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Although all commercial forms of asbestos have been demonstrated to be carcinogenic in animals,
so far epidemiological data are controversial concerning what ashestos types are the most carcino-
genic and fibrogenic in humans. In order to understand the early cellular events induced by fibrous
particles, different in vitro studies (hemolysis, release of enzymes by macrophages, assays on cell cul-
ture systems) have been carried out in several laborateries; most of these studies have shown that cell
and subcellular in vitro responses were different depending on fiber types: chrysotile versus amphi-
boles. This presentation compares the results of different Jaboratories with otit data obtained by
using a model which modifies the chemistry of the fibers by weid téeatment, The acid-leathed chryso-
tile and acid-treated amphibole fibers showed different. lifological responses in several in vitro
systems used in comparison to unleached fibers. Thege differences in the in vifro reactivity were
related to the chemical state of the fibers and might explain the differences in theireffects in animals
after intrapleural injeotion as assessed by the. pgmn;:g'f of mesothelioma, the latericy [iél;i;d, the
survival time and the degree of pleural fibrosis. The carcinogeni§‘étfect of the fibprs s diséuissed in
relation of gl‘au; {{l.ﬂiﬁ'@jnﬂqﬂg&&tﬂrgﬂﬂquﬂc resporiked.” - o e
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From human and animal deati;thees'is »stkbi:‘skhw—:x
dence that the thiee commeroial tynes of ashestos,
the serpentine ¢ g“gotﬁ?&fd he' dg%ﬁi’iﬁbléé‘. ‘¢éroci-
doliteand amosite;.aré all responsiblé for.lung -and
pleural fibrosis and for lung and mesothelial cancers
(6):However, thereis still controversy about the gra-
dient of pathogehicity of these three types of asbes-
tos. Several epidemiological studies on human popu-
lations which have been exposed to one type of fiber
have persuaded many people that crocidolite (7-9),
and peérhaps also amosite (10, 11), is much more car-
cinogenic towards the pleura than chrysotile (12).
Previously, a group -of experts at the 1976 IARC
mepting (6) conchided-that:otoupational.exposure to
chiysotile was more likely-to cause lung fibrosis and
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{10l the fibrofenic arid ciréiogeni proper-
: Bgestos ‘dusts %.re ﬁni‘i'(é_ifsé.ﬂy‘a%%;pig%{i; thére
bill; considerable debite regarding on" the “one
Bl the mechanisims of fibrogenesis and carcinogen-

@and on the other, thie gradient i pathogenicity

fierent types of fibérs. - _
it regard to the méchanismis of asbestosre-

1'dlicases, over thie past 10 years considerable

180 et al. (1, 2) and Pott et . (5, 4) which démon-
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olt of phiysicochemical parateters’ fir behind
swever, we will see later on that the role of
Wiical and physical constitiients and particularly
hae available at the surface of the fibers must also
 role, but have been insufficiently assessed.
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long caxicer than exppsufe: to amphiboles. Occupa-
tiorial éxposure to.crocidolite ardanmvsite; however,
was more,oftén associated with pleural and perito-
nesl mesothéliomas thin exposure to chrysotile. Ina
recent editorial, however, Liddell ($) gave another
opinion, pointing out that amphiboles were not only
the most carcinogenic fibers in the mesothelium, but
were also more fibrogenic and carcinogenic in the
lung. Many authors are not convinced by this asser-
tion, especially after the epidemiological demonstra-
tion by Peto that the incidence of pleural- mesothelio-
ma was almost as high in a cohort of workers ex-
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posed mostly to chrysotile as in cohorts exposed only
or mostly to amphiboles (14, 15).

Experiments in animals have also shown discrep-
ancies in the fibrogenic and/or carcinogenic potential
of asbestos according to the type of fiber, but in all
studies other factors intervened, such as doses, made
of dust introduction (inhalation, intratracheal inistilla-
tion, intrapleural implantation of injection, intraperi-

toneal injection), type of diseases indilced; animal

strain, age and survival time. However, the results
showing a modification in the carcinogenic effects of
chrysotile after acid treatment (16, 17} raised the
question that other factors, besides shape and size
{chemical composition, surface physicochemistry),
may play a role in the induction of fibrosis and
cancer. '

The controversial position of scientists concermng
such an important-point needed acritical:review: in
an attempt to evaldate significant inforitiation from
the comparison of the bxolqglcal responses of ?lt\ryso—
tile and amphiboles iz vitro.as well as in, vivo. The ef-
fect of acid treatment of the fibers will also.be taken
into account, since it can lead to a better understand-
ing of the mechanisms of fiber carcxglogbnesxs Our
provisional coficlusions will be deviliel
dant results obtained in our laboratory an
during the last decade.

In.Vijtro:Stidies ... i - o o
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Relctivity i KBl Col .
The hemolytmx assay:provides:a (vapld WRY for in-

vestigating.the interaction.betweeh dusts.and-biolog- -

ical membranes. Using this system,:seéveral authors
(18-22) found different responses with.chrysotile and
the amphiboles, the former being: more' hemolytic
than the latter. Generally speaking, after acid treat-
ment chrysotile was less hemolytic (16, 21, 22),
whereas acid-treated amphiboles were found:fo be-
more hemolytic (21, 22), Thus, if hemolysis explores
the interaction between .fibers and cell membranes,
chrysotile appeared as the. most-reattive fibemtype.
in these experiments. This discrepancy wasalso
found when studying the adsorption of\phosphoﬁpxds
on fibers; .and this was ter.with chrysotile than.
with:.the: amphibéles! (.%;e\iamnd et -al, tdpublished
data) (Fig. 1). Jaurand et al. 24), when studying the
kineties of hemolysis by chrysotile, have shown a self
inhibition of the reaction due to adsorption of. the
membranes. This correlates with the observation of
a decreased hemolytic activity after incubating
fibers with phosphelipids (24) and probably relates to
a decrease in the zeta potential (26). Indeed, Light
and Wei (27) have demonstrated that the hemolytic
activity was related to the absolute value of the zeta
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Ficure 1. Adsorption isotherms of liposomes of dipalmitoy!
phosphatidyl choline (DPPC} on chrysotile {Ch) and
cracidolite (Cr) fibers. Variation in the amount of DPPC ag-
sorbed on the fibers with the equilibrium concentration
Coq-“In the squares are indicated’the valies of the ratio
PoplSiz, determined by photoelébtron spectrometry anal-
ysis (XPS) (29).

potential of fibers. With chrysotile it decreased dur-

ing leaching, whereas with crocidalite it increased
durmg the same treatment
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Resietivity Witk Miicrophages

Studies:carried out in différent: laboratories over
the last.five years, describing the Jease of ;
somal acid- hydrolases from peritoiid bfok- Lawéolm '
mag; maina ¢, have clearly

hmf‘rg?dﬁf' n?&ﬁms*gp?gsé}: Wé;gren“ gﬁnd
the } amp boles,

Davxes et al. (27) and, m re rec nily in out ljbora-
tory, Jaurand et al. (92) have cﬁ arly shown that
chrysotlle works as an mﬂammatofy stimulus, induc-
ing a selective release of Iysosomal ‘acid hydrolases.
Howevei- there was no release of cytoplasthi¢ en-
zymes sitch ag lactate dehydrogenase (LDH), which,
in the case of peritoneal macrophages, showed
higher intracellular levels, suggesting an enhanced
protejn, synthéﬁls @n. S‘in\i}gr responises Have besn
Obtapied m qttgp&?articlés sqgh a8 zymosap whxch

we now

Tﬁis h h}’ mmatpry res Se oil be
the p s:;:oc 6, ro rties of
the bqg ” sm Cid: sotxle which has

lost thost of its Mg, nbt reléase lysosomal en-
zymes &8) .and even released LDH, indicating a cyto-
toxic effect (22; 29).

In contrast, untreated amphiboles (crocidolite and
amosite) seemed to be cytotoxic, releasing both lyso-
somal acid hydrolases and cytoplasmic LDH. Acid-
treated amosite and crocidolite, however, enhanced
the release of lysosomal hydrolases, but this was as-
sociated with the release of LDH (22) (Fig. 2.
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roducts (enzymes, mediatorsafter;in--
Lofitro with asbestos ‘and that several of
sliles may be directly involved in ehronie
,{;‘f‘)’tjy responses. Chrysotile has been shown
4t Highly significant increase in macrophage
186 activity and prostaglandin synthesis
induce the secretion by alveolar macro-
fia chemotactic factor which attracts poly-

hen cultured in vitro, whereas latex parti-
yield such an increase (32). All-these 4n..
5:indicate clearly that chrysotile. works:
'iﬁent. activating factor on alveolar maéro-:
However, other studies did not confirm the
i&ﬁiinmabory effect of chrysotile. . Thus,

d:Xvihin (38) found an increased secretion of

Y this experiment do not allow a comparison
: effect. Moreover, in a recent experiment
ig the oxidant production by guinea pig
-macrophages i vitro (release of O* and
: opposite pattern was shown, eg., the
asbestos were more effective than
wtile to cause macrophage oxidase activation
Ofther in vitro experiments are needed, taking
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elease of enzymes from rabbit alveolar macrophages cultured with chrysotile (Ch), amosite (Am), erocidolite (Cr) or
Q2 (Qz) either unieached (0J) or oxalic acid-leached {M). Percentage of LDH and-f}-galactosidase {# Gal) released 'in the
Y (qiipm,lt:gllowing 20 hr of contact with t;be particles (concentx‘at‘!ox_l‘ 50p toglt‘)n;%??(pg!mp), St .

. RETRITERT -r’_’-f"i'_;!.:,l‘}._;l;. (TR '3..55‘?5' Wil
into -acgount: most of ‘the: papdvietyrs involved {ani-
mal spevies; types:of irfhcrophgge) culture ¢bhditions
and so on):BHig willialiow! nsito-béttet uridérstand
the significance ofithe in - vitroirésponses of macro-
phages in different biblogical' pathways accéording to
fiber types, in reldtior'to tHe type and intensity of
fibrogenesis - and’ carcinogenésis -in vivo: however
the relationship between -the in vitro macrophage
response to fibers and pulmonary or pleural carcino-
genesis, however, is far from being clearly under-
stood. ‘

Reactivity with Proliferative Cells

Several.authors have usedicelldines in short-term
studies of-asbestps cytotoxieity. Most of these stud-
ies:are- suminarized in-Thble- 1. which indicates the
cell lings used- by, the-authbrs;ithig; eytotoxicity as-
says, the doses of dsbéstos testéd and ‘the gradient
of toxicity according to the type (¢hrysotile versus
amphiboles) of fiber (35-41). In most studies chryso-
tile was more “toxic” than the amphiboles. More-
over, the acid treatment decreased the cytotoxicity
of chrysotile and increased the cytotoxicity of croci-
dolite and amosite (41).

Up to now, few experiments have been conducted
with normal tissue or cells in culture. Some of them
were carried out with normal tracheal tissue ex-
plants cultured in vitro (42). Only amphiboles have
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Table 1. Asbestos cytotoxicity on cell lines,

BIGNON AND JAURAND

Epithelial-like cell lines

Cytotoxicity assays

Asbestos doses, ug/mL  Gradient toxicity2 Referenc
Macrophagelike P 388 D1 cells Growth inhibition 10-100 Ch>Cr (85, 86)
Human lung {ibroblasts W 38 cells Morpho changes 100 Ch> Am k.
Rat liver-derived K 22 cells Growth inhibition 10 Ch >> Cr>,.. sn 4
Chinese hamster ovary CHO cells Colony efficiency
Trypan blue exclusion
Chinese hamster lung V 79-4 cells Colony efficiency 10-50 Am >Cr>Ch
(cells seeded
with fibers)
Human alveolar lung A 549 cells Growth inhibition Ch > Cr> glass
fibers > LCh
Chinese hamster Jung-derived CHL 39 cells Colony efficiency 10 Ch>Am>>Cr (%9)
Chinese hamster ovary CHO cells Growth inhibition 10 Ch>Cr, Am (40)
Human intestine-derived I 407 cells Colony efficiency 250 Ch 10 times > Am-Cr
Adult rat liver-derived ARL 6 cells 1407 > ARL 6 “n
Mouse colon-derived MCE 1 cells LCr { cytotoxicity
LAm & Cr ¢ cytotoxicity
Cr > Ch, Am

aCh = chrysotile; Cr = crocidolite; Am = amosite,LL.Ch,LCr, LAm =

been tested in this model. In our laboratory, we
have developed a model using cultures of normal
rat mesothelial cells for testing the reactivity with
different types of fiber (43). This test studied the
morphology and the growth characteristics of meso-
thelial cells treated with chrysotile and crocidolite
which were either oxalic-acid leached or unleached
(44). When. the samples are compared- weight to
weight, the results.-agree - with .those obtained by
others. who used:epitheliallike; cell .lines (87, 41).
Thus,- chxsysotlle@eems tb; be mere reactive and cy-
totoxic with epithelialdike: cell liiesithan erocidolite;
leaching of chrysofile-fibers:decreased ‘the reactiv-
ity; conversely, leaching-the crocidolite- mcreased
the cytotoxic effects on the cells.

In vitro studies have also been carried out with
cultures of lung fibroblasts which were stimulated
to produce fibrous collagen under the action of dif-
ferent types of asbestiform minerals (45). In these
experiments, chrysotile was the. most reactive, fol-
lowed by anthophyllite and amosite/crocidolite. This
effect was dose-dependent, but the response was
not constantly the same. In contrast, the acid-
leached.chrysotile; . particularly when 86% of the
magnesitm was depleted, was much less active on
collagen synthesis. .

Subcelluiar Effects

It is still controversial as to whether or not asbes-
tos can bind to DNA and induce damage and muta-
tions. No mutagenicity was demonstrated by means
of the Ames tests on bacteria (46).-However, tests
carried out on mammalian cells in culture have
shown that asbestos fibers may interact with DNA,
since they gave a weak mutagenic response with

leached chrysotile, crocidolite, amosite.

the HGPRT mutant phenotypic test (89), induced
chromosomal damage (45) and slightly increased sis-
ter chromatid exchanges (38). However, no differ-
ence was noted between chrysotile and the amphi-
boles.

Although it has been demonstrated that chryso-
tile asbiéstos was much more active than the amphi-
boles: in.hinding. TgG-¢8), no difference iwas noted: -
between chrysotile and:the amphibéles for the acti-
vation- of- the.classical and-alternative ) pathways of «
complement’ {48, 49). A"ppaﬁently.'comp emeént! acti-
vation was not related to'reactive sites at the fiber
surface, since there was no difference between
chrysotile and the amphiboles or between ehrysotlle
and leached chrysotile (49, 50).

Nevertheless, surface properties seem 1mportant
for the adsorption of macromolecules by asbestos fi-
bers, as suggested by the results obtained:in-our
laboratory with chrysotile and oxalic acidleached
chrysotile. The adsorption of albumin or dipalmitoyl
phosphatidyl choline on Mg-depleted chrysotile fi-
bers was characterized by a bulk incorporation of
the macronolecules into the fibers. However, these
results are different from those of others (51, 52)
who found that albtimin had a decreased affinity for
Mg-depleted-chrysotile.

Animal Studies
Differential Fibrogenesis

The early animal experiments did not clearly de-
fine the relative importance of ashestos fiber types
in the production of lung or pleural fibrosis-(58, 54).
However, since the work of Wagner et al. (§5) and
more recently of Davis et al. (§6), it appears that
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(65) and
'ars that

sotxle given by inhalation causes far more lung
Wosis than crocidolite, which in turn is more fibro-
¢ than amosite. This fibrogenic gradient was
{ind to be the same when the number of fi-
was adjusted to an equivalent number in dust
fiplés (56). This gradient may be related to fiber
4 discrepancies between asbestos types as sug-
ted by many authors. Davis et al. (56), who used
xtensive fiber- “length distribution, showed that
‘ehrysotile clouds in the chamber had many
i ‘fibers over 20 um in length than either of the
phitbole clouds in their experiment. It seems that
ifibers, less than 5 um in length, are phagocy-
iqwu:hout causing fibrosis, while fibers longer
0 pm in produce foreign body granuloma with
,"'In a recent, well-controlled animal experi-
hi inhalation, Lee et al. (57) found that amo-
4§ at least 10 times more fibrogenic than po-
Octatltanate (Fybex) fibers, although con-
s and lengths of these man-made organic
re many times higher in the clouds than
0F amosite. These findings suggest that physi-
}pwal properties of the surface of the fibers
g}ay an 1mportant role in fibrogenesis.

‘r‘xed out m dxfferent speciés in ofder
‘diﬁerentxal effect of fibers mtroduced

xiipared with human exposure: the ideal is
lg?,latlon in a special chamber.

dy animal inhalation studies did not find
results in the production of brofichial
il mesothelionias With different asbes-

l\\p'ats using amosite, anthophyilitq..-m-o
nd two varieties of chrysotile, found that
' mean survwal time after first exposure

y, the hlghest number of mahg’nant tumors
,Q_bserved in animals treated with Rhodesian
¢ and the fowest in those treated with amo-
sphyllite, crocidolite and Canadian chryso-
 about the same number of tumors. The
ogenic effects of chrysotile versus the
e4 were observed even though much less
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dust was retained in the lungs exposed to chryso-
tile. Davis et al. (56) found clear-cut results after in-
halation studies in rats comparing UICC chrysotile
A, crocidolite and amosite. UICC chrysotile A was
more fibrogenic and carcinogenic than UICC croci-
dolite and UICC amosite, since all the malignant
lung tumors were found in animals that had inhaled
chrysotile dust. Only two mesotheliomas were
found in this study, one with crocidolite, and one
with chrysotile.

Regarding pleural carcinogenesis, it also appears
that chrysotile is the most carcinogenic— or at least
as carcinogenic as the amphiboles. As early as 1969,
Wagner and Berry (61), in a large-scale experiment
comparing the effect of chrysotile, crocidolite and
amosite on specific pathogen-free (SPF) and stan-
dard rats, found clear-cut, results, in that all types of
asbestos produced mesotheliomas. Chrysotile and
crocidolite produced about the same percentage of
tumors, the percentage in SPF animals with
mesotheliomas being 61% for chrysotile and 59%
for crocidolite, while in standard animals the
corresponding percentages were 69% and 68%
The fewest mes thehomas 3 by
amosite (40% of the sPF  and 31%; of the §bmdard

S‘”l /i
ammals) Moreqvg . }A. c@mg xi g,‘ meag
oy g W*

su;v;val, t;;pqs Q"“ i;” ,dig% %{ 5
mor-
Qho 3.0

mgsot 9“’ 98., LEE, 8
tality . d e ,chex cmes;‘(,hx upqgthat
1k s‘is 0 é.st .suryiyal

g osm'e It “,to
times (598 days for SPX days. for standard
rats). This, was 31gmﬁcant4y less than crocidolite
(718 and 665, respectlvely) and much less than amo-
site (811 and 801 days, respectively). In contrast, the
survival of SPF and stapdard rats without meso-
thelioma, after elimination of the effect of mortality
due to mesothelioma, was nof, different. Wagner et
al. (55) however, using intrapleural inoculation of
various dusts in rats, found that among the UICC
standard reference samples (experlment 3), UICC
crocidolite wis the most carcinogenic, bemg three
times as actiye as, UICC chryﬁptlle But, in this very
paper, the resulté of experlhient 1, ‘whére SFA
chrysotile was compared to crocxﬂohte in a 'dose-ef-
fect’ relatxonsplp, were in contradiction’ with the
above conclusion. There was a relatmnshxp tween
the number of mesotheliomds and the dose (from 0.5
to 8 mg) for both SFA chrysotile and crocidolite, but
if we total the number of rats with a mesothelioma,
there were 21 out of 59 animals with mesotheliomas
in the SFA chrysotile group while there were 11
out of 59 animals with mesotheliomas in the crocido-
lite group.

In a recent study carried out in our laboratory, af-
ter intrapleural injection of different dusts in the
rat, chrysotile and crocidolite produced about the
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same number of mesotheliomas; the most striking
difference was a more marked initial inflammatory
reaction of the pleura with chrysotile, with a
greater percentage of animals dead.from.other
causes than cancer. Moreover, the latency period
was shorter in the chrysotile group than in the cro-
cidolite group (17).

Conclusion

Obvious discrepancies exist between the biologi-
cal effects of chrysotile and the amphiboles either in
vitro or in vivo. Chrysotile seems to be the most re-
active in vitro as well as in vivo. These findings
question whether or not it is scientifically correct to
apply the Stanton theory generally to carcmogene—
sis indiced by fibefs, 'sibce it takes jiito acdount
only the fiber' size pai‘amétei's.’ledgtli ‘Eﬁd‘ﬂiﬁﬁxéter
In this respect, it is odd thit'the papef in memory
of Staton (62) takes into account only arnphibolés
and amphibolelike fibers, excluding chryﬁbtxle fi-
bers, which according to our results and to those of
other laboratories, appear as the most, pdtent in-
flammatory stimulus. The striking m cat‘l n in
the biological response of ac;d‘bneate’d' ?estbé's\t_ig—_
gests that reactive sites at' é&sér {the: fibers’
could also pliy a rolé:id thiep
bells; ;iabﬁhulaf Iy Tl ibﬁgd’ A &g‘ ‘f ;fé

(— [

ferénce'in' the Survival'time bty i
crocidolite 1'Faty wiitse'pl ‘iii\@l(cﬁ ity hai ;. o
jected with fibers niig £ bevdbe! bor Hik o
chrysotile’ wais immediately’ reattive i’y d eing: it

flammation and subséquentl canicpr!, wHbreas croci-

dolite needéd some in V10 gxod caﬁbn to bécome
inflammatory and carcmog‘ e,

This puzzling biological px‘bblem n'eakes the inter-
pretation of humandata difficult. First, Humans
have usually been exposed td mixed fibérs associ-
ated with different cofactors. Peto et al. C’M) .ana-
lyzing epidemilogical data, observed;| ‘that the rlsk of
developing mesothelioma was sybstantially lbwer in
humans whose exposure 9 chirysotile: “Was! I‘éd uced
or ceased than in those wibrd exposufe whs . i
tained; by contrast, éven byibf éx’bos'.ire to’er‘éhido—
lite could produce a substantm ine gen COES m_egsp
thelioma mihy years latér (), Pet ¢t ‘(i sdg
gests that this difference cold be dhe either t6'the
fact that chrysotile was largely eliminated. from the
lung whereas amphiboles remained alffiost in-
definitely (63) or to the fact that chrysotile fibers
are leached in wvivo- (64) and thus cease to be
biologically active in the body,- while crocidolite
fibers remain active or even become more active.

Recent experiments in animals have shown that
other fibrous minerals such as erionite-zeolite were
also carcinogenic, even more than asbestos,

ct ‘thé";{ :

although fibers were short (65). This underlines the
necessity of pursuing basic research on the
mechanisms of the biological effect of fibers because
it seems that the Stanton hypothesis does not
explain all situations.
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