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ABSTRACT

Photodynamic therapy is an experimental method of cancer treatment
in which a photosensitizer is administered and subsequently the tumor is
irradiated with light. Due to problems of prolonged skin phototoxicity
with hematoporphyrin derivative, new photosensitizers and methods of
localization are being sought. The goal of this study was to compare the
photosensitizer chlorin eÂ«(C c,,) free and bound to 1-^m-diameter micro-

spheres (MS) for phototoxicity, uptake and efflux characteristics, phago
cytosis rates in malignant and benign cells, and effects of NuN,. D.O.
and buthionine sulfoximine on phototoxic efficacy. Incubation of MGH-
II human bladder carcinoma cells with CeÂ«-MS(0.43 IHMCe6-equivalent;
18 h) and subsequent irradiation using an argon laser-pumped dye laser
at a radiant exposure of 20 J/cm2 caused 100% cell death 24 h after

irradiation. In contrast, MGH-U1 cells incubated with free Ce6 (0.43 JIM;

18 h) remained 100% viable 24 h after irradiation at a radiant exposure
of up to 50 J/cm2. The presence of !).â€¢()during irradiation increased the

phototoxicity to MGH-U1 cells, whereas the presence of NaNj decreased
it; these data support an important role for '();. Irradiation of MGH-U1

cells in the presence of the glutathione depleter buthionine sulfoximine
also increased the phototoxicity, demonstrating a role for intracellular
glutathione and possibly free radical intermediates. The cellular uptake
of Ce6 w-as approximately 50 times lower than that of Ce6-MS at

equivalent incubation concentrations. Efflux experiments showed that the
phototoxicity of ( V,,-MS was reduced by 40% for a 5-h washout time as

compared to no washout time. In contrast, for free CeÂ«,the decrease was
95.3% under identical conditions. Because the total intracellular concen
tration of Ce6-MS after an efflux time of 5 h was only slightly changed,

the decreased phototoxicity is attributed to an altered intracellular local
ization. Confocal laser scanning fluorescence microscopy data appear
consistent with this hypothesis although they are not conclusive. The
observed patterns were different at 0 and 5 h. Comparison of the phago
cytosis rates of <i-,,-MS by carcinoma and benign cells showed that on

average 20 MS/cell were phagocytosed by MGH-U1 compared with 2.5

and 8.3 in the benign human fibroblasts and keratinocytes, respectively.
After incubation with CeÂ«-MS(0.1 Â¿IM;18 h) and irradiation at 10 J/cm2

the surviving fraction of MGH-U1 cells was 76.3 Â±0.95% (mean Â±SE)

and 40 Â±3.49% for fibroblasts. In contrast, for keratinocytes the surviv
ing fraction was 93.5 Â± 0.83%. The data demonstrate that Ce6-MS

conjugates efficiently photosensitize carcinoma cells by multiple mecha
nisms and have different cellular pharmacodynamics compared to free
Cet.

INTRODUCTION

The efficacy of chemotherapeutic agents for cancer often is
seriously limited by undesired side effects in normal tissues (1,
2). One approach to circumventing this problem of tumor
selectivity is the use of drug delivery systems, such as liposomes,
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monoclonal antibodies, polymers, low-density lipoproteins, and
MS4 (1-6). In this approach, a toxic drug is bound to a delivery

system that reacts with the target site and releases the drug
locally, with minimal systemic side effects (7). Although the
use of drug delivery systems reduces the problem of systemic
toxicity, it does not eliminate it since all known delivery systems
lack the requisite specificity.

Improved therapeutic tumor selectivity may also be achieved
by PDT, an experimental cancer treatment that consists of
administration of a PS which preferentially localizes in malig
nant tissues. Although the details of the mechanism(s) and
site(s) for this preferential localization remain controversial,
the photochemical mechanism of cytotoxicity is believed to
involve active molecular species such as "O2 and free radicals

(8). The wavelength range between 600 and 900 nm is generally
used, since interference from most endogenous biomolecules is
minimal in this range (9). At present the most frequently used
PS experimentally in the clinic is hematoporphyrin derivative
(8). However, PDT using hematoporphyrin derivative is ham
pered by skin phototoxicity due to its limited selectivity for
tumor tissue; therefore new PS are being sought (10, 11). To
improve efficacy and selectivity further, photosensitizers can be
coupled to delivery systems (12-15). Conjugates of PS to mono
clonal antibodies and liposomes have been studied in vitro and
in vivo (16, 17). The uptake and the phototoxicity of the PS
were enhanced after being bound to these delivery systems as
compared to the uptake and phototoxicity of free PS (17).

In this paper we focus on polystyrene MS as a delivery system,
which have found an increasing range of biomÃ©dicalapplica
tions (18-24). Recently we have reported the synthesis and
phototoxicity of Ce6-MS conjugates in MGH-U1 bladder car
cinoma cells (25). The overall goals of the present study were
to compare the phototoxicity of free versus conjugated Cee and
to clarify the underlying photochemical and cellular mecha
nisms of photodynamic destruction. Carcinoma cells were ir
radiated after incubation with free Ce6 or Ce6-MS in the pres
ence and absence of D2O and NaN3, in order to explore the
mechanistic role of 'O2. The modulation of Ce6 phototoxicity

by use of the radiosensitizer BSO, which reduces the intracel
lular glutathione concentration, was also investigated. In further
experiments the intracellular uptake and retention by carci
noma cells of free versus conjugated Ce6 over different time
periods was measured and correlated with phototoxicity. The
intracellular localization of MS after efflux was studied by
CLSM. Finally, the phagocytosis rates of MS and phototoxicity
in benign and malignant cell lines were compared.

MATERIALS AND METHODS
Cells. All cells were grown at 37Â°Cin a humidified, 95% air, 5% CO2

atmosphere. For experiments, cells from stock culture in exponential

4The abbreviations used are: MS, microspheres; BSO, buthionine sulfoximine;
CeÂ»,chlorin e6; CLSM, confocal laser scanning microscopy; DPBS, Dulbecco's
phosphate-buffered saline; EB, ethidium bromide; FDA, fluorescein diacciate;
PDT. photodynamic therapy; PS, photosensitizer(s); 'O2, singlet oxygen.
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growth were harvested by treatment (for 10 min) with trypsin EDTA
(Gibco) and plated into 3.5- or 10-cm-diameter Petri dishes at appro
priate numbers. Experiments were performed 24 h after plating, when
cells had formed a subconfluent monolayer. MGH-U1 carcinoma cells
(26), a line derived from a human transitional-cell carcinoma, were
grown as a monolayer culture in modified McCoy's 5A medium con

taining 25 HIM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid
buffer (Gibco Laboratories, Life Technologies, Inc., Grand Island, NY)
and supplemented with 5% fetal bovine serum (Gibco). Human foreskin
keratinocytes were grown as monolayer culture on a feeder layer of
mouse 3T3 fibroblasts in Dulbecco's modified Eagle's medium:Ham's

F-12 nutrient mixture (3:1) containing 10% fetal bovine serum (Gibco)

and human epidermal growth factor (10 ng/ml) (Chiron, Inc., Emery
ville, CA). Human foreskin fibroblasts were grown as monolayer culture
in Dulbecco's minimal essential medium (Gibco) with 10% fetal bovine

serum (Gibco) and pencicillin (100,000 units/liter) and streptomycin
(0.1 g/liter; Sigma).

Chemicals. Unless otherwise specified, chemicals were dissolved in
DPBS (Gibco) containing 0.49 MMMgCl2-H2O and 0.9 MMCaCl2, at
pH 7.2. The final concentrations were: D2O, 90%; NaN3, 5 IHM;and
BSO, l mM; Ce6 (Porphyrin Products, Inc., Logan, UT) and Ce6-MS
were stored in the dark at 4Â°Cbefore use. Polystyrene-amino MS with

a diameter of 1 Mmwere purchased from Polysciences, Inc. (Warring-
ton, PA).

Photosensitizer. The synthesis of Ce<,-MSwas as described previously
(25). Briefly, Ce6 was dissolved in 0.1 N NaOH, diluted with DPBS,
neutralized with 0.1 N HC1, and added to ethyldimethyl aminopropyl-
carbon diamide-activated polystyrene MS with a diameter of 1 Mm
(Polysciences, Inc.). The resulting conjugates were washed in 0.1 N
NaOH and DPBS in order to remove the free Gee. Washing was stopped
when no Ce6 absorbance was measurable in the supernatant. The MS
content of the conjugate was determined by counting in a hemocytom-
eter, while the Ce6 content was measured by absorbance spectroscopy.
Absorbance spectra were measured directly in dimethylformamide so
lutions using a diode array spectrophotometer (8451 ; Hewlett-Packard,
Andover, MA). For measurements of Cee-MS suspensions in DPBS
reflectance spectroscopy was used.

Radiation Source. An argon ion laser with an emission of 514.5 nm
(Innova 100; Coherent, Inc., Palo Alto, CA) was used to pump a dye
laser (CR-599; Coherent) containing 4-dicyanomethylene-2-methyl-6-
(p-dimethylamino-styryl)-4H-pyran dye (Exciton, Inc., Dayton, OH).
The resulting emission was tuned to 659 nm, coupled to a 1-mm-
diameter quartz fiber optic, and focused to a 35-mm-diameter spot on
the monolayer. The radiant exposure ranged from 0 to 50 J/cm2.

Radiometry was performed with a thermal diode detector (210 power
meter; Coherent). The irradiance of 42-50 mW/cm2 caused no detect

able heating or thermal damage.
Phototoxicity Assay. MGH-U1 cells were plated at 300,000 cells/35-

mm-diameter Petri dish, incubated with free Ce6 or Ce6-MS (0.43 MM
or equivalent) in the absence or presence of BSO for 18 h, rinsed three
times with McCoy's medium, kept in the dark or irradiated in the

absence or presence of D2O or NaN3, and returned to the incubator.
Twenty-four h later cells were trypsinized, treated with EB and FDA,
and examined by fluorescence microscopy using excitation by 400-490
nm and emission >520 nm as described elsewhere (27). Cells fluorescing
orange (due to EB-DNA intercalation) were considered dead, and cells
fluorescing green (esterase-mediated release of fluorescein) were con
sidered viable (28). Control cells were treated with free Ce6, Ce6-MS,
D2O, NaN3, BSO, or light alone. All experiments were performed a
minimum of three times. For comparison of phototoxicity in malignant
versus benign cells, MGH-U1 cells, fibroblasts, or keratinocytes were
incubated in 35-mm-diameter Petri dishes, incubated with Ce6-MS (0.1
MM)for 18 h, rinsed three times with culture medium, kept in the dark
or irradiated at 659 nm at a radiant exposure of 10 J/cm2, and returned
to the incubator. Twenty-four h later cells were examined for EB/FDA
uptake. Control cells were treated with Ce6-MS or light alone.

Effects of Efflux Time on Phototoxicity. MGH-U1 cells were plated
as described above, incubated with free Ce6 at 4.3 MMor with Ce6-MS
at 0.43 MM-equivalent for 18 h, and either irradiated immediately at 5
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J/cm2 or kept in the dark for 2 or 5 h, rinsed again, and then irradiated
at 5 J/cm2. Twenty-four h after irradiation cell survival was determined

using the EB/FDA assay.
Determination of the Intracellular Uptake and Efflux of ( V,,by Fluo

rescence Measurements. MGH-U 1 cells at 80% confluency in 10-cm-
diameter Petri dishes were incubated with either free or conjugated Ce6
at 0.43 MMor equivalent for 18 h, rinsed three times with McCoy's

medium, trypsinized, and centrifuged at 1000 rpm for 10 min (RT
6000B; Servali Centrifuges, DuPont Corp., Wilmington, DE). The
supernatant was discarded, and the pellet was resuspended in 1.42 x
10~4N NaOH in dimethylformamide to dissolve the miracoli ular Ce6.

After a second centrifugation, the fluorescence of the supernatant was
measured (Fluorolog 2; Spex Industries, Inc., Edison, NJ), using the
fluorescence of MGH-U 1 cells incubated without Ce6 as background.
The concentration of the extracted dye was determined from a calibra
tion curve taken from a standard Cc6 solution.

Determination of Intracellular Localization of MS by CLSM after
Efflux. MGH-U 1cells were incubated in the presence of l-Min-diameter
red fluorescent rhodamine-polystyrene MS (Duke Scientific, Palo Alto,
CA) for 18 h, rinsed three times with culture medium, counterstained
with acrid ino orange (10 Mg/m') for 30 min (29), rinsed, and examined
under a confocal laser scanning microscope (Leica, Deerfield, IL)
immediately and 5 h later. All images were taken with an oil-immersion
objective lens (magnification, x 63; numeric aperture, 1.4). The exci
tation wavelength was 488 nm provided by the attached argon ion laser.
The emission light was separated by a dichroic mirror with a border
wavelength of 510 nm. Fifteen optical sections with a focal distance of
0.71 Mmwere recorded and stored in 256 x 256 pixel frames, covering
a volume of 11 x 79 x 79 Mm.Projections under any angle through this
data set can be calculated and displayed on the computer screen.
Projections different from the conventional top-view projections of
conventional microscopy combined with the superior resolution of
CLSM and virtual on-screen rotation uncover three-dimensional dis
tribution. In order to analyze the three-dimensional distribution of the
red fluorescent microspheres projections under different angles were
observed. Fig. 2 shows two examples of these projections photographed
directly from the computer screen. The projections through the stacked
images are rotated by 24Â°around one axis and by 36Â°around the second

axis, while the third axis is unchanged.
Phagocytosis of Microspheres by Benign and Malignant Cells. Human

foreskin fibroblasts, LG-3 human keratinocytes, and MGH-U 1 human
bladder carcinoma cells were plated into 35-mm-diameter Petri dishes.
At approximately 80% confluency, cells were incubated with MS for
18 h and viewed by phase-contrast microscopy, and different fields were
photographed. The phagocytosed MS in 100 cells were counted, and
the average number of MS per cell was calculated.

RESULTS

Phototoxicity of Free versus Conjugated Ce6. After incubation
of MGH-U 1 cells with Ce6-MS and irradiation at a radiant
exposure of 5 J/cm2, the surviving fraction was 89 Â±5.1%
(mean Â±SE), at 10 J/cm2 it was 68.1 Â±3%, and at 20 J/cm2 it
was 5 Â±0% (calculated for 10 J/cm2; P < 0.001). In contrast,
MGH-U 1 cells incubated with free Ce6 showed no decrease in
survival even at a radiant exposure of up to 50 J/cm2 (Fig. 1).
Similarly, control MGH-U 1 cells treated with free Ce6, Ce6-
MS, or light alone were unaffected.

Phototoxicity of Free versus Conjugated Ce6 in the Presence
of D2O. The surviving fraction of cells incubated with Ce6-MS
and irradiated at a radiant exposure of 10 J/cm2 in the absence

of D2O was 68.1 Â±3%, whereas in the presence of D2O the
surviving fraction decreased to 45.7 Â±6.4% (P < 0.001). In
cultures incubated with free Ce6 and irradiated in the absence
of D2O at 10 J/cm2 no cell death was found 24 h after irradia

tion. Moreover, even in cells irradiated in the presence of D2O
no statistically significant decrease in the surviving fraction
1
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Fig. 1. Cell survival of MGH-U1 human bladder carcinoma cells preincubated
with free Ce6 or Ce6-MS (0.43 Â¡*Mor equivalent for 18 h), as a function of radiant
exposure at 659 nm.

(93.2 Â±1.7%) was seen (Table 1). Treatment with D2O alone
likewise had no effect on cell survival.

Phototoxicity of Free versus Conjugated Ce6 in the Presence
of NaN3. The surviving fraction of cells incubated with Ce6-MS
and irradiated at a radiant exposure of 10 J/cm2 was 68.1 Â±

3% 24 h after irradiation in the absence of NaN3, whereas in
the presence of NaN3 the surviving fraction was 91.0 Â±2.0%
(P < 0.001). In cells incubated with free Ce6 and irradiated at
10 J/cm2 no cell death was found (Table 1). Therefore, a change

in survival after irradiation in the presence of NaN3 was neither
expected nor found. Cells likewise were unaffected by treatment
with NaN3 alone.

Phototoxicity of Free versus Conjugated Ce6 in the Presence
of BSO. Cells were incubated with Ce6-MS and irradiated at a
radiant exposure of 2 J/cm2 in the presence and absence of

BSO. The surviving fraction of cells in the presence of BSO
was only 63.9% of that treated without BSO (P < 0.01). In
cells preincubated with free Ce6 and irradiated at the same
radiant exposure no difference in the surviving fraction (97.7 Â±
0.7%) occurred. Cells treated with BSO alone showed no effect.

Intracellular Uptake and Retention of Free versus Conjugated
Ce6. Fluorescence measurements of the Ce6 extracted from
MGH-U 1 cells immediately after an 18-h incubation with Cee-
MS and rinsing revealed an intracellular mean Ce6 content of
9.54 Â±0.8 x 10~17mol/cell. The mean concentration at 2 and
5 h after rinsing was 8.52 Â±0.3 x 10~17and 8.74 Â±0.2 x 10~17

mol/cell, respectively. These differences are not significant (P
< 0.5). The mean intracellular concentration of free Ce6 im
mediately after rinsing was 1.9 Â±0.5 x 10~18 mol/cell and
decreased to 1.36 Â±0.2 x 10~18and 0.97 Â±0.3 x 10~18mol/

cell after 2 and 5 h of efflux time, respectively. These differences
are not significant (P = 0.14).

Effect of Efflux Time on Phototoxicity of Free versus Conju
gated Ce6. MGH-U 1 cells incubated with Ce6-MS (0.43 UM)
and irradiated at a radiant exposure of 5 J/cm2, either imme

diately after rinsing or after an efflux time of 2 h, showed 100%
cell death, whereas cells irradiated after 5 h of efflux demon
strated a significantly increased surviving fraction of 40 Â±4.5%.
Cells incubated with high-dose free Ce6 (4.3 /Â¿M)showed total
cell lethality after immediate irradiation at a radiant exposure
of 5 J/cm2. After an efflux time of 2 and 5 h the surviving

fraction was 88.6 Â±3.8% and 95.3 Â±1.8%, respectively.
Intracellular Localization of MS after an Efflux Time of 0 and

5 h. Three-dimensional images with CLSM of MGH-U 1 car
cinoma cells were taken after an 18-h incubation with rhoda-
mine polystyrene MS and counterstaining with acridine orange.
CLSM showed the MS in a perinuclear area within acidic
organdÃes (Fig. 2A). After an efflux time of 5 h the MS were

still localized intracellularly but appeared in a more confined
pattern removed from the nucleus (Fig. 2B).

Phagocytosis of the Microspheres. A large difference in the
average number of phagocytosed MS as a function of cell type
was found. Fibroblasts took up 2.5 Â±0.41 and keratinocytes
8.3 Â±0.49 MS/cell, whereas the MGH-U 1 carcinoma cells
took up 20.2 Â±1.97 MS/cell. These differences between MGH-
U1 cells and keratinocytes and fibroblasts are significant (P <
0.001).

Phototoxicity to Benign versus Malignant Cells. The surviving
fraction of MGH-U 1 carcinoma cells after incubation with Cee-
MS and irradiation at a radiant exposure of 10 J/cm2 was 76.3

Â±0.95% and 40 Â±3.48% for fibroblasts. In contrast, the

Table 1 Surviving fraction ofMGH-UI carcinoma cells after preincubation with
free Ce6 or Ce6-MS (0.43 IÃ•Mor equivalent for 18 h) after irradiation at 10 J/cm2

Â¡nplain culture medium or with additional DiO or NaN}

Surviving fraction
(% Â±SE)

Culture medium D2O NaN3

Free Ce6
Ce6-MS

97.4 Â±1
68.1 Â±3

93.2 Â±1.7
45.7 Â±6.4

96.5 Â±0.7
91.0 Â±2.0

Fig. 2. Confocal laser scanning microscopy of the intracellular localization of
rhodamine MS (l Â¿imdiameter) after incubation for 18 h in MGH-U 1 carcinoma
cells counterstained with acridine orange. A, immediately after removal of con
jugates and washes; B, after an efflux time of 5 h. (x 63 oil immersion lens;
numeric aperture, 1.4; excitation wavelength, 488 nm; emission wavelength, >510
nm). Extended focus views from 15 optical sections 0.7 nm apart.
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surviving fraction of keratinocytes was 93.5 Â±0.83%. The
difference in surviving fraction between MGH-U1 cells and
keratinocytes was statistically significant (P< 0.001).

DISCUSSION

This study compares the phototoxicity of free versus MS-
conjugated Ce6 and its underlying mechanisms. Both 'Ã›2 and

radicals are known to be important cytotoxic mediators in PDT
(30, 31). In this study also experiments with both D2O and
NaN3, a known potentiator (32, 33) and a quencher (32, 33) of
'O2, respectively, demonstrated a role for this oxygen species.

Glutathione is the major intracellular nonprotein sulfhydryl
donor and, as such, regulates intracellular free radical concen
tration (34); it is present in high concentration in many human
cancer cells (34). BSO is a selective inhibitor of 7-glutamylcys-
teine synthetase, an enzyme in glutathione synthesis; adminis
tration of BSO leads to a decrease in intracellular glutathione
concentration (34, 35) and potentiates the cytotoxicity of sev
eral cancer treatments (36-38). BSO has previously been shown
to modify the response to PDT (39). The potentiation of Ce6-
MS phototoxicity with BSO in this investigation is consistent
with the role of free radicals in the phototoxic mechanism.

One reason for the differential phototoxicity of free versus
conjugated Ce6 may be the intracellular concentration of Ce6
achieved with the two formulations. Fluorescence measure
ments of extracted Ce6 after incubation at equivalent concen
tration demonstrate an approximately 50-fold higher Ce6 up
take in MGH-U1 cells incubated with Ce6-MS compared with
free Ce6. These results are in general agreement with our
previously reported data (25). Moreover, the present data show
a large difference in the retention of Ce6 as a function of
formulation. The efflux data are in accordance with the differ
ential phototoxicity of Ce6-MS versus free Ce6 as a function of
efflux time. Evidently the decreased intracellular concentration
of free Cc6 after 2 and 5 h of efflux time is insufficient to
sensitize phototoxicity detectable by the EB/FDA assay. The
concentration of free Ce6 (4.3 Â¡J.M)used was 10-fold that of Ce6-
MS in order to demonstrate phototoxicity after either imme
diate or delayed irradiation. At a concentration of 0.43 /J.M,
equivalent to that used for Cc6-MS, it was impossible to study
these effects, because free Ce6 does not affect cell survival after
immediate irradiation at this concentration. The survival rate
in cells incubated with Ce6-MS and irradiated after an efflux
time of 5 h is as high as 40%, although the intracellular
concentrations as measured by fluorescence after 0, 2, and 5 h
are comparable. Based on the existing data, an unambiguous
explanation for this observation is not possible. Two hypotheses
can be suggested. First, there might be a change in the physical
state of the photosensitizer after 5 h, so that fluorescence but
not phototoxicity would occur. Second, the Ce6-MS might leave
the lysosomal compartment; in this case, the potential of pho
totoxicity by the release of lysosomal enzymes would be abol
ished, as has been reported for doxorubicin in P388 leukemia
and HCT-8-colon carcinoma cells, respectively (40, 41). The
CLSM study showed an apparently different localization pat
tern for rhodamine-MS after 5 h of efflux time; however, the
differences were marginal. It is likely that the Ce6-MS conju
gates would behave similarly to the rhodamine-MS conjugates.

Part of the differential uptake of free versus bound photosen
sitizer may result from differences in the mechanism of intra
cellular uptake. The MS are phagocytosed into lysosomes (30),
whereas the unconjugated Ce6 enters the cells by diffusion. Free

Ce6 has been shown to localize in all membranes of MGH-U1
cells, whereas Ce6-MS are found in lysosomes (25). Localization

of PS within the lysosomes leads to an additional toxic pathway
of injury (42); irradiation and subsequent photochemical reac
tions release hydrolytic enzymes to cause cell injury and death
(30).

In vitro the rate of phagocytosis might be an important
determinant of Ce6-MS uptake as shown in preliminary results

with similar conjugates in bovine trabecular meshwork cells
(43). Our results show a correlation between the rate of phago
cytosis and efficiency in cell killing in MGH-U1 cells versus
keratinocytes. The reason for the lack of correlation of photo
toxicity and phagocytosis for fibroblasts is not obvious; it may
be a consequence of the inherent increased susceptibility of the
fibroblast cell line to a variety of toxic insults. In vivo, however,
other factors, such as vessel leakiness and interaction with
tumor stroma, will play an important role in the increased
uptake of conjugates as shown in a study where the tumor
uptake of Adriamycin-conjugated MS increased up to 39 times
that of the surrounding normal tissue (1, 44, 45).

In summary, our data demonstrate that Ce6-MS are more
efficient than free Ce6 in sensitizing human bladder carcinoma
cells to photodynamic destruction. This enhancement appears
to be due to both a higher uptake and a different mechanism of
action of the conjugated PS. The photosensitization appears to
be both 'O2- and free radical-mediated. Furthermore, Ce6-MS

are retained for a longer period of time intracellularly than is
free Ce6. These results suggest that Ce6-MS conjugates are
potential agents for PDT, particularly in the context of intraves-
ical administration in superficial bladder cancer.
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