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Abstract — The photodynamic activity of three photosensitizg?S): ALA-induced PPIX, the porphyrin derivative(4
trimethylammoniumphenyl)-10, 5, 20-tris (2,4,64mtathoxyphenyl) porphyrin (CP) and the molecular dgadphyrin-G,
(P-Gso), the last two incorporated into liposomal vesscleras evaluated on Hep-2 human larynx carcinorhdioe. ALA-
induced accumulation of the endogenous PS PPI¢theshsaturation values between 5 and 24 h incubaiioe; the
maximal PPIX content was 5.7 nmolfigells. The same intracellular level was accumdlatken the cationic porphyrin CP
was used, while the amount of Ry@ttained was 1.5 nmol/i@ells. Under violet-blue exciting light, the fiescence of
PPIX and P-g was found in the cytoplasm showing a granular appee indicating lysosomal localization. CP was
mainly detected as a filamentous pattern charatiemf mitochondrial localization. No dark cytotoity was observed
using 1mM ALA, 5uM CP and 1uM P-GCy, after 24 h incubation. Cell morphology was analymsthg Hoechst-33258,
toluidine blue staining, TUNEL assay and DNA fragraion, 24 h after irradiation with 54 J/cm2. Whamotosensitized
with ALA and P-Gg chromatine condensation characteristic of apaptml!l death was found; instead, 58 % of necrotic
cells were observed with CP. The results show thalhé Hep-2 cells, of the three PS analyzed, thiecutar dyad P-g
was more efficient than CP and PPIX, and confirat #DT can induce different mechanisms of cell ldeapending on the
PS and the irradiation dose.
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modality gaining worldwide popularity, based on

INTRODUCTION the preferential accumulation of a given

, . , photosensitizing agent (PS) in malignant tissue.

Photodynamic properties of porphyrins are § jnyolves the administration of the PS and its
well known characteristic of these compounds. Aypsequent activation by light, to generate singlet
clear demonstration that porphyrins are uniqugyygen {0,) and other reactive oxygen species
and powe;rful endogenous photosen_smzer are thROS), selectively destroying the target cells (2).
human disorders known as porphyrias, in which Ty oxjdative mechanisms are considered to
porphyrin intermediates are accumulated becaugg principally implicated in the photodamage of
of the deficiency of some enzymes of the hemgiis. |n the type | photochemical reaction, the PS
biosynthetic  pathway. In the cutaneOUsnteracts with a biomolecule to produce free
porphyrias, abnormal quantities of circulatingagicals, while in the type I mechanism, cell
porphyrins result in skin photosensitivity. inactivation takes place mainly through the
On the other way, biotransformation of ALAgeneration of‘O,. Both mechanisms can occur

to photoactive PpIX has been used in the S§muyltaneously and the ratio between the two
called Photodynamic Therapy (PDT), a cancer processes depends mainly of the PS, substrate
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and the nature of the medium (24) However, theell culture _ _
mechanism of action of PDT is still not The Hep-2 human larynx-carcinoma cell line
letel d tood . th ffect Asociacién Banco Argentino de Células, ABAC, Institut
_compe e_y unaerstood, _S_mce e e e_C S_ M&Yacional de Enfermedades Virales Humanas, Pergamino
involve direct tumor cell injury and also indirectargentina) was kept frozen in liquid nitrogen. Thells
cell death as a result of vascular damage (1). were grown as a monolayer in Dulbecco’s modifiedlEa
Many PS are being Studied in ongoing tria|srpeddium (D/MIEM) Containing 10 %getal Ca'LSEI’U“’I (FCS)
- - and 50 pg/ml gentamycin as antibiotic. The cells were
ampng. them, porphyrln_s and porphy”rﬁlcubated at 37°C in a humidified 5% CO2 atmosphaetk a
derivatives are the most widely used. In recéfjfe medium was changed daily. Cell line was rouginel
years, 5-aminolevulinic acid (ALA)-mediatedchecked for the absence of mycoplasma contamination
PDT has become one of the most promisin
fields in cancer research. After ALA Cell number . .
dministration, the PS Protoporphyrin IX (PPIX The number of cells seeded per dish were deterntiged
fa ! porphy . )_counting viable cells with the trypan blue (TB) exibn
is generated through _the haem blosynthe_tlﬁethod using a Neubauer chamber counter.
pathway, and selectively accumulated in
malignant cells (5, 28). Recently, severaf‘ssays _ ber of cel Slis/m
porphyrin derivatives covalently linked to active _ /An appropriate number of cells (~5xIelis/mi) were
. seeded in triplicate in 30 mm diameter dishes @A
molecules have been tested for a potential useiing) or in 25 cm2 culture flasks (for CP and BC@nd
the treatment of tumors (16, 19). incubated 24 h at 37° C. Afterwards, the cells were
Another interesting approach is the use oficubated in the dark with specific concentratiofisALA
; diing different time periods (in serum free medjuan
CodmpOl:nds tsubc'lh as E[?]o'ecuhlai (_jygds (éeSIthedW% CP and P-C60 (in medium with 1% of serum)
order 10 sta ”Z_e ,e photoinaduce c alrgﬁ\morporated into the liposomes for 24 h.
transfer state to inactivate cells. Water-soluble
fullerene C60 derivatives have been proposed as Measurement of porphyrin synthesis and porphyrin
efficient PS, as they can be accumulated in tgantification

tumor and induce cell death upon illumination _ Atthe end of incubations, medium containing PS was
removed. Total PPIX accumulated within the cellsswa

(30). extracted twice with 5% HCI leaving the cells forfhen

In the present work we compare thewour in the presence of the acid at 37° C. Measureme
photokilling activity of three photosensitizers:were made in a Shimadzu RF-510 spectrofluoromeséngu

i ; it _406 nm excitation and 604 nm emission wavelenghs,

ALA.mduced PpIX., the porphyrin denva.tlve 5 PPIX (Porphyrin Products, Logan, St Louis) as stard
(4-trimethylammoniumphenyl)-10,5,20-tris reference.
(2,4,6-trimethoxyphenyl) porphyrin (CP) and theyptake of CP and P-C60 were determined adding 1.6fml
molecular dyad porphyrin-C60 (P-C60) on th& % SDS to 1ml of the cellular suspension in PBSe Th
Hep_z human |arynx_carcinoma cell |ine_mixture was further incubated for 15 min in thelkdand at

; : m temperature, and centrifuged 30 min at 900@ The
Squamous cell carcinoma comprises more th%%fr)]centration of the PS in the supernatant wasumedssn a

95% of laryngeal carcinomgs and _”mfs 1Qpectrofluorometeri( exc=422 nm,. em=650 nm), and
tobacco and alcohol consumption. The incidenegantified in comparison with a calibration curvetained

of these tumors is increasing in developedith standard solutions of the PSs in 2 % SDS (fB]1-
countries; treatment involves total removal of th&5#M).

larynx and mortallf[y rate is hlg_h (31), so it iIScell photosensitization

relevant to investigate strategies to treat this At the end of incubations, medium containing PS was

malignancy. removed, cells were washed three times with PBSfrast
medium was added. Cultures were exposed to visii |
MATERIALS AND METHODS for different time intervals. After each irradiatitime, cells

were incubated for another 24 h in the dark to let
photodamage occur and then tested for viabilitythey TB
Chemicals exclusion test, or the MTT assay reading the alasad of
ALA was purchased from Sigma Chem Co andhe resulting formazan crystals at 540 nm (18).e Shme
dissolved in Dulbecco’s phosphate buffered saliRBS) procedure without irradiation was carried out tdedaine
adjusting the pH with sodium hydroxide. CP waddark toxicity. Cell viability was expressed as ageetage of
synthesized by the reaction of 5-(4-aminophenylt220- non-treated control cells.
tris (2,4,6-trimethoxy phenyl) porphyrin with mettigdide
(19), and P-C60 was synthesized according to Avateal Irradiation
(4). As CP and PC60 are not completely soluble iremyat The light source used was a Kodak slide projector
they were incorporated into liposomes of Dddipalmitoyl  equipped with a 150 W lamp and a wavelength range
phosphatidylethanolamine by a modification of thieaaol between 350-800 nm was selected using opticatdiltEhe
injection procedure of Kremer et al (15). Absorptgpectra light was filtered through a 3 cm water layer teath heat.
and fluorescence emission spectra ofp-&hd CP ifN,N-  The light intensity at the treatment site was 60 faV2.
dimethylformamide are shown in Fig 1.
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Figure 1. Absorption spectra (left) and fluorescence emissspectra (right) of P« (A) and CP (B) inN,N
dimethylformamidei,. = 554 nm (A); 515 nm.(B).

Morphology and Cell Counting fluorescent probes MitoTracker Green and LysoTracke
Changes in cell morphology were analyzed usin@Green (Invitrogen) using a fluorescence microscope

fluorescence microscopy. After fixation with metbhat -  (Axiovert S100, Zeiss, Germany) with a color camera

20°C for 10 min, cells were stained with Hoechst&88fH- (SONY MC-3254) and Axiovision 3.06 software.

33258, 10ug/ml in distilled water) for 5 min to visualize the

DNA chromatin. Preparations were washed and aiediry Statistical treatment

then mounted in a mixture of distyrene, plasticizerd The values in figures are expressed as means +
xylene (DPX, Serva, Heidelberg, Germany), and oleskr standard error of the mean, and they are the ag@tihiree
under UV excitation. independent experiments run in triplicate. A paitec-
tailed Student t-test was used to determine dtatist
Intracellular localization significance between means. p values <0.05 were

Typically 3x10 cells were incubated 5 h with 1mM considered significant.
ALA, 3 h with 5uM CP or 1uM PC60. Then, medium was
removed, cells were washed three times and resdsgéen RESULTS
PBS. Fluorescence of PPIX, CP and P-C60 was arthlyze
under fluorescence microscopy, using violet-blueiterg . . .
light (exc=406 nm, em=604 nm for PPIX; exc=422 nmPPIX synthesis and porphyrin accumulation
em=650 nm for CP and P-C60). On the other hands cell The endogenous PS PplX is synthesized

were incubated with 1@g/ml of mitochondria localizing from ALA and is rapidly accumulated in the

dye rhodamine 123 (R123) for 15 min, then medium wa; . ; ; ; ; ;
removed and cells were resuspended in PBS. Fluoresce Cells; after 5 h incubation, saturation is attained

of R123 was analyzed on account of its red emissisimg reaching 5.7 nmol PRIX/fOceIIs, with  no
450-490 nm excitation and 520-600 nm emissio€hanges up to 24 h. Similar results were observed
wavelengths. Parallel experiments were run with thgvhen the cell line was treated withulM P-C60;
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in this case, the plateau value reached was Jfanular fluorescence signal of P-C 60 and PPIX
nmol P-C60 /10 cells (Fig 2). At 5uM, CP was entirely similar to that observed after
uptake was about 5.7#0.3 nmolfiGells. lysosome labeling with LysoTracker, and very
Incorporation of CP into the cells must not be adifferent from the filamentous pattern of

energy dependent process, as no difference wagochondria labeled by R123 or MitoTracker

observed when incubation medium wasreen (6,7).

supplemented with  sodium azide and

dinitrophenol (3). No saturation uptake occurre
up to 10uM CP and higher concentrations were
toxic (Fig 3).
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Figure 2. Time course of intracellular accumulation of ¢ D
ALA-induced PPIX (O) and uptake of Pso). Cells were . .
incubated with 1 mM ALA or iM P-Gy; at the indicated ''9uré 4. Fluorescence micrographs of Hep-2 cells
times, medium was removed, and PPIX or g-@ntent incubated 5 hwith 1 mM ALA (A), 3 h with fM CP (B), 3

was determined as described in Materials and Mistho h with 1uM P-Ggo(C), 30 min with MitoTracker Green (D).

Dark toxicity

Cytotoxic effects in the absence of light
10,0 1 - were studied using 1 mM ALA, 1-1M CP and
0.1-10 uM P-C60 after 24 h incubation. The
three compounds did not show any dark toxicity
e at the concentrations tested, as evaluated by the
B MTT method 24 h after treatments. Also, the
z,u-g/L viability was established by microscopy with TB
. . . . . . exclusion test using a Neubauer chamber
0 2 s 6 8 w12 counter. In both cases, similar results were

(CP] (et} obtained

12,0

@
=]

6,0 4

CP (nmal 107 cells)

0,0

Figure 3. Uptake of CP. Cells were incubated 24 h at 370 €hotosensitization and photodynamic effect on
with the CP concentrations indicated, and the amaint cell morphology
intracgllular CP content was determined as degtriine As expected, light irradiation of cells treated
Materials and Methods. with ALA-induced PPIX, CP and P-C60,
Microsconic localization diminished the viability of cells in a manner
P L . dependent on the PS, the irradiation dose (Fig 5)
Intracellular localization of ALA-induced and the PS concentration (data not shown)
PPIX, CP and I.D'CGO’ was analyzgd by means ‘??eatment of cells with 1 mM ALA for 5 h .
fluorescence microscopy and confirmed with th%duced the accumulation of 5.7 nmol PPI¥/10

glrj]griscsir_'lfr;ncoklgfu(laar:agrr]oblfliol\fgg;gggegfelgﬁ%lIs, and by illumination with 54 J/cm2 fluence
4 ' fate, produced 50 % of cell death (fig 4), mainly

and P-Go was mainly observed as granula hrough apoptotic pathway (Fig 5). After 24 h

pattern in the cytoplasm indicating IysosomséO cubation, 5iM CP produced the accumulation

localization, while CP showed the bright re f 5.7 nmol CP /10cells; this amount induced an

fluorescence of porphyrin as filamentous patteri%portant cell death: by illumination with 54

characteristic of mitochondria (Fig  4). TheJ/cmZ fluence rate, only 20 % of cells survived

11
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(Fig 5) and 58 % of died cells were necrotic (Figctivity of
6). So, in terms of the intracellular PS level, CPBhotosensitizers:
was more effective compared to PPIX. Th@orphyrin
highrimethylammoniumphenyl)-10,5,20-tris(2,4,6-

molecular dyad P-C60

showed
photodynamic effect, as a concentration of 1.Gimethoxyphenyl)porphyrin

a

three porphyrin-related
ALA-induced PplX, the
derivative 5-(4-

(CP) and the

nmol P-C60 /10cells was able to inactivate 80%molecular dyad porphyrin-C60 (P-C60) on the
of cells, mainly by apoptosis (Figs 5 and 6).

Cellular Surviving (%)
@
=]

Fluence

Hep-2 human larynx-carcinoma cell line.

When adding exogenous ALA, PPIX is
accumulated because the step catalized by the
rate-limiting enzyme, ALA synthetase, is by-
passed (5). Endogenously synthesized PPIX is
rapidly eliminated, avoiding the long lasting
cutaneous photosensitivity observed with other
PS, a great advantage over them (10). ALA-
induced PDT has been successfully applied in
dermatology, urology and gastroenterology,
including the photodiagnosis of tumors (29).

It was observed that higher amounts of PPIX
are accumulated in malignant cells compared to
normal cells, attributed to differences in the
metabolizing ability of the heme pathway (9). In

ALA-induced PPIX, CP or P-4 at different fluence rates.
Cells were incubated with 1 mM ALA for 5 @, 5uM CP

line accumulates 5.7 nmol PPIX A¢klls, which

(A) or 1uM P-Cy, (s) for 24 h at 37 C. At the end of COrresponds to 3.20/1CF cells, a value lower

incubations, spent medium was removed, and illutiina
were performed as described in Materials and Methodgmount, however, is similar to the PS
Surviving cells are expressed as % of the non-B&tdad

cells (open symbols).

100

30

60

40

Cellular types (%)

20+

than that obtained in MCF-7¢c3 cells (2). This
level
CP,
was
more
same

attained with the porphyrin derivative
although the photodynamic efficiency
different: while CP was able to produce
than 80 % of cell death, PPIX at the
concentration induced 50% cell inactivation.
The mechanism of cell death was mainly
apoptotic in the case of PPIX, and necrotic with
CP. It is known that PS, light and molecular
oxygen are the three crucial agents in PDT, and
depending on the treatment modality, either
cellular repair-survival or cell death by an
apoptotic or necrotic fashion, is produced (26).
There are many evidences that responses to PDT
depend primarily on the subcellular localization
pattern of a PS, a fact that can influence the

Figure 6. Evaluation of cell death mechanisms after PDIMechanism of cell death induced by the PDT
of Hep-2 cells with ALA-PPIX, CP and Psg Cells were treatment (14,17,22), but other factors such as
incubated 5 h with ImM ALA (1), 24 h withyM CP (2) or  ce|| line (21) and PDT doses (17) play important
1 uM P-Cg (3), and then irradiated with 54 Jfeftuence roles as well
rate. Values represent meanstandard deviation of three ) . .
separated experiments. It has been reported that mitochondria
(I]): normal cells; ( f): apoptotic cells;§ )necrotic cells; localized PS are able to induce apoptosis very
([]): ghost. rapidly, and lysosomal localized PS can elicit
either a necrotic or apoptotic response (20). In
the Hep-2 cells, microscopic fluorescence studies
comparing CP and R123, present a similar
In the field of PDT, numerous authors havélamentous  pattern indicating that CP
focused on the study of new porphyrin and no&ccumulates mainly in mitochondria. The
porphyrin photosensitizers (11, 25). In th@resence of a cationic charge on the macrocycle
present work we compare the photokillingcould be influencing this subcellular localization.

DISCUSSION

12
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