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Abstract — Thein vitro biological response to fluoro-edenite (FE) fibras,asbestos-like amphibole, was evaluated in lung
alveolar epithelial A549, mesothelial MeT-5A andnmooyte-macrophage J774 cell lines. The minerableas found in the
vicinity of the town of Biancavilla (Catania, Sicilyvhere an abnormal incidence of mesothelioma leas llocumented.
Cell motility, distribution of polymerized actin, drsynthesis of vascular endothelial growth fa€@EGF) and of [3-catenin,
critical parameters for tumour development, progimsand survival, were investigated in A549 andTNB& cells exposed
to 50ug/ml FE fibres for 24 hr and 48 hr. The levels pélooxygenase (COX-2) and prostaglandin (RGEvo molecules
involved in cancer pathogenesis by affecting mitagés, cell adhesion, immune surveillance and asoptwere measured
in J774 cells treated with FE fibres under the saxmerimental conditions. Finally, FE fibres wetedsed by SEM and
EDS analysis to investigate their chemical compmsit Exposure of A549 and MeT-5A cells to FE fibraBected
differentially phalloidin-stained cytoplasmic F-achetworks, cell motility and VEGF arfidcatenin expression according to
the different sensitivity of the two cell lines. J774 cells it induced a significant increase in CD#¥xpression, as assessed
by Western blot analysis, and in the concentratbRGE, measured in culture media by ELISA. SEM-EDS itigagions
demonstrated two types of FE fibres, edenite amatd-edenite, differing in chemical composition duath recognizable as
calcic amphiboles. Fibre width ranged from lesstigum (prevalently 0.5um) to 2-3um (edenite) up to severam
(fluoro-edenite); length ranged from about 6 to,80 (edenite) up to some hundrgth (fluoro-edenite). Results provide
convincing evidence that FE fibres are capablendficingin vitro functional modifications in a number of parameteith
crucial roles in cancer development and progresdidmaled FE fibres have the potential to inducesotieelioma, even
though their ability to penetrate lung alveoli dege on their aerodynamic diameter.

Key words: Amphibole fibres, Fluoro-edenite, Lung cancer,|@ahsformation, In vitro culture, VEGF, R-catenkactin.

the residents of Biancavilla diagnosed with the
INTRODUCTION disease had been occupationally exposed to
mineral fibres. A possible cause was discovered

The abnormal incidence of pleuralin the course of a periodic epidemiological

mesothelioma recorded among the inhabitants 8¢rveillance programme, conducted in every
Biancavilla (Catania, eastern Sicily, Italy) hadt@lian municipality by the Italian lstituto
recently been linked to environmental exposurgupPeriore di Sanita, in the material extracted

to respirable mineral fibres. However, none of ~from the local quarries found on M. Calvario, on
the south-western side of the Etna volcano (27).

Abbreviations: CNMMN , Commission on New Minerals 1he stone, used locally as building materi_a_l until
and Mineral Names;COX-2, cyclooxygenase:2 EDS, a few years ago, contains large quantities of
energy dispersive X-ray spectroscofs, fluoro-edenite; f|yoro-edenite (FE), an amphibole with a

mz;’igé(‘l}SG'S‘ifrgeégy'tg'rié?;;gr?&fﬁ: ‘gpge(;‘é'tela;g?\}*e prismatic, acircular fibrous habit similar to that
oxygen species:SEM, scanning electron microscope; Of amphibole asbestos. The high incidence of

VEGF, vascular endothelial growth factor malignant mesothelioma in the area of
Biancavilla was ascribed to breathing airborne
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fiborous FE from building materials, as inMesothelial cells are cells whose transformation
occupational exposure to asbestos (26pads to mesothelioma, so they are suitable for
Mesothelioma is relatively infrequent comparedetermining the direct effects of fibres. Alveolar
to other tumours, such as breast, prostatmacrophages are the first defence mechanism
colorectal and renal cell carcinoma, but carriesagainst particles and fibres entering the lower
poor prognosis and is considered an asbestwoespiratory tract. Their interaction with the fibre
related condition (4, 17, 18, 33). results in generation of oxidants, inflammatory
Recently, the Commission on Newcytokines and growth factors that are believed to
Minerals and Mineral Names (CNMMN) hasplay critical roles in fibre-induced diseases. The
recognized FE as a new edenite end-membeell lines used inn vitro studies (14) usually
(17). To date, its correlation with tumourderive from human lung tumours (e.g. A549
processes has been explored in a small numbercells), from spontaneously immortalized cells, or
epidemiological, experimental andn vitro from cells transfected with viral oncoproteins
studies (33). The poor outcome of malignarie.g., MeT-5A), which may alter their genotoxic,
mesothelioma could be related, among othapoptotic, or proliferative responses.
factors, to a) the difficulty in characterizing Icel Given that tumour development and
markers for neoplastic transformation afteprogression are largely dependent on cell
asbestos exposure, and b) the uncertainty asnotility, we investigated the distribution of
which asbestos species poses the highest riplolymerized actin in A549 and MeT-5A cells
albeit crocidolite currently appears to be the mostxposed to FE fibres (7). In these same cells we
dangerous (4, 19, 24). Further information on FEested the effect of FE exposure on the synthesis
is thus required, on the salient aspects of itf vascular endothelial growth factqv/EGF)
toxicity and its role in neoplastic celland B-catenin, two critical steps of epithelial cel
transformation. activation pathways. VEGF has an important role
There is a well-established functionabecause blood vessels are critical for tumour
relationship between inflammation and cancer (survival: without new blood vessels a carcinoma
28), with cancer frequently arising in areas ofannot grow beyond a very small size, nor can it
chronic inflammation. Inflammatory cells canmetastasize to distant organs (5). The action of 3-
promote cancer by secreting cytokines anchtenin is another significant step in neoplastic
growth factors that stimulate epithelialtransformation, since activation of the Wnt-R3-
proliferation and generate oxygen free radicalsatenin pathway is a signalling cascade closely
(ROS), which can cause DNA damage (4, 25volved in the activation of transcription
Epithelial cells are also involved in thisprocesses during cancer development (3).
inflammatory  cross-talk through autocrine We also investigated the expression of
production of growth factors and a redistributiorryclooxygenase (COX-2) and prostaglandin
of cytoskeletal molecules that result in impairedPGE,) levels in FE-exposed J774 monocyte-
intercellular relationships in tissues. Cell cuttur macrophage cells. Alveolar macrophages play a
experiments are therefore still essential toritical role in the fibrotic process involved in
studying specific cell steps in the malignansilicosis and in several other lung diseases (32).
transformation of lung cells. They are key mediators in the interaction
Recentin vitro investigations show that between inhaled particulate and various cell
FE induces marked tropism, cell cyclaypes, e.g. lymphocytes and fibroblasts, by the
perturbation and increased release aklease of a variety of inflammatory and growth-
proinflammatory IL-6 cytokines in alveolar mediating factors, as well as cytokines (21).
epithelial A549 cells (33). COX-2, an enzyme that catalyses the conversion
For the present study we used A54%f arachidonic acid to prostaglandins (PGs), is
MeT-5A and J774 cells (respectively humamainly induced in response to proinflammatory
pulmonary type ll-like epithelial cancer, humarstimuli, cytokines, growth factors and mitogens.
pleural mesothelial and mouse monocyteFhe enzyme is upregulated in several human
macrophage cell lines), which are commonlyumours associated with increased production of
used to assess the degree of cytotoxicity &fGs, which have a large role in cancer
various silica dusts (14). Epithelial cells argathogenesis since they affect mitogenesis, cell
involved in proinflammatory effects and are thedhesion, immune surveillance and apoptosis.
cells of origin of bronchogenic carcinoma; theyroducts of arachidonic acid metabolism are thus
can thus be used to test both end pointstitical participants in the development of
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inflammatory responses after infection or tissueerformed to assess cell viability through mitooths
injury. Prostaglandin £(PGE) is one of the succinate dehydrogenase enzyme activity.

. . . Cells seeded in 24-well plates at a density of
most thoroughly studied mediators of this, 5, dcelis/cn? in DMEM were exposed to FE a few hours

process (13). after seeding, in order to favour adhesion to thessate, by
Finally, the chemical components of the24 and 48 hr incubation with the fibres (50 pg/neldium).
FE fibres used in the tests were studied by SE(NéP_e mec/iilla“? ‘Ifqvals?)g‘gsreg:o‘fd: Slﬁ’é‘iquﬁ“?yl Zggﬂ M
: igma-Aldric , St. Louis, solution
and EDS analysis. in DMEM, without phenol red) and 1.8 ml DMEM were
added to the cell monolayer, and the plates werthet
MATERIALS AND METHODS incubated at 37°C for 3 hr. After discarding the
supernatants, the dark blue formazan crystals dissslved
by adding 2 ml of solvent (4% HCI 1N in absolute
isopropanol) and quantified spectrophotometrically
(Secomam, Anthelie light, version 3.8, Contardijyltaat
570 nm. Means and standard deviations (SD) werairodat
gom three different experiments.

Fibre characterization

Mineral fibres from a quarry on M. Calvario
(provided by A.M. Panico and V. Cardile) were studie
using a Cambridge Stereoscan 360 (UK) scanningretect
microscope (SEM) equipped with an EDS microprob
(INCA 2000 Oxford Instrument, UK). After careful maed
separation from impurities under the light micrgseoto
avoid any reduction in size, fibres were glued oato
aluminium pin stub using a conductive double-side
adhesive, and coated with a carbon film approxitmat60
A in thickness. A polished sample to obtain quatitie
chemical data could nor be prepared owing to thsiall
size (diameter < 1.5 um).

Secondary and backscattered electron images w
obtained from several fibres in order to defineRP
morphological and size characteristics. Several ayX-r
dispersive energy spectra were obtained from differ
fibres in view of their chemical characterizatiomda
identification.

Time-Lapse Microscopy
For time-lapse videomicroscopy, A549 and MeT-
A cells were seeded in 24-well plates at a densfty
x1C'cells/cnf in DMEM and RPM1 respectively,
supplemented with 10% FBS. Cells were treated ahfeuvs
after seeding, in order to favour substrate adhediy 24
and 48 hr incubation with 50 pg FE/ml medium.
ei bsequently, fibores were removed by several washes
S and cells incubated in Hepes-modified DMEM or
M1 supplemented with 10% FBS, 2 mM L-glutamine,
100 U/ml penicillin, and 100 U/ml streptomycin. Rime-
lapse recordings, cells were maintained at 37°C and
observed under an Eclipse TS-100 inverted micrascop
(Nikon, Japan) equipped with a x 10 objective arablaur
Cell cultures and treatments CCD vio!eo camergl(JVC TK9 C1381, Japan). Phase-
contrast images of living cells were recorded usingAG-

We used A549 (human alveolar epithelial cancer)l_ ; . A
: : L700 time-lapse VCR (Panasonic, Japan) and digidliz
MeT-5A (human mesothelial) and J774 (mouse monecyte sing a video frame grabber card and live cell-ceieid

macrophage) continuous cell lines, which are widel . -
employed in toxicological tests of mineral fibres, test a %ngades AE)ImE_iI_ghee -szrrr?e Eé&:if:’ fli\g(leddsla V\Z¥gerf“i:gg’ IQ)(/:

number of biological responses to FE (8, 15, 29). capturing images every 10 min for up to 24 hr word cell

A549 cells (kindly donated by D. Ghigo, t duri iorati h h i f 10
Dipartimento di Genetica, Biologia e Biochimica, Usisita movement during migration phases. € motion o
selected cells in a selected microscope figltk recorded

di Torino) were grown in controlled atmosphere (8%, and plotted. Unattached, round cells and cells diig

T=37°C) in DMEM (Sigma, Milan, Italy) supplemented”, " L . -
with 10% foetal bovine serum (FBS), 1% non-essentiaqu“ng. recording intervals were not con&dered_.gihms_ of
' cell displacement were obtained by processing edth

amino acids, 2.0 mM L-glutamine, and antibiotics.lIe - - ;
were routinely split 1:2 each week and used betvieerd" Mlcroso_ft Excel, p'OtF'”g them as Xx-y diagrams and
and 8" passage. Cells from confluent cultures were demch‘lgxpressmg them as p|>_<el tra_cks. Migrating celled_pnc_ed
with 0.25% trypsin—1 mM EDTA and seeded in DMEM inear tracks, whereas immotile cells were assedlattnth
medium. spot-llke.plxel sequences. I?Iotls were represeetaty
MeT-5A cells (obtained from American Type standardized spatial changes in time.
Culture Collection, Rockville, MD, USA) were grown in F-actin stainin
RPMI medium in the same culture conditions as A5Bc 9 .. .
J774 cells (also obtained from American Type Fluorescent  phalloidin  staining ~ was
Culture Collection) were cultured in DMEM containingperformed to localize cytoskeletal filamentous actin.
10% foetal calf serum, 4.5 g/L glucose, 1 mM sodiunff>49 and MeT-5A cells were seeded onto two-glass
pyruvate, 100 U/ml penicillin, 10ag/ml streptomycin, and Cchamberslides at a density of 3.5xiﬁe|ls/crﬁ in DMEM.
25 pg/ml fungizone (Invitrogen, UK) and incubated in 5%(:6”s were treated with 50 g FE /ml medium wherr tiea

o ; fluence and incubated for 24 hr and 48 hr. Tiveye
CO, at 37°C. The medium was changed every three da gn . ) . )
and subcultures were performed every 8-10 days. ?hen washed in PBS, fixed in 4% formaldehyde sofuin

. o . ) Py
FE exposure was by addition of ig/ml fibres to PBS for 15 min at 37°C and permeabilized in 0.5%ofri

. X-100 buffer for 15 min. After an incubation in boe
culture media for 24 and 48 hr before cell harves(B3). . A : L
Controls were the three cell lines cultured without® "M albumin/PBS at 37°C, an FITC-conjugated phiifloi

' solution (1:200 dilution in PBS) was added for 30hrat
fibres for 24 and 48 hr. 37°C. Phalloidin was then removed by washing in PB& a
samples were examined using a Nikon Eclipse E 600

Cell viability .
fluorescence microscope.

The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide] colorimetric assay Swalmmunohistochemistry
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Cell monolayers were fixed in cold acetone for 1Genzyme substrate. The plate was mixed on a mirqilate
min, permeabilized in 0.1% Triton X-100 in PBS f@ rhin  shaker for 30 min at room temperature. The reacias
and incubated overnight at 4°C with anti-VEGF (1:20Gtopped by adding 100l of 1 M sulphuric acid to each
dilution) and anti-catenin (1:100 dilution) monoclonal well. Sample optical density was measured with a
antibodies (both from Santa Cruz, CA, USA). Cells werenicroplate spectrophotometer reader (Titertek Mkéh,
then immunostained using the streptavidin-biotiropielase  Flow Laboratories, McLean, VA, USA) at. = 450 nm
technique (LSAB peroxidase kit, Dako Cytomation, avil  within 30 min.

Italy). After incubation with 3.3’-diaminobenzidiné.05 Each experiment was repeated at least three times
diaminobenzidine in 0.05 M Tris buffer, pH 7.6 ah@1% in triplicate and the mean $D was calculated for each
hydrogen peroxide), sections were counterstaineth wivalue. Statistical analysis of results was perfanusing
Mayer's haematoxylin and coverslipped with mountingStudent’s t-test and one-way ANOVA by the stataltic
medium. Immunohistochemical VEGF an@-catenin software package SYSTAT, version 9 (Systat IncariSton

expression was evaluated by light microscopy. 8thitells |, USA). A difference was considered significarit <
were counted under the light microscope in about 1.01.

fields/sample at x 200 magnification. Positive €ellere
expressed as a proportion of counted cells. RESULTS
Staining intensity was assessed using a four-point
scoring system: +- = slight staining, + = weak fataining;
++ = moderate staining; +++ = strong staining (ZWunts Fibre characterization
were performed simultaneously by two investigatotso SEM showed only fibre bundles (Fig. 1).
used a double-headed light microscope and hadr&ea®  Fihres were closely associated and parallel to the

the count of positive cells. . . .
Each experiment was performed three times infibre axis; they revealed two types of chemical

quadruplicate; the meat SD was considered for each Com_pOSition_ (@ and b), both reCOg_niza'ble as
value. All results are expressed as mean + SDefiffces ~ calcic amphiboles. The EDS spectra in Figure 2

between groups were analysed using Student's.t-test show the elemental composition of edenite (Fig.
Western blot analysis 2 a) and fluoro-edenite (Fig. 2 b).

Expression of COX-2 was evaluated in control Width varied fro_m less than 1um
and FE-treated J774 cells by Western blot analiisfly,  (mostly 0.5um) for both fibres to 2-3um for (a)
harvested cultures were washed twice with ice-d®B5, fibres up to manym for (b) fibres. These are the

collected with lysing buffer (50 mM Tris-HCI pH 7us original fibre dimensions since any
20 mM EDTA and 0.5% SDS); after 30 min on ice, they . . . ’
were homogenized and centrifuged at 13,000 x d5amin. manipulation, even with tweezers, caused a

Twenty micrograms of total protein from the surmataas deCf_eaS_e in SiZ_e, eSp_eCia"y in Width, due to
loaded per lane and separated by 10% Novex Bisgkiis longitudinal parting. This also occurs in natural
electrophoresis (NUPAGE, Invitrogen) as described bconditions, as fibres contained in outcropping

Laer_nnll (22). The separated proteins were thersteared rocks gradually become exposed due to
to nitrocellulose membranes (Invitrogen) in a wgstem.

Protein transfer was verified by staining the migitulose Weathering or to erosion caused by human
membranes with Ponceau S and the Novex Bis-Trigzigel ~ activity, like erionite fibres in central Turkey
Brillant blue R. Membranes were blocked in Tris-brefk 15)_

saline containing 0.01% Tween-20 (TBST) and 10% faon- The relative amount of the two fibre

dry milk at 4°C overnight. Primary mouse monoclonal . . -
COX-2 antibody (Cayman Chemicainn Arbor, MI, USA) ~ SPECIES varied between bundles. Their length

and rabbit polyclonalp-tubulin antibody (Sigma) were fanged from ~ 6 to 8@m for edenite and to
diluted 1:1000 in TBST and incubated for 2 hr atmoo some hundredm for fluoro-edenite.

temperature. Antibodies were detected with horsshad

peroxidase-conjugated secondary antibody using tf@e” viability

enhanced chemiluminescence detection Supersignait We C | | bsorb 0.201 +
Pico Chemiluminescent Substrate (Pierce, Rockford, IL ontrol culture absorbance was 0. -

USA). Bands were measured densitometrically; thei.007 (A549 cells) and 0.094 + 0.013 (MeT-5A
relative density was calculated based on the densithe cells) at 24 hr, and 0.764 + 0.031 and 0.119 *
a-tubulin band in each sample. Values were expressed ) 015 at 48 hr. These values were considered as
ia:]rtbelrlr:li;));.DenS|tometrlc Units (D.U.) correspondiongsignal 100% of cell vigbility _(Fig. 3). |
Incubation with FE for 24 hr yielded
PGE, determination values of 0.170 = 0.008 (or 84.57% of control
The concentration of PGEwas measured in values) in A549 cells and of 0.073 + 0.013

culture media by enzyme-linked immunosorbent ass 04) i - iabili
(ELISA) (Kit Biotrak PGE, Amersham Pharmacia Biotech,a()77'6,[r61 %) I?.I:v'e-l-—t Sﬁ- Crell.ls.bAttﬁ4 hll[ I(-:e” viability
UK) according to the manufacturer’s instructionsieBy, was thus still quite high in both cell ines.

50 ul of surnatant was dispensed into a 96-well mictpl Absorbance at 48 hr was 0.559 + 0.016

to which 50l of diluted antibody and 5@ of diluted (73.16%) in A549 cells and 0.075 = 0.010
conjugate were added. After incubation at room tnafpre  (63.02%) in MeT-5A cells. At 48 hr cell viability

for 1 hr, wells were washed 4 times with Wa§h buffeyyas  further decreased, but still partially
followed by 150 pl of room temperature-equilibrated preserved
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EHT= 15.0 KV
20.0pm F

Figure 1. Backscattered electron SEM image of fibre interghoof the two amphibole species. Dark fibrous |dage(b)
with the chemical composition of fluoro-edenite dexger and more numerous than light fibres (a)enuically
corresponding to the edenite phase.

] CTt.ond]

Full Ecalo 7228 otz Qursce: 0.00% kaV (17 ct2)

Figure 2. EDS spectra of a) edenite and b) fluoro-edenkiee§i. Different peak Mg and Ca height ratios congbadoeSi
allows to distinguish the two minerals, with F lgefound only in b).
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phalloidin cell staining was not uniform. In
treated MeT-5A cells actin staining was more
irregular in the cytoplasm and more granular than
84.57% 73.16% in the respective control cultures, also at thellev
80 +— T of the plasma membrane, suggesting altered actin

polymerization dynamics. Granular fluorescence
was also detected in treated MeT-5A cells (Fig. 5
d), thus confirming that actin does not assemble
20 +— correctly in the presence of FE.

100

80 +— DAS549
40 +— mMeT 54

Absorbance

Immunohistochemistry

VEGF and [3-catenin expression in control and

FE-exposed A549 cells at 24 and 48 hr (Fig. 6;

Tab. 1).

Figure 3. Effects of FE treatment on A549 and MeT-5A cell At 24 hr an increased number of treated

viability determined by the MTT colorimetric assg@gsting cells expressed VEGF and R-catenin, and the

mitochondrial succinate dehydrogenase aCtiVity)intenSity of staining with the two markers was
Absorbance values of control and treated cell lae24 hr

and 48 hr are mean + SD of at least three diﬁereﬁpcreased both in the cytoplasm and in the

experiments. Control cell absorbance values werentais P€ripheral mempr_anous protr_usions. At_ 48 hr
100% of cell viability. Treated cultures at 24 mda48 hr treated cells exhibited only an increased intensity

show lower though still moderate absorbance réohEt of R-catenin cytoplasmic expression.

compared with control cultures. 24 hr (Fig. 6 a-d). At this time point,
control cells displayed moderate VEGF
expression both in perinuclear zones and in

displacementscymplasm'c extensions (Fig. 6 a). Treated cells

plotted on x-y diagrams. Since cell density igxhibited more intense and diffuse cytoplasmic

microscopic fields was lower in treated culturestaining and a significantly greater number of
due to the action of the fibres, cell motility wadSitive cells than control cultures (p= 0.002),
monitored only in 5 cells. (Fig. 6 b). . :

At 24 hr motility was greater in treated ~In cor_1tro| cultures expression of_ anti 3-
A549 cultures (Fig. 4 c) than in control As4gc@tenin —antibody was focal, especially at
cells (Fig. 4 a), as shown by longer linear trackg)tercellular contacts at _the_ level of the plasma
whereas it was diminished at 48 hr, as reflectdgemprane. Irregular positivity was also observed
by shorter (spot-like) tracks related to reducefi the cytoplasm (Fig. 6 c)i-catenin-positive
spatial motion (Fig. 4 €). Similarly, cell motionCells were S|gn|f|cant.ly increased in treat_ed
in treated MeT-5A cells was considerabifultures (p=0.002) (Fig. 6 d) compared with
reduced at 24 and 48 hr (Fig. 4 d and ) compar&&erI cells, with staining being prevalently
with control MeT-5A cultures (Fig. 4 b). noted at intercellular contacts. Focal cytoplasmic

Overall, cell movement was greater irPOSitivity was also detected. o _
control MeT-5A (Fig. 4 b) than in control A549 48 hr (Fig. 6 e-h). At this time point,
cells; however, movement of MeT-5A cease§Ontol cells —exhibited ~moderate VEGF

after 24 hr incubation with FE (Fig. 4 d and f), gRositivity, mainly at the perinuclear level (Fig. 6
shown by punctiform tracks. e). Sparse dead cells were also detected. In FE-

treated cells, positivity for VEGF was similar in

F-actin staining intensity, localization (Fig. 6 f) and number of

Phalloidin staining of F-actin at 24 hr hadPositive cells. Scattered dead elements were also
a more granular appearance in treated A549 affserved.
MeT-5A cells (Fig. 5 b, d) than in the respective In control cultures expression of B3-
control cultures. In A549 cells, a tumour celcatenin was strong on the membrane at
line, expression of actin fluorescence in thétercellular contacts (Fig. 6 g), while the
control culture (Fig. 5 a) was good at both tim€ytoplasm was faintly positive. The pattern was
points and was more homogeneou5|y distribut@ﬂm”ar in treated and control ceIIs, but staining
in the cytoplasm than in control MeT-5A cells, avas slightly stronger in the cytoplasm of FE-
non-tumour cell line (Fig. 5 c). In the latter cell exposed cells (Fig. 6 h).

24h  Time points 48h

Time-Lapse Microscopy
Figure 4 shows cell
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a b
Ctrl A549 cells at 24h Ctrl MeT-5A cells at 24h
Y o 10 20 30 400 50 600 Y o 10 20 30 40 500 600 [e_cal 1
0 —e—cell 1 0+ ~m—cell 2
e cel 3 || 1907 cell 4
200 =sitll 4 || g —e—cell 5
—x—cell 5 —e—cell 6
300 —ea—cell 6 300 + ——cell 7
" ——cell 8 || | 4007 el 9
cell 9
| cell 10
50 cell 10 =
d
FE-treated A549 cells at 24h FE-treated MeT-5A cells at 24h
y 0 100 200 300 400 500 600 y 0 100 200 300 400 500 600
1] 0
100 100
——cell 1 ——cell 1
200 —m—cel 2 200 —a—cell 2
cell 3 cell 3
300 —cell 4 300 —cell 4
w0} —x—cell § 0 —x—cell 5
500 500
€ f
FE-treated A549 cells at 48h FE-treated MeT-5A cells at 48h
y 0 100 200 300 400 500 600 y 0 100 200 300 400 500 600
0 0
100 100
——cell 1 —s—cell 1
200 + —a—cel 2 200 —a—cell 2
cell 3 cell 3
%0 —ecell 4 | 30 Ccell 4
- —w—cel 5 . —x—cell 5
500
500 X

Figure 4. Time-lapse videomicroscopy recordings of A549 anelTN6A cell line motility in control (a-b) and FE4eased
(c-f) cultures at 24 hr and 48 hr. x-y plots ofl tebvements recorded by time-lapse video microscbpifE-treated cultures
only 5 representative cells were considered becalife lower cell density in these cultures inigglent areas, due to cell
loss after fibre exposure.
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Figure 5 (a-d). Fluorescence imaging of phalloidin stainiogF-actin detection in A549 and MeT-5A cells24t hr (x 400
original magnification). (a) Control A549 cell cufas: diffuse cytoplasm and membrane phalloidinngtgi (*); (b) FE-

treated A549 cells: treatment induced a more ileegand granular phalloidin staining (*) of F-actiompared with control
cultures (a); (c) Control MeT-5A cell cultures: ploalin staining (*); (d) FE-treated MeT-5A cellshalloidin staining of F-
actin (*) has a more granular appearance thanrnitralocultures (c).
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Table 1. VEGF and 3-catenin expression in control ahFE-treated A549 and Met-5A cells at 24 and 48 hr.

VEGF B3-catenin
Percentage | Staining Staining Percentage | Staining Staining
24 hr of  positive|intensity  injintensity injof  positive| intensity  in|intensity  in
cells (+ SD) |cytoplasm extensions |cells (+ SD) |cytoplasm plasma
membrane
A549 Ctrl 50+1.20 + + 25+8.0 +- +
A549 FE 70+10.15 ++ ++ 50+10.0 + T+
MeT-5A Ctrl | 50£3.25 +- +- 90+12.10 +/++ +/++
MeT-5A FE | 60+12.10 | + n 85+5.0 Y T
48 hr
A549 Ctrl 85+13.10 + +- 75+1.0 +- +
A549 FE 87+8.50 + +- 70+3.5 + ++
MeT-5A Ctrl | 35+5.0 +-/+ +- 40+2.0 + +-
MeT-5A FE 50+7.10 + +- 60+7.0 +/++ +-

Ctrl: control culture; FE: FE-treated culture.

+-: slight staining; +: focal and weak staining;: troderate staining; +++:

Values are expressed as the percentage of totaterbuoells + SD.

Statistical analysis (Student’s t-test):

VEGF+ A549 Ctrl 24 hr

B-catenin+ A549 Ctrl 24 hr

VEGF+ MeT-5A Citrl 48 hr

VS

VS

VEGF+ ABEE 24 hr:

VEGF+ Me'RF-E 48 hr:

vs B-catenin+ A549 FE 24 hr:

p=0.

002

p=0.002

p=0.005

B-catenin+ MeT-5A Ctrl 48 hr vs pB-catenin+ MeT-5A FE 48 hr: p= 0.000
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Control FE treated A549 cells
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Figure 6 (a-h). VEGF and R-catenin expression in contral BR-treated A549 cell cultures at 24 hr (a-d) 48chr (e-h).
(immunoperoxidase). (a) Control A549 cell culture24 hr: moderate VEGF expression (arrows) botpernnuclear zones
and in cytoplasmic extensions (bar = 35um); (b)tfeated A549 cell cultures at 24 hr: stronger VE&@ression with
broad cytoplasmic diffusion (arrows) compared vdgtimtrol A549 cells (a) (bar = 28um); (c) Control Abdell cultures at
24 hr: focal B-catenin expression on the plasma mane at intercellular contacts (arrows) and irl@geytoplasmic
expression (arrows) (bar = 28um); (d) FE-treated3\Bell cultures at 24 hf-catenin expression (arrows) is increased
compared with control A549 cells (c), (bar = 28u1(e); Control A549 cells at 48 hr: moderate expressioVEGF mainly
at the perinuclear level (arrows), (bar = 12um);RE-treated A549 cells at 48 hr: VEGF expressemofvs) is similar to
A549 control cultures (e), (bar = 14um); (g) Contk&l49 cells at 48 hr: 3-catenin expression (arrawgyident on the cell
membrane and faint in cytoplasm (bar = 14um); @)exposed A549 cells at 48 Iff=catenin positivity (arrows) is similar
to that noted in control cultures (g) even though less faint in the cytoplasm (bar = 12um).
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VEGF and R-catenin expression in control andecorded among the residents of Biancavilla (16,
FE-treated MeT-5A cells at 24 and 48 hr (Fig. 718, 33) mandates further study of the amphibole,
Tab. 1). especially of the salient aspects of its toxicitg a
At 24 hr, FE-treated MeT-5A cellsits role in neoplastic cell transformation. The
showed a higher expression of both VEGF and Rresent investigation was conducted on cell
catenin in the cytoplasm and plasma membrasgstems widely employed in the evaluation of
compared with controls, whereas at 48 hr theyineral fibre cytotoxicity to clarify the
displayed an increased number of cells stainingechanisms involved in  mesothelioma
for the two markers and a more intensdevelopment among the population of
expression of both molecules (greater for [Biancavilla.
catenin) only in the cytoplasmic compartment. It is well established that a) there is a
24 hr (Fig. 7 a-d). Control cells displayedfunctional relationship between inflammation
modest perinuclear and peripheral cytoplasmind cancer and that b) cancer frequently arises in
VEGF expression, (Fig. 7 a), while treated cellareas of chronic inflammation (28).
exhibited stronger VEGF expression (Fig. 7 b). Moreover, lung epithelial and
In control culturefd-catenin expression (Fig. 7 c)mesothelial cells are also known to be directly
was both in the cytoplasm and in the plasmavolved in inflammatory cross-talks via
membrane; staining was evident in treated cellgroduction of growth factors and redistribution of
especially in the cytoplasm (Fig.7 d). cytoskeletal molecules, that affect intercellular
48 hr (Fig. 7 e-h). Moderate VEGF relationships in tissues (6, 8, 9).
expression (Fig. 7 e), mainly in the perinuclear Our data are in line with epidemiological
cytoplasm, was detected in control cells. FEanalyses andn vitro short-term dose-response
exposed cells displayed more intense VEGStudies showing the critical importance of
positivity, again in the perinuclear zone (Fig. &pithelial and mesothelial cross-talks in lung
f), and a significantly greater number of positiveonditions due to mineral fibre exposure. Results
cells compared with control cultures (p= 0.005). show differential alteration of cytoplasmic F-
In control cultures expression of B-actin networks, cell motility and VEGF ard
catenin was irregular and mainly at membraneatenin expression in treated A549 and MeT-5A
junctions (Fig. 7 g), whereas it was slightlycells, according to the different sensitivity oeth
stronger in treated cells, above all in théwo cell lines. Treated J774 cells exhibited a
cytoplasm (Fig. 7 h); positive cells weresignificantly increased expression of COX-2 and
significantly more numerous in treated than i®GE concentrations.
control cultures. The altered distribution of F-actin and
impaired cell motility after fibre exposure
Western blot analysis and P&determination demonstrate that FE toxicity affects cell motility
Finally, we used mouse monocyte{7) and point to parallel functional modifications
macrophage J774 cells to investigate the effedts MeT-5A and A549 cells, despite their different
of FE exposure on the time courseiofvitro sensitivities.
generation of PG biosynthesis and on the gene Time-lapse videomicroscopy analyses,
expression and protein synthesis of a key enzyrsenducted to gain insights into the correlation
in the inflammatory process, inducible COX-2Zoetween fluorescence data and cell movement,
(COX-2: Figure 8; PGEFigure 9). As expected, showed that MeT-5A cell motion stopped almost
COX-2 and PGE levels were low in control completely after 24 hr exposure to FE. In
cultures; FE exposure for 24 hr and 48 haddition, the “granular” appearance of actin
induced a significant and time-dependerfluorescence indicates impaired actin
increase, as shown by the fact that synthesis pblymerization in presence of the fibres. Thus,
COX-2 and PGErose respectively by 23% andtime-lapse and fluorescence findings concur in
2.8% at 24 hr and by 8.5% and 5.1% at 48 ltemonstrating a cytoskeletal impairment after 24

compared with control cells. hr exposure, followed by evident cell damage at
48 hr. The pathogenicity of FE fibres is indicated
DISCUSSION by the almost total arrest of cell movement at 48

hr in both cell lines as well as by the

The recent recognition of fluoro-edenite flocculation” of fluorescent F-actin molecules.
At 24 hr, VEGF expression was

as a new edenite end-member its association with i i di I
the abnormal incidence of pleural mesotheliomgignificantly increased in A549 cells (p<0.05),
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Control FE treated MET-5A cells
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Figure 7 (a-h). VEGF and R-catenin expression in control BR-treated MeT-5A cell cultures at 24 (a-d) aBdh (e-h),
(immunoperoxidase). (a) Control MeT-5A cells at 24rhodest VEGF expression (arrows) both in therpmfiear zone and
in cytoplasmic extensions (bar = 28um); (b) FEt{edaMeT-5A cells at 24 hr: treated cells exhibiteigher VEGF
expression (arrows) than control cultures (a), (ba28um); (c) Control MeT-5A cells at 24 hr: R-cateffarrows) is
expressed both in cytoplasm and in the plasma rmamabtbar = 21um); (d) FE-treated MeT-5A cells athP4evident 3-
catenin staining, especially in cytoplasm, compawéti control cells (c) (bar = 21um); (e) controkeN+5A cells at 48 hr:
moderate VEGF expression (arrows), principally @amipuclear cytoplasm (bar = 10um); (f) FE-treatedVbA cells at 48
hr: positivity for VEGF (arrows) is stronger tham ¢ontrol cells (e) (bar = 12um); (g) Control Met-5&lls at 48 hr:
irregularf-catenin expression (arrows), mainly at membrametjanal levels (bar = 12um); (h) FE-treated MeT-&s at
48 hr: slightly strongef-catenin expression (arrows), mainly in the cyteplacompared with control cells (g), (bar =
14pm).
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M Control
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Figure 8. COX-2 expression evaluated by Western blot analysisntreated and FE-treated monocyte-macrophagé J77
cells. COX-2 levels are expressed as DensitometnitslDU). Each value is the average of four ddferexperiments +
SD. Statistics: *significant vs untreated contf®(.01).
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Figure 9. Concentration of PGEmeasured in the culture media by ELISA in untr@éated FE-treated monocyte-

macrophage J774 cells. Each experiment was pertbtimee times in duplicat&tatistics: *significant vs untreated control
(P<0.01).
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whereas MeT-5A cells exhibited a markedrom COX-2 is involved in solid tumour
increase in molecular expression that was greaggthogenesis through inhibition of apoptosis,
for B-catenin (p<0.05). Both molecules ardacilitation of tumour cell invasiveness and
known to be involved in cancer development (L@romotion of angiogenesis.
35). Our studies clearly demonstrate a role for
After 48 hr incubation, VEGF and [-oxidative stress, COX-2 activity and
catenin activity were still evident in both cellinflammatory factors in the development and
lines, suggesting that at concentrationprogression of mesothelioma induced by FE.
comparable to those tested for other toxic Several findings indicate that
mineral fibres, such as chrysotile (25), FE fibremflammation has both negative and positive
do not exert a primary toxic action inducing rapicdspects; a number of questions concerning
cell death, but rather induce an abnormal cellulaysregulation of inflammatory processes thus
status with upregulated cell activities and a riskrise when mediators of inflammation injury or
of cell transformation. repair are considered. In our study, the role of
These data lend support to the hypothesmacrophage cytokine expression after vitro
that FE iscapable of triggeringn vivo cell exposure to FE has been considered in parallel
transformation mechanisms also througkvith direct fibre toxicity in lung alveolar
upregulation of the Wnt-B-catenin signakpithelial and mesothelial cell lines. Toxicity
transduction pathway and VEGF synthesis (3, 1€gsponsiveness in established lung cell lines has
35). already been documented to further contribute to
Previous studies of FE-exposed humaabnormal cell changes also through altered
lung fibroblasts, the human Ilung alveolakytokine responses (IL-6, TN etc.), and shows
epithelial cancer cell line A549 and thehow A549 cells develop a response to
monocyte-macrophage cell line J774 by ounflammatory stimuli (30). Our data confirm
group evidenced a concentration- and timehese effects of FE fibres when A549, MeT-5A
dependent reduction in cell metabolism andnd J774 cells are exposed to a fibre
increased LDH release, concomitant with agoncentration of 5Qug/ml, and further stress the
increase in ROS production and DNA damagglose relationship between toxicity and the
(8,9). In addition, Travaglione et al. (33) noted tflammatory response induced by the toxic
remarkable tropism of A549 cells towards FEffects of FE.
fibres, which interfered with epithelial cell We employed natural fibres directly
physiology by reducing proliferation rate anctollected from a stone quarry on M. Calvario,
increasing release of the proinflammatoryear Biancavilla. Their characterization using
cytokine IL-6, one of the main mediators ofSEM-EDS showed the presence of edenite and
asbestos-induced pathophysiological responsesfluoro-edenite-like  fibres, whose respective
In this investigation we demonstratethercent composition was impossible to quantify
time-dependent COX-2 overexpression and PGEkince their relative amount varied among bundles
increase in monocyte-macrophage J744 celifhd even in contiguous areas. Both are respirable
treated with FE using Western blotting andibres capable of being carried by the circulation,
ELISA. COX-2 is an inducible enzyme with ahaving been found in lung (human and sheep)
central role in the conversion of arachidonic acigind in other biological samples (urine) from
to a number of metabolites includingpeople living in Biancavilla (2).
prostaglandins. Its activity is low in normal In conclusion, we provide convincing
conditions, but increases in macrophagesyidence that FE fibres are capable of induaing
fibroblasts, vascular endothelial cells, neurongitro functional modifications of some
and other tissues in response to various stimugarameters that are closely involved in the
including  cytokines, carcinogens, serumgevelopment and progression of cancer. The
hormones, and mitogens, and participates fsresent findings suggest that inhaled FE fibres
inflammation and cell proliferation andare capable of inducing mesothelioma, even
differentiation processes (20, 23). Furthermoréhough their ability to penetrate into the lung

COX-2 expression is upregulated in a variety ddiveoli closely depends on their aerodynamic
malignancies, including breast, gastricdiameter.

oesophageal and lung cancer, hepatocellular
carcinoma, squamous cell carcinoma of head and
neck and pancreatic cancer (34). BGlerived
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