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Characterization of F-actin depolymerization as a major toxic event
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Abstract

Pectenotoxins are a group of marine toxins produced by dinoflagellates and formerly included within the group of diarrhetic shellfish
poison or toxins (DSP or DST) because of their physico-chemical properties. However, toxicological data on pectenotoxins are still very
scarce and its mechanism of action is largely unknown, but toxicity in laboratory animals has been demonstrated by intraperitoneal
injection. In this report, we present results of in vitro toxicological assessment of pectenotoxin-6, a derivative of the parental toxin
pectenotoxin-2 first isolated from toxic scallops. Results obtained demonstrate an specific time- and dose-dependent depolymerization of
F-actin in neuroblastoma cells exposed to pectenotoxin-6 (half-maximal effect about 700 nM at 24 hr). The change in the state of
polymerization of actin was not accompanied by other major effects on specific signal transduction pathways or cell survival rate.
Pectenotoxin-6 does not modify cytosolic calcium levels either in a calcium containing or calcium-free medium in human lymphocytes.
Only when capacitative calcium influx was first activated, the toxin addition significantly decreased the following calcium influx. In these
cells, pectenotoxin-6 only modifies cAMP (adenosine 3',5'-cyclic monophosphate) levels in calcium-free conditions. In addition, no effect
on cell attachment or apoptosis induction was observed at micromolar concentrations of pectenotoxin-6. Therefore, we conclude that
cytoskeletal disruption is a key mechanism of PTX6-induced toxicity in eukaryotic cells. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction toxins (okadaic acid, dinophysistoxins) from contaminated

shellfish. Actually, eight different PTXs (PTX1 to 7 and

Pectenotoxins (PTXs) are a group of cyclic polyether
macrolide compounds from marine origin first isolated
from toxic shellfish by Yasumoto et al. [1]. PTXs have
been classically included within DSP (diarrhetic shellfish
poison) because of their phytoplanktonic origin and lipo-
philic nature, thus, being co-extracted with diarrhogenic

“Corresponding author. Tel.: +34-986469303; fax: +34-986469269.

E-mail address: fleira@anfaco.es (F. Leira).

Abbreviations: DSP, diarrhetic shellfish poison; PTXs, pectenotoxins;
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EDTA, ethylenediaminetetracetic acid; SDS-PAGE, sodium dodecyl
sulfate—polyacrilamide gel electrophoresis; PBS, phosphate buffered
saline; cAMP, adenosine 3',5'-cyclic monophosphate.

PTX10) [2] and two new derivatives of PTX2 (PTX2 seco-
acid and 7-epi-PTX2 seco-acid) [3] have been described
and characterized mainly in shellfish. PTX2 is suspected to
be the precursor toxin of the whole PTXs through bio-
transformation processes which take place in the digestive
glands of bivalves.

During last years, PTXs have been isolated from shell-
fish of different culture areas in Europe, Asia and Oceania
[4-6], thus, raising an increasing concern in Public Health
authorities. In addition, a debate on the convenience of
keeping PTXs within DSP has began since PTXs do not
inhibit protein phosphatases nor induce diarrhea in mam-
mals [7,8]. However, toxicological data are very scarce and
further studies on the effects of PTXs are urgently required.
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Most toxicological data available on PTXs (both in vivo
and in vitro) have been obtained with PTX1, showing liver
damage following intraperitoneal injection in mice [8] and
morphological changes in freshly prepared hepatocytes
[9,10]. In addition, LDs( values in mice have been obtained
for most PTXs, revealing the highest lethality for PTX2
[3,11], which further supports the hypothesis of PTX2 as
the parental compound of PTX group. Thus, successive
oxidation of substituent in C18 in the digestive glands of
bivalves would diminish the toxicity of PTXs. Additional
data obtained with PTX1 showed no antibacterial or anti-
fungal activity for this toxin [12], although its physico-
chemical structure is similar to that of the polyether
macrolide goniodomin A, a highly potent antifungal com-
pound. PTX2 has been proven to induce lethality of brine
shrimp (Artemia salina), as well as cytotoxic activity
against several human cell lines, although significant dif-
ferences were observed in the relative Lcsq values obtained
for each of them [13].

Apoptosis induction by PTXs has already been studied
since apoptosis or programmed cell death is a common
event in cells exposed to lipophilic phycotoxins [14—19].
Primary cultures of rat and salmon hepatocytes exposed to
PTX1 in the micromolar range showed rapid apoptotic
changes [20], but no further studies concerning apoptotic
activity of PTXs have been carried out in human cells. No
additional data are available on acute and chronic effects of
PTXs, and the mechanism of action of these toxins is
currently unknown.

In this work, we present results obtained on in vitro
toxicological evaluation of PTX6, an acidic PTX isolated
from toxic scallops [11]. A wide array of morphological
and biochemical indicators of toxicity have been assessed
in different eukaryotic cells in order to obtain relevant
information on the mechanism of action of PTX6. Key
experiments have been confined to the most relevant cell
lines due to the tiny amounts of pure toxin available. We
demonstrate that PTX6 induces an specific time- and dose-
dependent depolymerization of F-actin in neuroblastoma
cells exposed to micromolar concentrations of PTX6. The
change in the state of polymerization of actin was not
accompanied by other major effects on specific signal
transduction pathways or cell survival rate, thus, suggest-
ing that cytoskeletal disruption is a key mechanism of
PTX6-induced toxicity.

2. Materials and methods
2.1. Materials

Peroxydase-linked anti-rabbit Ig antibodies, and the
enhanced chemiluminescence (ECL) detection reagents
were from Amersham Biosciences. Prestained molecular
mass markers, and monoclonal anti-actin antibody from
mouse were obtained from Sigma. The nitrocellulose

membrane Protran B83 was obtained from Schleicher &
Schuell. Thapsigargin, ionomycin and forskolin were from
Alexis Corporation. FURA-2 AM, FICRhR (recombinant
fluorescein-and rhodamine-labeled protein kinase A) and
Influx™ Pinocytic Cell-Loading Reagent were from
Molecular Probes. Ethilen-glicol-bis(B-aminoethylether)
N,N,N',N'-tetracetic acid (EGTA) and ethylenediaminete-
tracetic acid (EDTA), were from Sigma. Percoll™ was
from Pharmacia. The purification of PTX6 has been carried
out as previously described [21], and the purity of the
compound was confirmed by high performance liquid
chromatography and spectral data [22]. All other reagents
were of analytical grade.

2.2. Cell culture

Neuroblastoma cell line BE(2)-M17 (ATCC Number
CRL-2267) was purchased from the European Collection
of Cell Cultures and seeded in 25 cm? flasks at a seeding
density of 4 x 10* cells/cm”. Cells were cultured on Ear-
le’s modified Eagle’s medium (EMEM): Ham’s F12 (1:1)
with 2 mM glutamine, 1% non-essential amino acids, 15%
fetal bovine serum, 50 mg/L gentamycin and 50 pg/L
amphotericine B (Biochrom KG) at 37°/5% CO, until
70-90% confluence was reached. For microplate assays,
the cells were seeded in 96-well microtiter plates at a
density of 2500 cells/well. Following an additional incu-
bation of 48 hr, cells grown in microtiter plates were used
for fluorimetric microplate assays.

HeLa S5 cells were grown as small clumps attached to
Petri dishes (90 mm diameter) in 5% carbon dioxide in air
at 37°, with a culture medium composed of RPMI (Roswell
Park Memorial Institute) 1640, containing 5% fetal calf
serum, as previously described [19]. MCF-7 cells were
grown in 5% carbon dioxide in air at 37°, in 90 mm
diameter Petri dishes, with a culture medium composed
of Dulbecco’s modified Eagle medium, containing 1%
nonessential amino acids and 10% fetal calf serum, as
previously described [19].

2.3. F-actin assay

Quantitative analysis of F-actin pools was carried out
as previously described [23] using Oregon Green™514-
Phalloidin (Molecular Probes Inc.) to label F-actin. Tri-
plicate analysis of F-actin levels were done in cells exposed
for 1, 6, 24 and 48 hr to 1-10* nM PTX6.

2.4. Cell proliferation/cell attachment

The effect of PTX6 on cell proliferation was evaluated in
triplicate with the CyQuant™Cell proliferation assay kit
(Molecular Probes Inc.) as previously described [18]. Cells
were incubated for 1, 24 and 48 hr with 1-10* nM PTX6
and then centrifuged (3900 rpm/5 min) to prevent a pos-
sible effect of cell detachment in the assay. Attachment of
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cells to the ECM was evaluated using the same procedure
in cells incubated for 24 hr with PTX6 in triplicate experi-
ments, but avoiding the centrifugation step in order to
remove non-adherent cells from the plate.

2.5. Mitochondrial membrane potential

Changes in mitochondrial membrane potential were
evaluated with the mitochondria-selective fluorescent
probe MitoTrackerRed-CMXRos (Molecular Probes
Inc.). The procedure used was exactly as previously
described [18] and results were expressed as percentage
of values corresponding to controls of triplicate experi-
ments in cells exposed for 1-48 hr to 1-10* nM PTX6.

2.6. Fractionation of proteins by sodium dodecyl
sulfate—polyacrylamide gel electrophoresis and
immunoblotting (SDS—-PAGE)

Cells were washed three times with 20 mM PBS, and
lysed by addition of 20 mM Tris—HCI, pH 7.5 at 2°, | mM
EDTA and 2% SDS. Cytosoluble extracts were then
obtained by centrifugation for 30 min at 16,000 g. The
supernatants of this centrifugation were used for colori-
metric determinations of protein content, with bicincho-
ninic acid [24], and then brought to 2% SDS and 5% (-
mercaptoethanol, to be used for fractionation by SDS—
PAGE.

Samples containing the same amounts of protein were
fractionated by SDS-PAGE, according to Laemmli [25],
using 10% separating gels and a 3% stacking gel. After
completion of electrophoresis, proteins were electrophor-
etically transferred onto a nitrocellulose membrane (Pro-
tran B83), and binding sites remaining on the membrane
were blocked by incubation of blots for 1 hr at room
temperature with 20 mM Tris-HCl, pH 7.5 at 25°,
0.15 M Na(Cl, and 0.05% (v/v) Tween 20 (immunoblotting
buffer) containing 3% non-fat dry milk. Membranes were
then incubated for 1 hr at room temperature with immu-
noblotting buffer containing 1% non-fat dry milk and anti-
actin antibody at a final 1:250 dilution. After incubation,
membranes were washed five times with immunoblotting
buffer, and incubated for 1 hr at room temperature with a
peroxydase-linked secondary antibody at a 1:3000 dilution
in immunoblotting buffer containing 1% non-fat dry milk.
After washing, the membrane was developed by the ECL
detection system.

2.7. Fluorescent labeling of actin

Selective labeling of F- and G-actin was carried out in
cells grown on glass culture slides at 60—70% confluence.
Cells were washed with prewarmed PBS (Sigma—Aldrich)
pH 7.4 and then fixed for 15 min in 3.7% formaldehyde
solution (Sigma—Aldrich) in PBS. After washing twice
with PBS, cells were permeabilized for 15 min with

0.1% Triton®X-100 (Sigma—Aldrich) in PBS and then
washed once with PBS. Fixed cells were pre-incubated
with 1% bovine serum albumin (RIA grade, Sigma—
Aldrich) in PBS for 30 min to reduce non-specific staining,
and then F-/G-actin were specifically labeled with Oregon
Green™514-phalloidin and Texas Red-DNAse I (Molecu-
lar Probes Inc.) by incubating for 30 min in the dark at
room temperature. Finally, the slides were washed twice
with PBS and coverslips were mounted with 10 uL. mount-
ing media and sealed with nail polish. Specimens were
observed in a confocal Nikon Eclipse 800 microscope
equipped with Ar:Kr laser, MRC-1024 software (Bio-
Rad), Plan Apo 40/Plan Apo 60 objectives and an epi-
fluorescence module with B2A/G2A filters.

2.8. Human lymphocytes isolation

The effect of PTX6 on cytosolic calcium and cAMP
levels was evaluated in human lymphocytes in order to
obtain information pertaining to healthy donors, which is
more useful than that obtained in neoplastic cells. Periph-
eral human lymphocytes were isolated from heparinized
blood extracted from healthy donors diluted 1:1 with PBS
plus EDTA 2 mM by centrifugation through 57.5% iso-
tonic percoll. Percoll was eliminated by washing three
times with PBS plus EDTA 2 mM at 400 g for 5 min.
Lymphocytes purity was always higher than 80%.

2.9. Measurement of cytosolic free calcium:
image processing

Purified lymphocytes were loaded with Fura-2 AM
(2 uM) for 10 min at 37°. Loaded cells were washed three
times (400 g/2 min) and allowed to attach to poly-L-lysine-
coated 22-mm glass coverslips for 10 min. The glass
coverslips were inserted into a thermostated chamber
(IntraCell) and cells were viewed with a Nikon Diaphot
200 microscope equipped with epifluorescence optics
(Nikon 40X-immersion UV-Fluor objective). The light
source was a 175 W xenon lamp, and light reached the
objective with optic fiber. The chamber was used in the
open bath configuration and additions made by aspiration
and addition of fresh bathing solution. Intracellular cal-
cium concentration was obtained from the images col-
lected by dual excitation fluorescence, 340, 380 and
505 nm fluorescence emission for FURA with a Life
Science Resource equipment. Intracellular calcium was
calculated by using the method of Grynkiewicz et al. [26].

2.10. Measurement of intracellular cAMP levels:
image processing

Purified lymphocytes were loaded with FICRhR by the
following protocol: 10 pL of Hypertonic Loading Medium
(Influx™ pinocytic cell-Loading Reagent) containing
0.4 uL of FICRhR were added to 300,000 purified
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lymphocytes. After gently suspension the cells were incu-
bated for 10 min at 37°. Then 3 mL of hypotonic lysis
medium (water diluted saline solution (6:4)) were added
and incubated for 1.5 min at 37°. Loaded cells were
quickly washed three times (400 g/2 min) with saline
solution and allowed to attach to poly-L-lysine-coated
22-mm glass coverslips for 10 min. The glass coverslips
were inserted into the thermostated chamber (IntraCell)
and cells were viewed with the microscope described in
cytosolic calcium experiments. For FICRhR the excitation
wavelength was 490 and the emission 530 and 580 nm.
FICRhR is a single-excitation dual-emission dye, similar to
native protein kinase A, whose emission spectrum changes
with cAMP binding. In this way, the FICRhR 530/580
emission ratio increases upon intracellular free cAMP
concentration elevation [27]. Dibutyryl cAMP (dbcAMP)
(200 uM) was added at the end of each experiment to test
cAMP fluorosensor functionality.

2.11. Statistical analysis

All the experiments were done in triplicate and results
were analyzed using the Student’s #-test for unpaired data
followed by pair-wise comparisons using the Mann—Whit-
ney U-test. A probability level of 0.05 was used for
statistical significance.

3. Results
3.1. Effect of PTX6 on F-actin cytoskeleton

Changes on F-actin have been evaluated since it is
known that the actin cytoskeleton is targeted by several
marine natural compounds including PTX2 [28]. As
expected, neuroblastoma cells showed rapid morphologi-
cal changes in response to PTX6. Results obtained by
fluorimetric microplate assay (Fig. 1) demonstrated a time-
and dose-dependent disruption of F-actin cytoskeleton in
BE(2)-M17 cells exposed to PTX6 for 1-48 hr (half-max-
imal effect about 700 nM at 24 hr). Significant differences
with controls were obtained in all cases at concentrations
higher than 1 pM, and complete depolymerization of F-
actin was observed after 6 hr incubation with 10 pM PTX6.
Interestingly, these changes on F-actin cytoskeleton did not
affect the attachment of cells to the extracellular matrix
(ECM) as determined by fluorimetric microplate assay. As
shown in Fig. 2, no cell detachment was observed at PTX6
concentrations inducing a complete disruption of F-actin
structure in the cells.

In spite of decreased F-actin levels observed in response
to PTX6, the total amount of actin remained unchanged in
the cells, such as demonstrated by Western blot analysis of
crude cytosolic extracts obtained from PTX6-treated and
control cells (Fig. 3). Indeed, fluorimetric labeling revealed
the loss of F-actin but increased G-actin staining in PTX6-
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Fig. 1. Fluorimetric microplate analysis of F-actin levels in BE(2)-M17
cells incubated for 1-48 hr with 1-10* nM PTX6 (average & SD; N = 3).
Results are expressed as percentage of Oregon Green™514-Phalloidin
relative fluorescence with respect to control (untreated) cells. “P < 0.05.

treated cells when compared to controls (Fig. 4A-D).
These results further suggest an effect of PTX6 on the
polymerization state of actin rather than a change affecting
the protein itself. In addition, Western blot analysis of
PTX6-treated MCF-7 and HeLa cells did not either show
significant changes in the total amount of actin (data not
shown).

3.2. Evaluation of apoptotic activity

The ability of PTX6 to induce apoptosis in vitro was
evaluated by measuring changes in mitochondrial mem-
brane potential, which is a common event in the apoptotic
process induced by many different xenobiotics [29,30]. As
shown in Fig. 5, PTX6 does not induce the collapse of
mitochondrial membrane potential characteristic of apop-
totic cells through the whole range tested (1-48 hr), thus
likely indicating that apoptosis is not the major mechanism
of PTX6-mediated toxicity. Therefore, apoptogenic activ-
ity of PTX6 could not be demonstrated in BE(2)-M17 cells
at concentrations ranging from 1 nM to 10 pM, not show-
ing significant differences in the values for mitochondrial
membrane potential when compared to controls.

3.3. Effect on cell proliferation

The effect of PTX6 on cell proliferation was evaluated
by fluorimetric microplate analysis of total DNA content in
cells exposed for 1-48 hr at 1-10* nM PTX6. Results
obtained in BE(2)-M17 cells did not significantly differ
from controls (Fig. 6), thus indicating a negligible effect of
PTX6 on cell proliferation. Similar results were obtained
for HeLa and MCF-7 cells cultured in larger volumes,
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Fig. 2. Results of the cell adhesion assay in BE(2)-M17 cells incubated for 24 hr with PTX6 (50-10* nM) (average £ SD; N = 3). Results are expressed as
percentage of CyQuantGR-induced fluorescence in adherent cells with respect to control (untreated) cells.

which showed no significant differences in total DNA
content following 48 hr incubation at 10> to 10*nM
PTX6. Altogether, these results demonstrate that growth
inhibition is not a major outcome of PTX6-induced toxicity
in vitro.

3.4. Effect on cytosolic calcium levels

The effect of PTX6 on cytosolic calcium levels was
checked by Fura-2 experiments. PTX6 did not induce any
change in cytosolic calcium levels both in a calcium-free
or in a calcium-containing medium (data not shown).
We checked PTX6 effect on calcium influx induced by

- +

53 --

37 --

Fig. 3. Effect of PTX6 treatment of BE(2)-M17 cells on immunoreactive
actin in cytosoluble extracts. Cells were incubated at 37° for 24 hr with (+)
1 uM PTX6 or vehicle (—), as indicated, before being processed to obtain
cytosoluble extracts, which were fractionated by SDS-PAGE and
subjected to immunoblotting using anti-actin antibody. The electrophoretic
mobilities of fumarase (53 kDa) and lactic dehydrogenase (37 kDa)
subunits, used as marker proteins running in a parallel lane, are indicated
on the left.

intracellular calcium stores depletion. Fig. 7 shows cyto-
solic calcium levels in human lymphocytes in the presence
of PTX6 and thapsigargin (Th). This drug is a tumor-
promoting sesquiterpene lactone that inhibits Ca®*-
ATPase from intracellular pools [31]. When thapsigargin
is added to the cells in a calcium-free medium, a cytosolic
calcium increase takes place corresponding to the release
from intracellular pools. Then, when calcium is added back
to the extracellular medium, an important increase in
cytosolic calcium happens due to the entry from extra-
cellular medium, namely capacitative calcium influx [32].
As shown in Fig. 7A, when PTX6 is added after thapsi-
gargin treatment in a Ca>"-free medium, cytosolic calcium
is not modified; however, the influx due to calcium read-
dition is significantly reduced. On the contrary, when
PTXG6 is added before thapsigargin treatment, both calcium
release and calcium influx were increased (Fig. 7B).

3.5. Effect on cAMP levels

The effect of PTX6 on cAMP cytosolic levels in human
Iymphocytes is shown in Table 1. In control conditions,
that is without any toxin/drug, and after 10 min, the
increase in fluorescence dye ratio was 1.57 +£0.96. In
the presence of PTX6 no modifications on cAMP were
observed after 10 min incubation, either in a calcium
containing medium (1.28 £0.36) or after cAMP was
increased in the presence of forskolin (3.26 + 2.16). How-
ever, in a calcium-free medium a significant increase in
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(A) (B)
(C) (D)
Fig. 4. Fluorescent labeling of F-actin (A, B) and G-actin (C, D) in control (A, C) or PTX6-treated (4, 4) BE(2)-M17 cells. Neuroblastoma cells grown in cell

culture slides were exposed to 10* nM PTX6 for 24 hr and F-/G-actin were stained as detailed in Section 2. Photographs included are representative of three
independent experiments.

fluorescence dye ratio was observed (5.53 £ 0.53) which interest for both shellfish producers and Public Health
means an increase in cAMP levels. authorities. However, toxicological data on PTXs are still
very scarce and its mechanism of action is currently
unknown. In this report, we present the first data on

4. Discussion cytotoxic activity of PTX6, a member of PTX group
isolated from toxic scallops [11]. Results reported in this
During last years, PTXs have been reported in shellfish work provide initial evidence of the mechanism of toxicity
from different countries [4-6], thus, gaining an increasing and active concentrations of PTX6 in eukaryotic cells.
Table 1

Increase in FICRhR emission ration (%) after 10 min (control), after 10 min in the presence of 1 uM PTX6 in a Ca*"-containing solution, after 10 min in the
presence of 1 uM PTX6 in a Ca®"-free medium, and after 10 min in the presence of 1 uM PTX6 when cAMP were previously increased (9.34 -+ 2.09) by
30 uM forskolin preincubation

Control PTX6 in PTX6 in PTX6 after
Ca*"-containing medium Ca*"-free medium cAMP increase

cAMP increases 1.57 £ 0.96 1.28 £+ 0.36 553 +0.53 3.26 + 2.16
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Fig. 5. Changes in mitochondrial membrane potential of BE(2)-M17 cells
incubated for 1-48 hr with 1-10*nM PTX6 (average £ SD; N = 3).
Results are expressed as percentage of Mitotracker®Red CMXRos-
retained fluorescence in PTX6-treated cells with respect to controls.

We have demonstrated that F-actin cytoskeleton is a
selective target for PTX6 in vitro, inducing a time- and
dose-dependent change in the polymerization state of
actin. These results agree with previous reports [23,28],
indicating that the actin cytoskeleton is the target of an
increasing number of marine natural drugs which disrupt
the organization of F-actin. Furthermore, PTX2 has
already been reported to induce a collapse of F-actin
bundles in NRK-52E cells following 1 hr exposure at
12.5 nM, which is also accompanied by increased staining
of monomeric G-actin [28]. Those results fully agree with
our data concerning PTX6, and strongly suggest that

1985

different PTX share a common mechanism of action but
differ in their relative potency. Indeed, PTX6-induced dis-
ruption of F-actin cytoskeleton was observed at higher
doses than those reported for PTX2, which agrees with
previous data on mouse lethality for these toxins [3,11],
thus, also supporting the hypothesis of PTX2 as the
parental and most toxic compound of the PTX group.

The specificity of PTX6 causing cytoskeletal changes is
also supported by previous observations [8] following
intraperitoneal injection of PTXs in mice. That study
demonstrated vacuole formation in the liver similar to
those caused by phalloidin, a known actin-disrupting cyclic
oligopeptide [33]. Furthermore, in vitro primary cultures of
hepatocytes exposed to PTX1 also showed morphological
changes, disruption of stress fibers and accumulation of
actin at the cellular peripheries [10], thus, highlighting the
role of cytoskeletal changes in the mechanism of toxicity
of PTXs.

The actin cytoskeleton can be considered as a highly
dynamic structure, and a huge amount of works demon-
strate its key role in signal transduction and other regula-
tory pathways within eukaryotic cells [34]. As mentioned
above, the actin cytoskeleton is affected by several marine
natural compounds such as okadaic acid [23,35,36],
another lipophilic phycotoxin which has been classically
included with PTXs in the DSP group. However, F-actin
disruption induced by okadaic acid in neuroblastoma cells
is accompanied by marked changes which include cell
detachment, collapse of mitochondrial membrane potential
and, finally, apoptosis [37]. By contrast, results obtained in
this work provide evidence that cytoskeletal disruption
induced by PTX6 does not involve changes in mitochon-
drial membrane potential, total DNA content or cell attach-
ment to the ECM. Both decreased DNA levels and loss of
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Fig. 6. Effect of PTX6 on cell proliferation rate in eukaryotic cells. BE(2)-

M17) or 24 hr (MCF-7; HeLa S3) and total nucleic acids were measured as
obtained with respect to control (untreated) cells.

M17 or MCF-7/HeLa S3 (inset) cells were exposed to PTX6 for 1-48 hr (BE(2)-
described in Section 2. Results are expressed as percentage of fluorimetric values
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Fig. 7. Effect of PTX6 on cytosolic calcium levels in human lymphocytes in the presence of thapsigargin. Lymphocytes attached to coverslips were bath by a
Ca*"-free solution. (A) 0.5 uM thapsigargin was added before 1 pM PTX6. (B) 1 uM PTX6 was added before 0.5 uM thapsigargin.

mitochondrial membrane potential are common events in
the execution phase of apoptosis [30,38—41], thus, indicat-
ing that apoptosis is not a major outcome of PTX6-induced
toxicity in vitro. The specificity of cytoskeletal changes in
PTX6-treated cells should therefore be considered since no
major toxic events have been identified in the cells.
These cytoskeletal changes are accompanied with
changes in cytosolic calcium and cAMP. Calcium data
show that PTX6 inhibits capacitative calcium influx only
when this influx is previously activated, while the toxin
alone does not have any direct effect on cytosolic calcium.
That is, only when the ionic channel is open the toxin
inhibits the entry. The increase in calcium influx observed
when PTX6 is added before thapsigargin might be due to a
larger pool depletion in the presence of both drugs. Only

when calcium is not present in the extracellular medium
PTX6 does induce changes in cAMP levels. This effect
might be caused by the inhibition of some calcium-depen-
dent phosphodiesterase [42]. Also, the effect in cAMP
levels in a calcium-free medium can be caused by the
inactivation of some membrane inhibitory mechanism that
prevents PTX6 effect on cAMP when calcium is present. In
this sense, the regulation of adenyl cyclase, the main
mechanism that synthesizes cAMP in cells, can be induced
by calcium, even this effect is dependent on cytosolic
calcium [43] and, as we show, PTX6 does not modify
intracellular calcium levels.

In summary, we conclude that PTX6 exerts its toxic
activity through specific disruption of F-actin cytoskeleton,
which is not accompanied by other major changes in
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neuroblastoma cells. In addition, in human lymphocytes
this toxin induces an inhibition of capacitative calcium
influx and an increase in cAMP levels. The precise
mechanism of PTX6-induced depolymerization of the
actin cytoskeleton, as well as downstream signal transduc-
tion pathways affected by this toxin should therefore be
studied in order to elucidate the molecular basis of its
toxicity.
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