ the effect was smaller. The cell viability decreased only
by about 40 % by using a 1000 µM solution.
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Fig. 4 Viability of rat glioma cells (F98), post 24 h illumination, as
a function of bleomycin (BLM) and temozolomide (TMZ)
concentration (0 to 1000 µM). The cells were incubated as described
in Material and Methods using the MTT assay. The curves are
normalized to 100 % viability for cells incubated in drug-free
medium, and error bars are ± SD of the average viability measured
in dishes included in two independent experiments.

3.3 BLM- and TMZ-based photochemical internaliza-
tion

In order to investigate to what extent PCI can enhance the cy-
totoxic effects of BLM and TMZ, the cytotoxicity induced by
different doses (0 to 1000 µM) of these compounds was in-
vestigated under various conditions of PDT. The cells were
incubated with the PDT agent before adding BLM and TMZ,
and the results are shown in Fig. 5a and 6a, respectively.
In the (b)-panels the same data are normalized to the cell via-
bility in the absence of BLM and TMZ, respectively, in order
to see the contribution from the chemotherapeutic effect. The
PCI effects alone can more clearly be seen for the longest il-
lumination times in Fig. 5b, Fig. 6b and Fig. 8. The cytotoxic
effects of BLM and TMZ have been normalized to 100 % for
0 µM BLM and 0 µM for TMZ, each of the illumination times.
The histograms shown in Fig. 7 present BLM concentration
required to reduce the cell viability by 50 % (LD50) of normal-
ized cell survival data from three BLM-PCI experiments. The
presence of BLM seems to have minimal influence on the vi-
ability for doses up to around 50 µM. This was also indicated
in data from the same experiment displayed as a function of
light exposure instead of BLM concentration.

Conclusively, there are no or minor changes in cell viability
for TMZ, but for BLM there are appreciable effects at con-
centration above approx. 100 µM. For this compound, the ef-
fect of illumination time is not critical up to approx. 80 s (see
Fig. 8). The results indicate that the PCI technology can syn-
ergistically increase the cytotoxic effect of BLM in the F98 rat

glioma cancer cells.

3.4 Clonogenic assay after PDT and BLM- and TMZ-
based PCI

Long-term cytotoxic effects caused by an in vitro treatment
strategy require a long-term sensitivity assay to be fully de-
tected. Accordingly, clonogenic analyses replaced the MTT
assay in some of the PCI experiments with BLM and TMZ
(Fig. 8).
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Fig. 7 Histogram presenting BLM concentration (µM) ±SEM at
LD50 on normalized cell survival data from BLM-PCI experiments
(n = 3) on F98 glioma cells. The cells were treated as explained in
Fig. 5b and in Material and Methods, section 2 .

The PCI effects clearly displays lower relative clonal sur-
vival than the PDT effects for light doses exceeding 2.0 J cm−2

(40 s), using a BLM concentration as low as 0.1 µM. Whereas
the surviving fraction of clonogenic cells was reduced to 5 %
after 80 s of red light (652 nm) with PCI, nearly 70 % of
clonogenic cells seemed to be viable after the same illumi-
nation time in the case of PDT. This difference in response
is completely absent in the MTT-survival studies. However,
treatment with BLM exclusively also appears to have larger
impact on clonogenic cell survival than the level of energy
metabolism in cells 24 h post treatment. As shown in a pre-
vious section, incubation with 0.1 µM BLM reduces viability
with about 5 %, compared to the reduction of ∼ 30 % present
in Fig. 4

The viability detected in F98 cells indicated that the sensi-
tivity of F98 cells to TMZ alone (0 to 50 µM) is minimal. At
higher TMZ concentration (1000 µM), the viable fraction of
glioma cells remained close to 80 %, see Fig. 4. The cell clonal
survival after illumination with red light 180 s (9 J cm−2), re-
sults in only 9 % survival for TPCS2a- and TMZ-PCI treat-
ment.
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Fig. 5 TPCS2a-PCI of bleomycin in F98 cells as function of red light exposure using different concentrations of bleomycin . Cells were
incubated with TPCS2a (0.2 µg ml−1, 18 h) before bleomycin incubation (0 to 1000 µM, 4 h) and illumination (652 nm, 50 mW cm−2) from 0
to 180 s. Cell viability was assessed by the MTT assay 24 h post illumination, as described in Material and Methods. In (b) the values are
normalized to 100 % for 0 µM bleomycin for each of the illumination times. Data for one of three representative experiments are shown and
the statistics is summarized in Fig. 7.
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Fig. 6 TPCS2a-PCI of temozolomide in F98 cells as function of red light exposure using different concentrations of temozolomide (a). Cells
were incubated with TPCS2a (0.2 µg ml−1, 18 h) before temozolomide incubation (0 to 1000 µM, 4 h) and illumination (652 nm, 50 mW cm−2)
from 0 to 180 s. Cell viability was assessed by the MTT assay 24 h post illumination, as described in Material and Methods. In (b) the values
are normalized to 100 % for 0 µM temozolomide for each of the illumination times, except of 180 s since essentially complete cell death was
achieved at the tested concentrations. Data for one of three representative experiments are shown.
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Fig. 8 Survival of clonogenic rat glioma cells (F98) as a function of light exposure (0 to 180 s at 652 nm, 50 mW cm−2) after incubation with
BLM (0.1 µM, 4 h) or TPCS2a (0.2 µg ml−1 alone or in combination, shown in (a). Effects of treatment with TMZ (0.5 µM, 4 h) or
TPCS2a(0.2 µg ml−1, 18 h) alone or in combination were shown in (b).Control cells were treated with light alone. Data are presented as mean
value ±SD of duplicates or triplicates, and this figure represent one of totally three independent experiments.

4 Discussion

The main objective of this study was to evaluate the response
of glioma cells in vitro to the anticancer drugs BLM and TMZ
in combination with light activation of the amphilic plasma
membrane localizing photosensitizer TPCS2a. A common fea-
ture among the majority of experiments performed in vitro is
their ultimate goal of contributing to improved clinical prac-
tice in the future. In this respect, the F98 cell line appeared
suitable, and it is appropriate for use in both in vitro and in
vivo studies of a rat brain tumor and possesses biological char-
acteristics closely resembling those of human glioblastoma31.

The localized nature of PDT and PCI is partly a result of the
selective accumulation of photosensitizers in cancerous tissue
and the mechanisms involved in this high tumor-to-normal tis-
sue distribution ratio are not fully understood32. Physiologi-
cal properties of the tumor tissue itself seem to play important
roles in accordance with in vivo studies on rat bladder cancer
cells, presenting enriched fluorescence using an orthotopic rat
bladder cancer model after intravesical instillation of the same
photosensitizer33.

Despite the fact that TMZ is a small and lipophilic molecule
(Fig. 1), likely to penetrate the plasma membrane by passive
diffusion34, the viability detected in F98 cells, seems to be
minimally attentuated even at high concentrations as shown in
Fig. 4. The glioma F98 cells did not seem particularly sensi-
tive to any of these drugs in separate, and in the absence of
TPCS2a, metabolic activity of drug-exposed cells was not in-

fluenced by increasing doses as revealed by the MTT assay.
Light together with BLM have earlier been expected to give
an additive toxic effect compared to each treatment alone7,
while the TPCS2a-based PCI of TMZ would probably not give
similar effects. This was as expected in the case of TMZ, since
these alkylating agent molecules most likely do not associate
with endosomal compartments, which is due to the fact that
they are not taken into the cell via receptor-mediated endocy-
tosis, but for PCI of BLM synergestic effects are indicated.
But our results demonstrated a synergistic effect after PCI of
BLM with TPCS2aincubated glioma cells (Fig. 7). In addi-
tion, high activity of the DNA repair protein AGT (or MGMT)
confers resistance of F98 cells towards alkylating agents like
TMZ.35 Nevertheless, expression in certain cancer cells of a
repair protein named O-6-methylguanine-DNA methyltrans-
ferase (MGMT), or O-6-alkylguanine-DNA alkyltransferase
(AGT), has been associated with poor therapeutic outcome of
TMZ treatment and moreover, the MGMT/AGT gene is epige-
netically silenced in a number of patients36. With a combina-
tion of radiotherapy and TMZ treatment, survival of patients
with GBM can be significantly prolonged37,38.

BLM is a glycopeptidic antibiotic utilized in chemothera-
peutic regimens against a range of different cancers, including
squamous cell carcinoma of e.g., the head and neck, testicular
cancers and lymphomas5. The compound exerts its cytotoxi-
city by cleaving single- and double-stranded DNA at GC base
pairs and one BLM molecule alone can produce 8-10 DNA
breaks with a cytosolic presence as little as ∼ 400 molecules
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per cell is lethal for about 50 % of cells in vitro39,40. In
other words, BLM has a high intrinsic cytotoxicity. However,
the large hydrophilic structure of BLM (molecular weight of
∼ 1.4 kDa, Fig. 1a) limits its penetration through the plasma
membrane. Receptor-mediated endocytosis is typically re-
quired for the molecule to enter cells. Intracellularly, degrada-
tion by lysosomal hydrolases (prior to potential release from
endolysosomal vesicles), or inactivation by the cytoplasmic
enzyme BLM hydrolase, may prevent the compound from ex-
erting its antitumor effect. Both in vitro and in vivo PCI has
been shown to increase the therapeutic efficacy of BLM5,7,22.

Results from the presented experiments shows the re-
sponse of F98 cells to in vitro TPCS2a-based PDT and PCI
evaluated by means of a metabolic MTT assay using high
cell numbers as explained in subsection 2.3 where the PDT
and PCI experiments involved an utilization of a standard
TPCS2aconcentration (0.2 µg ml−1)41,42. By lowering the
amount of photosensitizer, less steep dose-response relation-
ships may be obtained, causing varying inherent treatment
sensitivity of different cell lines to be spotted more easily.

As shown in Fig. 2, the LD50 was determined to be ap-
proximately 2.5 J cm−2 (50 s) for TPCS2a-based PDT using
0.2 µg ml−1. In contrast, rat bladder cancer cells (AY27) were
shown to require no more than 1.9 J cm−2 of the same laser
light to die with a probability at 50 % (unpublished results,
Gederaas et al.). In similar studies22 it was reported an LD50
dose of 2.2 J cm−2 for F98 cells exposed to PDT using the pho-
tosensitizer aluminium phthalocyanine disulfonate (AlPcS2a)
however, the usage of another illumination protocol (wave-
length and irradiance) excludes direct comparison with their
results.

By using the MTT assay the mitochondrial activity is docu-
mented, and consequently, the term “survival” assay should be
used with caution. Reduced energy metabolism is also shown
by cells temporarily resting, for instance due to cell cycle ar-
rest. Obviously, the MTT assay does not provide information
about the mode of potential cell death, as using fluorochrome
tagging by e.g., AnnexinV Fluos or Propidium iodid for de-
terming apoptotoc versus necrotic cells after PDT as demon-
strated by Ekroll et al.43. The MTT assay is primarily a mea-
sure of acute toxicity, and cytotoxic mechanisms of BLM and
other chemotherapeutics, as well as photodynamic cytotoxic-
ity, need more than 24 hours to cause cancer cell impairment.
However, together with clonogenic assays, the long-time cyto-
toxic effects (13-17 days post PDT) can be used to confirm the
MTT assay. In this study an additional MTT-experiments was
carried out both at 24 and 48 h after illumination, using a fixed
concentration of both BLM (0.5 µM), of TPCS2a (0.2 µg ml−1)
at an illumination of 2.0 J cm−2 for 40 s. The results are sum-
marized in Fig. 6 of supplementary information and as can
be concluded, the PCI treatment causes largest reduction in
viability, secondly after ‘only PDT’ with Amphinex, but the

differences between 24 and 48 h waiting are small or insignif-
icant. Results obtained by Selbo et al. suggested that more
time is required for PCI effects to fully established.44 Accord-
ing to Carmichael et al., the MTT assay is limited to detection
of 90 % cell kill45 and good experience from similar studies
indicates that the absorbance was great enough for these ac-
tual PDT/PCI-protocols by using isopropanol as a solvent in-
stead of DMSO or mineral oil.43,46 Our results of postponing
MTT evaluation from 24 to 48 h between light exposure and
MTT analysis after PCI, suggest that a time duration of 24 h is
acceptable for PCI effects to be revealed, but have to be per-
formed in parallel with clonogen survival (Fig. 8). Our result
(Figure S6) indicates that many PDT-exposed cells are capable
to divide and proliferate despite showing low metabolic activ-
ity on the day after treatment. Moreover, BLM and PCI/PDT
together indicated synergestic responses in the examination of
clonal cell survival.

Chemosensitivity testing of a wide range of chemothera-
peutic agents, on cell lines with vastly differing growth char-
acteristics, has shown the MTT assay to give dose-response re-
lationships comparable to those obtained with clonogenic and
dye exclusion assays45. Nevertheless, some antineoplastics
have been found to interfere with the MTT salt, causing incor-
rect absorbance values to be detected. According to Ulukaya
et al., chemical interactions between MTT and BLM are not
an issue47. TMZ was not included in their study, but four out
of five alkylating agents – including the TMZ analog dacar-
bazine – caused insignificant changes in absorbance. Anyway,
in all experiments performed in the present report, extracel-
lular chemotherapeutic molecules were removed from culture
dishes the day before MTT evaluation, reducing possible inter-
ference between MTT and BLM or TMZ. In this respect, one
should be aware that any washing procedure prior to MTT ad-
dition (or clonogenic analysis) could detach loosely attached
(e.g. mitotic) cells from the culture dish bottoms and result in
an artificial decrease in the number of dish substrates. Con-
sidered as the “gold standard” among sensitivity assays, the
clonogenic assay is associated with more disadvantages than
its long-term nature. A difficulty commonly experienced is
clumping of colonies located close together, potentially caus-
ing too few colonies to be counted. Moreover, only cells that
are actively dividing – and not reversibly non-dividing – are
likely to be detected48.

The mechanisms for producing cellular damage are dif-
ferent for TMZ and BLM, although DNA represents the
target for both compounds. Following oral administration,
TMZ is in physiological solution spontaneously converted to
methyl-triazeno-imidazole-carboxamide (MTIC), which un-
dergoes further conversion and ultimately causes a methyl
group to be transferred to DNA23. Despite the fact that TMZ
is a small and lipophilic molecule (Fig. 1), likely to penetrate
the plasma membrane by passive diffusion34, the viability de-
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tected in F98 cells, seems to be minimal even at high con-
centrations (0 to 1000 µM) as shown in Fig. 4. One of the
reasons for the low toxicity may be due to the ability of F98
glioma cells to alkylate/methylate DNA, because TMZ is a
prodrug and an imidazotetrazine derivative of the alkylating
agent dacarbazine, which has been available as an anti tumor
agent in the US since 199949. A combination of dacarbazine
and BLM using the PCI technology, has previously been stud-
ied by Høgset et al., but without any cytotoxic effects.

Finally, solutions of the amphiphilic photosensitizer
TPCS2awere visually and spectroscopically evaluated, as a
small supplement to PDT and PCI experiments according to
HPLC-analyses within a time window of five days, the ab-
sorbing and fluorescent properties of the solutions seemed not
to be influenced by age or material of storage tube. The pre-
sented study has shown a clear dose-dependent transition from
survival to complete cell death using different light doses on
TPCS2a-enriched F98 cells (Fig. 2). It should be pointed out
that here it has not been focused on whether the cells died by
an apoptotic or necrotic cell death process50. It remains to
elucidate such details by comparing several cell lines known
to respond to the a protocol for PDT- or PCI treatment similar
to the one used here.

5 Conclusion

Photochemical internalization (PCI) is based on photo induced
delivery of chemotherapeutics into the cytosol of tumor cells
to reach their intracellular targets and exert their therapeu-
tic activity, and the present results document that TPCS2a-
mediated PCI has the potential to enhance efficacy of BLM
but not of TMZ in the tested rat glioma F98 cell line. The
in vitro studies show that the cytotoxic effects are enhanced
by TPCS2a-mediated PCI using BLM in F98 cells and that
cell death of TMZ was minimal even at high concentration
(1000 µM). In general, the combination of PDT and BLM, but
not TMZ, require further evaluation in glioma cells, but have
so long given optimizing results for further improvements of
the PCI technology and possible clinical applications.
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Fig. 1 Absorption spectra of TPCS2a in methanol (150 µg ml−1)
recorded immediately after preparation and after 4 days. The
solutions were contained in plastic or glass tubes.
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Fig. 2 Emission spectrum of TPCS2a in methanol for excitation at
403 nm.

Fig. 3 Light microscopy images of glioma F98 cells after TPCS2a
incubation (0.2 µg ml−1, 18 h) and different light exposure (Quanta
System laser (652 nm, 50 mW cm−2). Enlargement 40 times (left
column) and 60 times (right column). Upper panels: Control cells
(no treatment). Middle panels: cells at LD50 dose (50 s of
illumination). Lower panels: LD100 dose (120 s of illumination).
The viability was quantified using the MTT assay as described in
Material and Methods (Fig. 2). Scale bars in top panels are 0.1 mm.
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Fig. 4 Subcellular localization of TPCS2a in F98 glioma cells after TPCS2a incubation (0.4 µg ml−1, 18 h) in a) and after PDT (180 s, 652 nm,
50 mW cm−2) in b) and after BLM-PCI (160 µM BLM, 4 h) in c). The cells were examined on an inverted microscope (Nikon Eclipse
TE2000-S) 1.5 h after illumination as described in Material and Method, section 2, in the main manuscript. No auto fluorescence was detected
neither in control, nor treated cells, as shown in Supplementary Fig. 5a). Scale bar is 50 µm

Fig. 5 F98 glioma cells presented without any treatment shown by fluorescence and light microscopy detecting no auto fluorescence. TPCS2a
treated cells (0.4 µg ml−1, 18 h) prior to TMZ incubation (500 µM, 4 h) and without light were presented in b) and in combination with red
light treatment (180 s, 652 nm, 50 mW cm−2) in c). The cells were examined on an inverted microscope (Nikon Eclipse TE2000-S) 1.5 h after
illumination as described in Material and Method, section 2, in the main manuscript. Scale bars are 50 µm.
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Fig. 6 Viability of rat glioma cells (F98) exposed to different combinations of light from a Quanta System laser diode (40 s, 652 nm,
50 mW cm−2), Amphinex (TPCS2a) 0.2 µg ml−1, 18 h and BLM (0.5 µM, ). Cell viability was measured by using MTT 24 h (blue bars) or 48 h
(red bars) post treatment. Below each pair of bars, the relevant treatment combination is displayed. Error bars are based on two parallel runs.
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Phot-Chemical Internalization and Illumination together with chemotherapeutics gives synergetic 

cell death in F98 glioma cell model. 
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