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AT X-S10(Na), a hydrophilic chlorin photosensitizer having an absor ption maximum at 670 nm, isa
candidate second-generation photosensitizer for photodynamic therapy (PDT) for cancer treat-
ment. I n this study, we examined plasma protein binding, cellular uptake and subcdllular tar gets of
ATX-S10(Na) in vitro. Protein binding ratios of 50 ug/ml ATX-S10(Na) in rat, dog and human
plasma were 73.0%, 87.2% and 97.7%, respectively. Gel filtration chromatography revealed that 1
mg/ml ATX-S10(Na) bound mainly to high-density lipoprotein (HDL) and serum albumin at the
protein concentration of 0.4%, with binding ratios of 46% and 36%, respectively. The free form of
AT X-S10(Na) was mostly incorporated into T.Tn cells, and its cellular uptake was partially but
significantly inhibited by endocytosis inhibitors such as phenylarsine oxide, chloroquine, monensin
and phenylglyoxal, and by chilling the cells to 4°C. However, ouabain, harmaline, sodium cyanide,
probenecid and aspartic acid did not influence the uptake of AT X-S10(Na), suggesting that cellular
uptake of ATX-S10(Na) was not related to sodium-potassium pump activity, sodium-dependent
transporter activity, mitochondrial oxidative respiration, organic anion transporter activity or
aspartic acid transporter activity. By fluorescence microscopy, lysosomal localization of ATX-
S10(Na) was observed in T.Tn cells. However, electron microscopic observation revealed that many
subcellular organelles such as mitochondria, endoplasmic reticulum, ribosomes, Golgi complex and
plasma membrane were damaged by PDT using 25 ug/ml ATX-S10(Na) soon after laser irradia-
tion at 50 J/cm?, and tumor necrosis was rapidly induced. This result indicated that AT X-S10(Na)
was widely distributed within the cell.
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Photodynamic therapy (PDT) has been developed as a
treatment for superficial cancer with laser irradiation fol-
lowing systemic administration of a tumor-localizing pho-
tosensitized agent. Although porfimer sodium is the only
commercialy available photosensitizer, patients are
obliged to avoid the sun for several weeks after PDT in
order to avoid developing hyperphotosensitivity of the
skin. ATX-S10(Na), which has been developed as a sec-
ond-generation photosensitizer, shows potent anti-tumor
activity in combination with a 670-nm diode laser, and is
rapidly eliminated from the body so that hyperphotosensi-
tivity is expected to be reduced.*®

The effectiveness of PDT is based on the selective
localization of photosensitizers in target tissues. Some
photosensitizers such as porfimer sodium bind to low-den-
sity lipoprotein (LDL), and the LDL receptor-mediated
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endocytic pathway is a well-known mechanism of tumor
cell-specific accumulation of photosensitizers.® Although
there are some reports suggesting tumor-specific accumu-
lation of ATX-S10(Na),*® the mechanisms of tissue distri-
bution and cellular uptake of ATX-S10(Na) remain
unclear. In the present study, we investigated the plasma
protein binding, cellular uptake and subcellular targets of
ATX-S10(Na) in vitro.

MATERIALS AND METHODS

Photosensitizer ATX-S10(Na), 13,17-bis(1-carboxypro-
pionyl)carbamoyl ethyl-8-ethenyl-2-hydroxy-3-hydroxyimi-
noethylidene-2,7,12,18-tetramethylporphyrin sodium salt,
was synthesized by Toyo Hakka Kogyo Co., Ltd.
(Okayama). The chemical structure of ATX-S10(Na) is
shown in Fig. 1. ATX-S10(Na) was dissolved in phos-
phate-buffered saline (PBS) and diluted with culture
medium at appropriate concentrations.
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Fig. 1. Chemica structure of ATX-S10(Na).

Chemicals Phenylarsine oxide, chloroquine, monensin,
phenylglyoxal, harmaline and probenecid were purchased
from Sigma-Aldrich Japan K. K. (Tokyo). Ouabain,
sodium cyanide, aspartic acid, glycine, aanine, histidine
and other reagents were obtained from Wako Pure Chemi-
cal Industries, Ltd. (Osaka).

Laser units A diode laser (LD670-05, Hamamatsu Photo-
nics K. K., Hamamatsu) was used as a light source for
exciting ATX-S10(Na). The diode laser is a continuous-
wave laser operating at 670-nm wavelength.

Tumor T.Tn, human esophageal cancer, was purchased
from Human Science Research Resource Bank (Osaka).
T.Tn cells were grown in Dulbecco’'s modified Eagle's
medium supplemented with 10% fetal calf serum (FCS)
and antibiotics (100 units/ml benzylpenicillin and 100 ug/
ml streptomycin) under a humidified atmosphere contain-
ing 5% CO, at 37°C.

Plasma and human plasma proteins Rat, mouse, dog
and human plasma were prepared in our laboratory.
Human plasma proteins (serum abumin, transferrin, hap-
toglobin, fibrinogen type I, fibrinogen type Il1, high-den-
sity lipoprotein (HDL) and LDL) were purchased from
Sigma-Aldrich Japan K. K.

Measurement of protein binding of ATX-S10(Na) in
vitro Rat, dog or human plasma was incubated with 50
ug/ml ATX-S10(Na) for 20 min at 37°C. After centrifuga
tion at 235 000g for 16 h at 4°C, 100 ul of the supernatant
was mixed with 25 ul of 40 mM dithiothreitol, 25 ul of
10% trichloroacetic acid and 300 ul of methanol. The
samples were sonicated for 10 min, allowed to stand for 1
h and centrifuged at 1500g for 10 min at 4°C. The concen-
tration of ATX-S10(Na) in the supernatant was determined
by high-performance liquid chromatography (HPLC). The
HPLC system consisted of a Waters LC module 1 (Waters,
Tokyo) with an Inertsii ODS-2 column (5 pm octadecyl
silica (ODS), 250 mmx4.6 mm i.d.; GL Sciences Inc.,
Tokyo). ATX-S10(Na) was detected with a Waters 470
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Scanning Fluorescence Detector at the wavelength of 667
nm with excitation at 413 nm. The mobile phase was 60%
water, 10% acetic acid and 30% acetonitrile, and the flow
rate was 1.1 ml/min. The plasma protein binding ratio of
ATX-S10(Na) was calculated by means of the following
equation: Binding ratio (%)=(C,-C)/C,*x100, where C,
and C, indicate the concentrations of ATX-S10(Na) in
the plasma and in the supernatant, respectively.

Agarose gel electrophoresis One microliter of human
plasma and 1 pl of 500 pug/ml ATX-S10(Na) were mixed
and applied to the agarose gel plate of a TAITAN GEL
High Resolution Protein System (Helena Laboratories,
Beaumont, TX) and electrophoresed at 250 V for 15 min.
After electrophoresis, the agarose gel was cut into 5-mm
dices in the direction of electrophoresis. Each gel piece
was put into a glass tube with 1 ml of water and homoge-
nized with a Physcotron (NS-310E, Microtec Co., Ltd.,
Funabashi). After centrifugation of the homogenate at
1500g for 5 min, the concentration of ATX-S10(Na) in the
supernatant was determined with a fluorescence spectro-
photometer (F-3000, Hitachi, Tokyo) at the excitation
wavelength of 413 nm and the fluorescence wavelength of
667 nm. As control samples, 1 ul of 500 ug/ml ATX-
S10(Na) and 1 ul of human plasma were also analyzed by
the same procedure.

Gdl filtration chromatography A mixture of 20% mouse
serum and 1 mg/ml ATX-S10(Na) was applied to a TSK-
GEL G3000SW gd filtration column (300 mmx7.5 mm
i.d.; Tosoh, Tokyo). The HPLC system consisted of a
Waters 600S controller, 626 pump, 717 plus autosampler
and 490E detector (Waters). Protein and ATX-S10(Na)
were detected as absorbance at wavelengths of 280 and
395 nm, respectively. The mobile phase was 50 mM phos-
phate buffer (pH 7.0) containing 0.05% NaN,. A mixture
of 0.4% of each human plasma protein (serum abumin,
transferrin, haptoglobin, fibrinogen type I, fibrinogen type
I1l, HDL and LDL) and 1 mg/ml ATX-S10(Na) was also
analyzed by the same procedure. Binding ratios of ATX-
S10(Na) to human plasma proteins were calculated by
means of the following eguation: Binding ratio (%)= (Peak
area of protein-bound ATX-S10(Na))/(Total peak area of
ATX-S10(Na)) x 100.

Measurement of cellularly incorporated ATX-S10(Na)
T.Tn cells were incubated with 50 ug/ml ATX-S10(Na)
and 10% FCS for a designated time in the presence or
absence of endocytosis inhibitors, such as phenylarsine
oxide®? chloroguine®® monensin®® and phenylgly-
oxal,*- or at the low incubation temperature at 4°C.%4
Cells were collected by trypsinization, then 0.5% Nonidet
P-40 solution was added to adjust the cell concentration to
106 cells/ml. Cells were homogenized by vigorous mix-
ing and centrifuged at 1500g for 10 min. ATX-S10(Na)
concentration in the supernatant was determined with a
fluorescence spectrophotometer at the excitation wave-



length of 413 nm and fluorescence wavelength of 667 nm.
Protein concentration in the supernatant was measured
with BCA Protein Assay (Pierce, Rockford, IL). The effects
of ouabain, harmaline, sodium cyanide, probenecid and
amino acids on cellular uptake of ATX-S10(Na) were also
investigated by using the same procedure.

Fluorescence microscopy T.Tn cells were grown on cov-
erdlips and incubated with 50 pg/ml ATX-S10(Na) for 24
h at 37°C. The cells were washed twice with PBS and
stained with 0.1 M Nile Blue A,'® alysosomal dye, for 2
min at room temperature. They were further washed with
PBS, and the fluorescence of ATX-S10(Na) or Nile Blue
A was observed with a fluorescence microscope (XF-EFD,
Nikon, Tokyo) equipped with a V exciter filter or G
exciter filter, respectively, which blocks the fluorescence
of the other component.

Analysis of subcellular targets of PDT by transmission
electron microscopy (TEM) T.Tn cells were grown in an
8-well chamber dide and incubated with 25 pg/ml ATX-
S10(Na) at 37°C for 24 h. The cells were washed with
PBS, then irradiated with the 670-nm diode laser at 50 J/
cn? from the underside of the chamber slide. Immediately
after and at 15, 30, 45 min, 1, 2 and 4 h after laser irradia-
tion, cells were fixed with 2.5% glutaraldehyde, post-fixed
with 1% osmium tetroxide solution, dehydrated in serial
ethanol and embedded in Acrafilm (Nisshin EM Co., Ltd.,
Tokyo). The samples were thinly cut, stained with uranyl
acetate and lead citrate, and examined with a Hitachi H-
7000 electron microscope.

RESULTS

In vitro plasma protein binding of ATX-S10(Na) When
ATX-S10(Na) at a final concentration of 50 pg/ml was
added to rat, dog and human plasma in vitro, large
amounts of ATX-S10(Na) bound to plasma proteins with
the binding ratios of 73.0%, 87.2% and 97.7%, respec-
tively (Table 1). In order to separate the ATX-S10(Na)-
binding proteins, agarose gel electrophoresis and gd filtra-
tion chromatography were performed. Agarose gel electro-
phoresis showed the presence of protein-bound ATX-
S10(Na) in the albumin fraction and o,-globulin fraction,
but not in the - and y-globulin fractions (Fig. 2). By gel

Table |. Protein Binding Ratio of ATX-S10(Na) in Rat, Dog
and Human Plasma

Species Binding ratio (%, mean+SD, n=3)
Rat 73.0£1.7
Dog 87.2x4.9
Human 97.7£1.6

ATX-S10(Na) concentration: 50 ug/ml.

Plasma Protein Binding of ATX-S10(Na)

Fluorescence intensity

Human plasma .

(CBB stain)
Albumin
o,-globulin
o ,-globulin

3
y globulln
B 5 globulln
£ ,-globulin

Fig. 2. Agarose gel electrophoresis of a mixture of human
plasma and ATX-S10(Na). Mixture of 1 ul of human plasma and
1 pl of 500 ug/ml ATX-S10(Na) was applied to agarose gel and
electrophoresed at 250 V for 15 min. The agarose gel was cut
into 5-mm dlices. After homogenization of each gel dlice, the flu-
orescence intensity of ATX-S10(Na) in the homogenate was
determined with a fluorescence spectrophotometer (ex. 413 nm,
em. 667 nm). @ ATX-S10(Na)+human plasma, A ATX-S10(Na),
O human plasma. CBB: Coomassie Brilliant Blue.

Molecular 158k 13.7k
Weight 6%9“\# 43k

©
o
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// Albumin-bound ATX-S10(Na)

[ Free ATX-S10(Na)

Absorbance at 395 nm

Retention time (min)

Fig. 3. Gel filtration chromatography of mouse serum and
ATX-S10(Na). Mouse serum (fina concentration 20%) and
ATX-S10(Na) (final 1 mg/ml) were mixed and applied to an
HPLC gel filtration column as described in “Materials and Meth-
ods.” ATX-S10(Na) was detected in terms of absorbance at 395
nm.
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Table Il. Binding Ratio of ATX-S10(Na) to Human Plasma
Proteins
Protein Binding ratio (%)

High-density lipoprotein 46

Serum albumin 36

Fibrinogen type | 28

Fibrinogen type 111 24

Transferrin 18

Haptoglobin 12

Low-density lipoprotein 10

Protein concentration: 0.4%.
ATX-S10(Na) concentration: 1 mg/ml.

Table I1l.  Cellular Uptake of ATX-S10(Na) in the Presence of
Human Serum Albumin (HSA), High-density Lipoprotein (HDL)
and Low-density Lipoprotein (LDL) in T.Tn Cells

ATX-S10(Na) uptake?

Protein concentration

Protein (mg/ml) (% of control)
— 0 100.0

HSA 5 16.7£1.3
10 8.4+04
HDL 0.1 94.2+4.7
0.3 71.6+8.3
1 23.2+1.1

LDL 0.1 100.0£8.3
0.3 103.7+3.9

1 109.5+13.2

a) Datarepresent mean+SD (n=3).
ATX-S10(Na) concentration: 50 pg/ml. Incubation time: 24 h.

filtration chromatography, peaks of ATX-S10(Na) were
detected at retention times of 6.25, 7.88 and 10.77 min
(Fig. 3). Peaks of ATX-S10(Na) at 7.88 and 10.77 min
were thought to be due to albumin-bound ATX-S10(Na)
and free ATX-S10(Na), respectively. A peak at 6.45 min
corresponded to the molecular weight of 300—400 k. To
identify the ATX-S10(Na)-binding proteins having a
molecular weight of 300—400 k, we used purified plasma
proteins as standards [haptoglobin (100—400 k), fibrino-
gen (340 k) and HDL (200-400 Kk)]. In addition, we
also used transferrin, LDL and serum abumin, which
have been reported to associate with other photosensi-
tizers.* 1" 1® When 0.4% of each plasma protein and 1 mg/
ml ATX-S10(Na) were mixed and analyzed by gd filtra-
tion chromatography, peaks of protein-bound ATX-S10(Na)
were detected with all plasma proteins tested, and the
binding ratios were HDL (46%)>serum abumin (36%)>
fibrinogen type | (28%)>fibrinogen type 111 (24%)>trans-
ferrin (18%)>haptoglobin (12%)>LDL (10%) (Table II).
In addition, when T.Tn cells were incubated with 50 ug/
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Fig. 4. Effects of endocytosis inhibitors and low temperature on
cellular uptake of ATX-S10(Na) in T.Tn cells. T.Tn cells were
incubated with 50 pg/ml ATX-S10(Na) and 10% FCS in the
presence or absence of endocytosis inhibitors (phenylarsine
oxide, chlorogquine, monensin and phenylglyoxal), or at 4°C. Cel-
lularly incorporated ATX-S10(Na) was measured with a fluores-
cence spectrophotometer (ex. 413 nm, em. 667 nm). Data
represent mean+SD (n=3). [0 Significantly different from the
control group (no endocytosis inhibitors) at P<0.01 (Dunnett's
multiple comparison test). & O O uM, & 25 uM, B 5uM, |
10 uM; b) O O uM, & 100 uM, @ 200 uM, m 400 uM; c) O
0 uM, 125 uM, @ 25 uM, m 50 uM; d) O 0 mM, 05
mM, g 1mM, B 2mM; e) O 4°C, m 37°C.

ml ATX-S10(Na) for 24 h in the presence of HDL, serum
albumin and LDL, cellular uptake of ATX-S10(Na) was
inhibited by HDL and serum albumin, but not by LDL



Table IV. Effects of Metabolic Inhibitors, Organic Anion, and
Amino Acids on Cellular Uptake of ATX-S10(Na)

Compound Con%ﬁ]n’\t/{?non ATX(;/%lg{(l‘\;loar)]t;gt)akea’
— 0 100.0
Ouabain 0.03 97.2+6.1
0.1 98.1+8.3
0.3 89.2+12.7
1 97.3+0.9
Harmaline 0.03 99.1+6.3
0.1 108.2+3.9
0.3 116.2+8.1
1 110.4+35
Sodium cyanide 0.03 98.6+3.5
0.1 98.3x4.1
0.3 95.3+2.1
1 94.8+1.6
Probenecid 0.03 112.3+3.0
0.1 105.5+7.4
0.3 113.1+15.1
1 115.7+9.8
Aspartic acid 0.1 94.4+4.5
05 100.9+1.8
1 95.3+4.7
5 92.0£1.3

a) Data represent mean+SD (n=3).
ATX-S10(Na) concentration: 50 ug/ml.
Incubation time: 3 h.

(Table I11), suggesting that the free fraction of ATX-S10(Na)
was incorporated into cells.
Célular uptake mechanism of ATX-S10(Na) It has
been reported that some photosensitizers are incorporated
into cells via an endocytic pathway or by simple diffu-
sion**® As we hypothesized that ATX-S10(Na) would
be taken up by endocytosis because of its hydrophilic
character, we examined the effect of endocytosis inhib-
itors and low culture temperature on cellular uptake of
ATX-S10(Na). When T.Tn cells were incubated with 50
ug/ml ATX-S10(Na) in the presence of endocytosis inhib-
itors at 37°C or incubated with it a 4°C, the célular
uptake of ATX-S10(Na) was partially but significantly
inhibited by all endocytosis inhibitors tested and aso by
chilling the cells to 4°C, indicating that endocytosis is one
of the uptake mechanisms of ATX-S10(Na) (Fig. 4).
Although in the case of incubation at 4°C, the amount of
incorporated ATX-S10(Na) did not increase with time, 20
ng/mg protein of ATX-S10(Na) was detected in the cells.
Therefore, it is considered that ATX-S10(Na) can bind to
the cell membrane.

We next examined whether a transporter-mediated
mechanism contributed to the cellular uptake of ATX-
S10(Na), using ouabain (Na'-K*-ATPase inhibitor), har-

Plasma Protein Binding of ATX-S10(Na)

Fig. 5. Lysosomal localization of ATX-S10(Na). T.Tn cells
were incubated with 50 pg/ml ATX-S10(Na) for 24 h and
sequentially stained with Nile Blue A. a) ATX-S10(Na) and b)
Nile Blue A were detected by fluorescence microscopy using a Vv
exciter filter and a G exciter filter, respectively. ¢) A light micro-
graph of the T.Tn cells.

maline (Na*-dependent transporter inhibitor), sodium cya-
nide (mitochondrial oxidative metabolism inhibitor), pro-
benecid (organic anion transporter inhibitor) and aspartic
acid (as ATX-S10(Na) is an organic anion having aspartic
acid residues). As shown in Table IV, none of the inhibitors
tested inhibited cellular uptake of ATX-S10(Na).

Subcellular localization of ATX-S10(Na) In order to
examine the subcellular distribution of ATX-S10(Na), we
compared the fluorescence pattern of ATX-S10(Na) with
that of Nile Blue A, a dye staining lysosomes. When T.Tn
cells were double-stained with ATX-S10(Na) and Nile
Blue A, the fluorescence pattern of ATX-S10(Na) corre-
sponded with that of Nile Blue A (Fig. 5). We aso com-
pared the fluorescence pattern of ATX-S10(Na) with that
of Rhodamine 123, a dye for mitochondria, but the fluo-
rescence patterns were different (data not shown).

Cellular destruction by in vitro PDT Damage to subcel-
lular organelles after in vitro PDT was investigated by
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Table V. Ultrastructural Changes of Subcellular Organelles after PDT in vitro
Time after laser irradiation (min)
0 15 30 45 60 120 240

Formation of cytoplasmic vacuoles - +

Disaggregation of polyribosomes + +

Degranulation of rough endoplasmic reticulum - -

Dissolution of membranes of Golgi complex and - +
endoplasmic reticulum

Vesiculation of endoplasmic reticulum/increase in - -
cytoplasmic vesicles

Mitochondrial swelling + -

Condensation of mitochondria with longitudinally - + +
oriented cristae

Decrease in surface processes + - -

Formation of bleb-like surface processes - - -

Accumulation of microfilaments in marginal cytoplasm - - -

Swollen and disrupted cytoplasmic organelles - - -

Karyolysis - - -

Findings

I + + + +
+ o+ 4+ 4+ o+
I I
I I
I I

+
+ +
1o
1o
1o

o+ o+
+ + 1
+ + 1
+ o+ 1

-, hot remarkable; +, present.

A SN R

Fig. 6. Electron micrographs of T.Tn cells after PDT using ATX-S10(Na). a) Immediately after PDT, mitochondrial swelling is
aready apparent (arrowhead). b) 15 min after PDT, dissolution of the membrane of the Golgi complex is induced (arrowhead). c) 45
min after PDT, many cytoplasmic vesicles are observed. d) 1 h after PDT, most cytoplasmic organelles and nuclei are disrupted.
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TEM. After 24-h exposure of T.Tn cells to 25 ug/ml
ATX-S10(Na), the cells were irradiated with a diode laser
at 50 J/cm? and fixed at the designated time. As shown in
Table V, within 45 min after laser irradiation, many
organelles such as mitochondria (Fig. 6a), endoplasmic
reticulum, ribosomes, Golgi complex (Fig. 6b) and plasma
membrane had degenerated, and 1 h after PDT, disruption
of cytoplasm (Fig. 6¢) and nuclei, followed by cell-death
(Fig. 6d), was observed.

DISCUSSION

The effect of PDT is based on the selective localization
of photosensitizers in target tissues. Maziére et al. have
reported that photosensitizers such as porfimer sodium and
benzoporphyrin derivative bind to LDL and are cdllularly
incorporated via the LDL receptor-mediated endocytic
pathway.? In fact, LDL receptors are found in tumor tis-
sues more than in some normal tissues,**-?Y explaining the
selective localization of LDL-bound photosensitizer in
tumor tissues. On the other hand, N-aspartyl chlorin-e6
(NPe6), which is a hydrophilic chlorin photosensitizer,
mainly binds to albumin (80%) and HDL (19%), but only
1% of the sensitizer binds to LDL." Therefore, the cellu-
lar uptake mechanism of NPe6 can not be explained in
terms of the LDL receptor-mediated pathway and its
mechanism of tumor-accumulation remains unclear.

Severa studies have demonstrated that ATX-S10(Na) is
selectively accumulated in tumor tissues in experimental
animals.>? To clarify the cellular uptake mechanism of
ATX-S10(Na), we firstly investigated plasma protein bind-
ing of ATX-S10(Na). As shown in Table I, most of the
ATX-S10(Na) bound to plasma proteins in vitro. When 5
mg/kg of ATX-S10(Na), which is an effective dose in
tumor-bearing mice® is intravenousy administered in
experimental animals, the maximal plasma concentration
of ATX-S10(Na) is about 100 ug/ml (unpublished results).
Within 15 min, the concentration decreases to about 50
ug/ml owing to tissue-distribution and excretion. There-
fore, it is suggested that, after systemic administration of
ATX-S10(Na) at an effective dose, most of the ATX-
S10(Na) in blood may bind to plasma proteins, especially
to HDL and serum abumin in vivo.

When protein-bound ATX-S10(Na) reaches tumor tis-
sues, a part of the ATX-S10(Na) may be released as the
free form and be incorporated into cells partly by endocy-
tosis. Other possible uptake mechanisms of ATX-S10(Na),
such as a transporter-mediated pathway, remain to be fully
investigated. As shown in Table IV, however, ATX-
S10(Na) uptake was not related to sodium-potassium
pump activity, sodium-dependent transporter activity, mito-
chondrial oxidative respiration, organic anion transporter
activity or aspartic acid transporter activity. The finding
that some ATX-S10(Na) was detected in cells chilled

Plasma Protein Binding of ATX-S10(Na)

to 4°C suggests that ATX-S10(Na) can associate with
cell-surface proteins, such as a transporter, or lipids in
the plasma membrane. The low affinity of ATX-S10(Na)
for LDL indicates that the LDL receptor-mediated endo-
cytic pathway may play only a minor role in uptake
of ATX-S10(Na). Whether ATX-S10(Na) is incorporated
by receptor-mediated endocytosis or by fluid phase endo-
cytosis (pinocytosis), what kinds of transporters, if any,
are concerned with ATX-S10(Na) uptake, and its tumor-
localizing mechanism remain as problems for further inves-
tigations.

The subcellular distribution pattern of fluorescence of
ATX-S10(Na) coincided with that of Nile Blue A, suggest-
ing that ATX-S10(Na) is mainly accumulated in lyso-
somes. This result is consistent with the idea that ATX-
S10(Na) is incorporated partly by endocytosis. However,
electron microscopic observation of tumor cells after in-
vitro PDT using ATX-S10(Na) revealed that many
organelles such as mitochondria, Golgi complex, endo-
plasmic reticulum, ribosomes and plasma membrane were
also affected within 45 min after PDT (Table V). These
results suggest that ATX-S10(Na) may be mainly localized
in lysosomes, but is aso widely distributed to many
organelles within the cell. NPe6 and chloro-aluminum sul-
fonated phthalocyanine have been reported to be incorpo-
rated by endocytosis and localized in only lysosomes.*
On the other hand, porfimer sodium is mainly localized in
mitochondria, because it can enter cells not only by
endocytosis, but aso by simple diffusion across the
plasma membrane.® Such a difference in cellular uptake
is thought to be due to the difference in the chemical prop-
erties of the sensitizers. Hydrophilic sensitizers such as
NPe6 can not diffuse across the cell membrane, whereas
lipophilic sensitizers such as porfimer sodium can diffuse
across the membrane. The chemical structure and proper-
ties of ATX-S10(Na) are similar to those of NPe6. How-
ever, the mode of cellular destruction by ATX-S10(Na) is
different from that of NPe6, which primarily destroys only
lysosomes and has no effect on other organelles even 2 h
after PDT.?® We speculate that there may be some ATX-
S10(Na)-specific distribution mechanisms in the cell.

In conclusion, ATX-S10(Na) mainly bound to serum
abumin and HDL in plasma, and the free form of ATX-
S10(Na) was incorporated into cells partly via the endo-
cytic pathway. Cellularly incorporated ATX-S10(Na) was
distributed not only to lysosomes, but also to many organelles,
so that tumor destruction was rapidly induced in vitro.
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