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Interactions of chrysotile asbestos fibres with the complement system
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Summary. Type A chrysotile fibres (white asbestos)
were tested in vitro for activation of the complement
system. Fibres were incubated in normal human
serum (NHS), factor B-depleted human serum, and
normal and C4-deficient guinea-pig sera; the super-
nates were assayed for the remaining complement
activity. Activation of the alternative pathway (AP)
was shown in three ways. First, quantitative
measurement of factor B; second, kinetic analysis of
rabbit red blood cell lysis in whole alternative path-
way (AP) and factor B lytic assays; third, qualitative
measurement of C3 and factor B conversion by
crossed immunoelectrophoresis. No C3 convertase
activity could be demonstrated on the fibres but
other possible mechanisms of AP activation are dis-
cussed. Magnesium itself is not responsible for this
activation because acid-treated fibres retain this
property. The early classical pathway is not involved
as shown by normal whole complement activity of a
factor B-depleted human serum and the absence of
decrease of C4 functional activity. Knowing that
complement proteins are present in pulmonary al-
veoli, mainly provided by cell synthesis, we suggest
that complement activation in vivo may be relevant
to the genesis of the chronic inflammation and
fibrosis in the lung.

Correspondence: Dr Peter Cole, Host Defence Unit,
Department of Medicine, Cardiothoracic Institute, Fulham
Road, London SW3 6HP.
0019-2805/80/1000-431 $02.00
(©) 1980 Blackwell Scientific Publications

INTRODUCTION

Occupational and environmental exposure to as-
bestos fibres has been known to be a health hazard
for several decades. The mechanism by which as-
bestos dust induces lung fibrosis and mesothelioma is
still poorly understood but an extensive review of in
vitro biological properties of asbestos fibres has been
published recently (Harington, Allison & Badami, 1975).
Experimental approaches to this question have

followed two lines. First, in vitro studies have shown
that chrysotile asbestos fibres are highly cytotoxic to
macrophages by interaction with the cell membrane
(Allison, 1970), that this effect is largely inhibited by
the presence of serum and is dependent on the pres-
ence of the fibre's magnesium outer sheet (Beck, Holt
& Nasrallah, 1971; Light & Wei, 1977). Hydrolytic
enzymes are known to be released by reaction of the
fibre within the lysosome after phagocytosis by
mononuclear phagocytes (Davies, Allison,
Ackerman, Butterfield & Williams, 1974), but con-
troversy exists about the secretion of a fibrogenetic
factor from the macrophages (Heppleston & Styles,
1967; Harington, Ritchie, King & Miller, 1973).
Chrysotile is also a potent haemolytic agent
(Harington, Miller & MacNab, 1971), this property
being a function of the magnesium content of the fibre.

Second, a number of in vivo models have been
described mainly using animals exposed to asbestos
in inhalation chambers (Wagner, Berry, Skidmore &
Timbrell, 1974) or by intrapleural or intraperitoneal
injection of asbestos. Lung fibrosis, mesotheliomata
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and other tumours have been produced (Davis,
1972; Wagner, Berry & Timbrell, 1973).
However, it is difficult to extrapolate in vitro re-

sults to in vivo mechanisms because of physical (frag-
mentation) and chemical (leaching) modification of
the fibres, coating with bronchial secretions, increase
of surfactant production and changes in the free
alveolar cell population (Tetley, Hext, Richard &
McDermott, 1976). At present it is thought that
complex cell interactions occur wherein macrophages
play a central role. Humoral mechanisms are likely
to be involved as well (Turner-Warwick & Parkes,
1970). Kagan and colleagues (Kagan, Solomon,
Cochrane, Beissner, Gluckman, Rocks & Webster,
1977a; Kagan, Solomon, Cochrane, Kuba, Rocks &
Webster, 1977b) found significant cutaneous anergy
and T-cell depletion, diminished lymphocyte re-
sponse to phytohaemagglutinin and serum inhibitors
of mitogen-induced lymphocyte transformation in a
group of patients with asbestosis. Moreover, they
found high levels of IgA (salivary, secretory and
serum), IgG, IgM and IgE, a high frequency of
autoantibodies without organ specificity and cold-
reactive lymphocytotoxins.

Very little information about interactions of as-
bestos fibres and the complement system is found in
the literature. However, it is known that polymor-
phonuclear cells and mononuclear phagocytes are
able to synthesize proteins of the complement system
(Lai A Fat & Van Furth, 1975; Einstein, Hansen,
Ballow, Davis, Davis, Alper, Rosen & Colten, 1977;
Ferluga, Schorlemmer, Baptista & Allison, 1978;
Bentley, Fries & Brade, 1978). Moreover, some of
those proteins have been recovered from lung lavage
fluids (Robertson, Caldwell, Castle & Waldman,
1976). On the other hand the role of complement in
chemotaxis and cellular metabolism is well known.
For instance, factor B of the alternative pathway of
complement activation has been shown in vitro to
influence macrophage spreading (Bianco, Eden &
Cohn, 1976; Gotze, Bianco & Cohn, 1979). For these
reasons and because of the availability of sensitive
methods to assay alternative pathway (AP) acti-
vation, a series of experiments was carried out on the
interactions of chrysotile asbestos fibres with the
complement system.

MATERIALS AND METHODS

Asbestos fibres
Type A chrysotile fibres (UICC) were obtained from

Dr V. Timbrell as a kind gift. An aliquot was washed
extensively and suspended at 12 mg/ml in sterile PBS
for 7 days at pH 7-2. A second aliquot was suspen-
ded in 1 M HCO for 7 days, washed twice in PBS pH
7 2 and finally resuspended in the same buffer before
use. A sample of PBS and of acid-treated fibres was
autoclaved at 1200 for 2 h.

Sera
Normal human serum (NHS) was obtained by vene-
puncture and used within 2 h. Factor B-depleted
NHS was made by heating fresh NHS at 500 for 20
min (Lachmann & Hobart, 1978), the loss of C2 was
estimated and a correction factor applied to the
results. Guinea-pig serum from normal and C4-
deficient animals was withdrawn by cardiac
puncture.

Buffers
The buffers used were phosphate-buffered saline
(PBS), pH 7 2 0 15 M, veronal-buffered saline (VBS)
containing calcium and magnesium (CFD from
Oxoid Ltd, London), PBS containing 0-01 M/1
ethylene glycol tetraacetic acid (EGTA) and 0-008
M/1 magnesium.

Incubation
Serial dilutions of the fibres were made in serum and
incubated at 370 for 10-120 min with continuous
slow inversion. The samples were then rapidly chilled
in ice and centrifuged at 9000 g for 20 min. The
supernates were tested immediately for their remain-
ing complement activity. Control experiments in-
cluded serum incubated without asbestos, asbestos
without serum, asbestos and serum EDTA buffer
and buffer alone.

Complement assay
Whole complement haemolytic activity was tested by
the Mayer technique (Mayer, 1961). Sheep eryth-
rocytes were sensitized with rabbit antibody (rabbit
haemolytic serum, Wellcome Reagents Ltd,
Beckenham). Serial dilutions of the supernates were
tested for the ability to lyse the sensitized red cells
(EA) in VBS.
C4 was assayed by an haemolytic agarose plate

method (Lachmann & Hobart, 1978).
Samples were loaded in wells cut in an agarose gel
containing EA and C4-deficient guinea-pig serum;
lysed areas were proportional to the amount of C4 in
the samples.

432



Chrysotile fibres and the C system

Activation of AP was detected by three different
techniques. (i) A quantitative measurement of factor
B activity in an agarose plate containing guinea-pig
erythrocytes and factor B-depleted NHS in EGTA
buffer (Martin, Lachmann, Halbwachs & Hobart,
1976). (ii) A kinetic analysis of whole AP haemolytic
activity (Platts-Mills & Ishizaka, 1974; Polhill, Pruitt
& Johnston, 1978). Briefly, rabbit red cells (known
activators of the AP) were mixed at 370 with the
supernates in EGTA buffer and the lysis was fol-
lowed in a spectrophotometer at 700 nm optical
density. A modification of this method (which will be
described elsewhere) has been introduced for factor
B alone. (iii) A qualitative measurement of factor B
and C3 conversion using crossed immunoelectro-
phoresis (Laurell, 1965) in EGTA buffer. Anti-C3
(fl1A/tQC) was purchased from Meloy Laboratories
and anti-factor B from Behring Institute, Marburg,
West Germany. Samples were also analysed by roc-
ket electrophoresis against human f31H (factor H)
sheep antiserum. (Kindly provided by Dr* M.
Hobart).

C3-cleaving enzyme
0 5 ml from a serial dilution of asbestos fibres was
mixed with 0 5 ml of NHS and incubated at 270 for
10 min (Burger, Bitter-Suermann, Loos & Hadding,
1977). The fibres were then washed six times in ice-
cold VBS at half ionic strength, resuspended and
incubated at 370 for 30 min with a solution of
purified C3. After centrifugation the extent of C3
conversion in the supernate was determined by
crossed immunoelectrophoresis. C3 was purified ac-
cording to the method of Lachmann & Hobart
(1978). Briefly, this method involves a sequential
precipitation of serum with Na2SO4 (20 g and 11
g/100 ml), a DEAE-Sephacel ion exchange and hy-
droxylapatite adsorption chromatography.

RESULTS

Alternative pathway
Figure I summarizes the results of AP kinetic assay.
There was an actual increase in the time required to
lyse 50% of the rabbit red cells (tj) even with as little
as 0 5 Mg/ml asbestos fibres. A plateau was reached at
50 ug/ml. No differences could be seen between the
PBS- and acid-treated fibres, except at very low
concentrations where there was a decrease in tj for
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Figure 1. Whole alternative pathway lytic activity on rabbit
red blood cells. The ordinate shows the time required to lyse
50% (UP of cells at 37° in EGTA buffer. The abscissa shows
the final concentration of chrysotile fibres incubated with
normal human secrum in EGTA buffer for 60 min at 37°.
Asbestos was incubated for 7 days in PBS or 1 M HCL. Each
point represents the mean of five experiments. Bar repre-
sents 1 SD. *0.02>P>0.05 (t test). (--) HC1 treated;
(---) PBS EGTA.

the PBS-treated fibres. By varying incubation times,
it was found that maximal inactivation of the serum
was obtained in about 30 min. The same experiments
were performed with normal and C4-deficient
guinea-pig serum and similar results were obtained
(data not shown). Control experiments included as-
bestos fibres without serum in order to exclude direct
lysis of rabbit red cells by fibres still present in the
supernate.

Factor B
Quantitative assessment of factor B activity on
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Figure 2. Haemolytic assay for factor B in an agarose plate
after incubation of normal human serum with chrysotile
asbestos. Incubation for 60 min at 370 in EGTA buffer.
Each point is the mean of eight determinations. A sample
without asbestos serves as control. Bar represents 1 SD.
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Figure 3. Kinetic assay of factor B activity. The time
required to lyse 50% (th) rabbit red cells at 37 in EGTA
buffer is recorded. The abscissa shows incubation time of 10
iig/ml chrysotile fibres in normal human serum and EGTA
buffer. Similar results were obtained with 1-5 pg/ml chry-
sotile fibres. Bar represents 1 SD.

haemolytic agarose plates (Fig. 2) shows a decrease
of about 50% with similar amounts of fibres. Here
again a plateau was reached so that increasing the
concentration of asbestos even one hundred-fold did
not produce any further decrease in factor B activity.
A kinetic analysis of factor B (Fig. 3) shows that this
activity was almost completely lost in 20 min.
Conversion of factor B and C3 on crossed
immunoelectrophoresis were demonstrated over a

similar range of fibre concentration (Table 1).

Table 1. Crossed immunoelectrophoresis of C:
human serum with chrysotile asbestos
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Figure 4. Whole complement lytic activity of the super-

natant from incubation of normal human serum and factor
B-depleted human serum with asbestos. Results are ex-

pressed as percentage of a control serum incubated without
asbestos. Each point represents the mean of four determi-
nations. The abscissa shows the final concentration of chry-
sotile incubated for 60 min at 37 in VBS. Bar represents I
SD. (--) Supernatant from NHS; (---) supernatant from
factor B-depleted NHS.

#,H (factor H)
No variation in the amount offl3H in the supernates
could be shown by rocket electrophoresis.

Classical pathway
Whole complement haemolytic activity was slightly
decreased in proportion to the amount of asbestos
added to the solution (Fig. 4). On repeating this
experiment with a factor B-depleted NHS, no effect
whatsoever could be demonstrated. Quantitative as-

sessment of C4 activity on haemolytic agarose plates
revealed no diminution even with higher doses of
asbestos fibres.

3 and factor B after incubation of normal

Final concentration C3 Factor B Residual C4
of chrysotile Conversion Conversion (0 of control)
fibres (jg/ml) in supernatant in supernatant in supernatant*

250 ++ ++ 100
125 ++ ++ 96
50 ++ ++ 102
10 ++ ++ 100

I + + + ND
0-5 + _ ND
0.1 + - ND
0 - - 100

(+ +) 25-50% conversion, (+) 1025%, (±) less than 10%, (-) no conversion, ND; not
done.

* After incubation with asbestos in VBS for 69 min at 30'.
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C3-cleaving enzyme

No C3 convertase activity could be demonstrated on

the fibres after incubation with serum in the presence

of either VBS- or PBS-EGTA buffer (data not
shown).

Autoclaved fibres

No difference in results was obtained when using a

sample of asbestos fibres autoclaved to remove

endotoxin.

DISCUSSION

This study was initiated to find out whether chry-
sotile asbestos fibres could trigger AP activation and,
ultimately, whether this could be one mechanism
generating chronic inflammatory infiltrates in the
lung.

Using a sensitive method for assaying AP acti-
vation, we have found that in vitro activation does
occur. Five pieces of evidence suggest that this acti-
vation occurs via the AP. First, experiments were

done in the presence of EGTA which chelates Ca2 +

but not Mg2 + (Fine, Marney, Colley, Sergent & Des
Prez, 1972) thus avoiding activation of Cl. Second,
no loss of functional C4 activity could be detected.
Third, similar results were obtained with C4-deficient
guinea-pig serum. Fourth, conversion products of C3
(C3c of 1,A mobility) and factor B (Ba of mobility)
were detected by crossed immunoelectrophoresis of
the supernates in EGTA buffer. Fifth, the loss of
haemolytic activity in the whole complement assay

was shown to be due to the involvement of factor B
as seen by the abrogation of this reduction when
factor B-depleted NHS was used.

Chrysotile fibres (white asbestos) were chosen be-
cause they are the most widely used in the world,
causing more than 90°o0 of industrial exposure in the
United States and Western Europe. These fibres have
a cylindrical shape consisting of a core of silicate and
an outer sheet of Mg(OH)2. They are usually long
and very flexible (Harington et al., 1975). Their be-
haviour in the lung is still controversial. Because of
their small diameter, fibres are aspirated into small
airways and alveoli where they come into contact
with epithelial cells and macrophages. They have a

tendency to fragment and rapidly lose their Mg2+
content. Smaller fibres can perforate the alveolar
wall and reach the pleura.

As early as 1971, Harington, MacNab, Miller &
King (1971b) showed that addition of fresh serum
increased the haemolytic properties of amosite and
crocidolite but not of chrysotile fibres. However, in
their study the added fresh serum was diluted several
times more than in our experiments, which is a
critical aspect when assaying AP activation.
Moreover, haemoglobin release from red cells is a
rather crude estimate for haemolysis especially when
fresh serum-induced lysis is superimposed on a
marked direct lytic effect. We believe our method to
be much more sensitive in detecting subtle changes in
complement activity. Tiny amounts of fibres (less
than lug/ml) were shown to be sufficient to trigger
the AP of complement. A study by Wilson, Gaumer
& Salvaggio (1977) showed activation of AP with
chrysotile fibres at a final concentration of 250
ig,/ml. The observed 34-3 + 13 2%o lysis of
glutathione-sensitized human erythrocytes (100%, ly-
sis being obtained with 250 pg/ml inulin) is compar-
able to the 45%/ seen in this study but unfortunately
no dose-response curve for chrysotile fibres was pre-
sented. There were differences in the techniques used.
In Wilson's study the red cells were mixed with the
serum and the fibres and results were then calculated
as difference between lysis obtained with fresh serum
and heat-inactivated serum. In our study there was
no contact between rabbit red cells and the fibres and
no haemolysis was seen when supernate from a
serum-free sample was mixed with the red cell. Very
recently, Hasselbacher (1979) demonstrated chry-
sotile A-induced C3 and factor B conversion in
EGTA buffer (20% and 6°o respectively) as well as
classical pathway activation. However this study is
not comparable to ours in several respects. Mainly, a
single concentration of 2 3 mg fibre/ml was used.
Also electrostatic adsorption of IgG upon unleached
fibres is likely to induce some complement activation
as pointed out by the author. When chrysotile has
lost its soluble Mg2+, its biological activity is mark-
edly changed. As the surface charge decreases with
release of Mg2+, protein adsorption upon the fibre
remains almost unchanged until more than 30%
Mg2 + is lost. Further leaching rapidly diminishes the
adsorption capacity (Morgan, Davies, Wagner,
Berry & Holmes, 1977) and direct haemolytic activity
is also reduced. It is known that leaching occurs in
vitro (Pelfrene, 1977). Moreover, fibres isolated from
human lungs have been shown to have lost up to
50% of their Mg2+ (Pooley, 1972). On the other
hand, Mg2+ itself is an activator of AP (Lew,

435



436 J. M. R. Saint-Remy & P. Cole

Yikiyama, Waks & Osler, 1975). For these reasons
we felt that a more realistic approach would be to
leach the fibres before use in our in vitro assay. From
Fig. 1 it can be seen that acid treatment of the fibres
for 7 days (ie. not more than 80% Mg2 + leached;
Morgan et al., 1977) does not alter the capacity for
AP activation. After incubation in saline a very small
amount of fibres seem to decrease the ti (left hand
part of the curve). This somewhat intriguing result
may be explained by the presence of trace amounts
of Mg2 + upon the fibres, but enough to increase the
speed of AP activation via rabbit red cells. The right
hand part of the curve indicates that the fibre ac-
tivates the AP independently of its Mg2+ content.
Because of the well recognized action of endotoxin
upon the AP of complement (Fine, 1974), a series
of samples were autoclaved at 1200 for 2 h.
Comparable results were obtained, therefore it seems
unlikely that endotoxins are the causal factor.
The mechanism by which chrysotile fibres activate

the AP is puzzling. We were unable to demonstrate
any C3-cleaving enzyme on the fibre, either via the
classical (C42) or the alternative (C3bB) pathway of
activation. This is known to be the case with zy-
mosan activation of the AP, for instance (Brade, Lee,
Nicholson, Shin & Mayer, 1973; Medicus, Schreiber,
Gotze & Muller-Eberhard, 1976). Another possi-
bility for AP activation lies in adsorption and/or
inhibition of regulatory proteins (f1H, C3bINA or
C3bINA cofactor). It has recently been shown
(Bitter-Suermann, 1978) that particulate polyanions
are able to adsorb one of these proteins. We have no
evidence from this study to confirm or refute this
possibility. Rocket electrophoresis on fl1H excludes
adsorption of this protein on the fibre. Nevertheless,
it is worth noting that in our assay we were unable to
activate the AP further by increasing the amount of
asbestos by as much as one hundredfold. This is in
favour of interaction with a serum factor present in
limited amount in the test tube.
Mechanisms involved in pulmonary fibrogenesis

due to asbestos exposure are far from clear
(Bateman, Emerson & Cole, 1980). Much is known
about physical configuration, chemistry and biologi-
cal effects in vitro, but the way in which the fibres
behave in the lung is controversial. In particular,
chemical and physical modifications in vivo almost
certainly influence cellular interactions and humoral
responses. We suggest that the capability of chry-
sotile fibres to activate the AP of complement may be
one of the mechanisms through which chronic in-

flammatory infiltrates are generated in the lung
(Schorlemmer, Bitter-Suermann & Allison, 1977).
Proteins from the complement pathways are present
in alveoli due to in situ cell synthesis and transu-
dation from the plasma. Knowing the effects of C3b
(Schorlemmer & Allison, 1976; Schorlemmer, Davies
& Allison, 1976) and factor B (Gotze et al., 1979)
upon cellular regulation, it is also tempting to in-
criminate continuous complement activation in vil'o
in the genesis of fibrotic changes in the lung.
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