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Preamble

This review will briefly address the mechanisms by which
asbestos fibers cause pathology.  Characteristic physical
and chemical features of asbestos are considered important
in pathogenesis and are briefly discussed in this overview.
Detailed information on many of these important physical,
chemical and bio-durability properties are available in
many reviews cited. This overview on the mechanisms by
which asbestos fibers cause pathology  is presented as
background information which may be applicable for the
early identification of potential emerging hazards resulting
from the introduction of new technologies in the fiber
industry. 

Introduction

Epidemiologic, pathologic, and experimental studies have
established that inhalation of asbestos induces asbestosis,
bronchogenic carcinomas, malignant mesothelioma of the
pleura and peritoneum, and several other adverse effects (1-
5).  In addition to the direct target organ interaction and
development of pulmonary fibrosis, the ability of asbestos
to induce other malignant diseases in different cell types is
enigmatic.  The biochemical mechanisms involved in these
processes are thought to be divergent and are related to
physical characteristics, chemical composition, surface
reactivity and bio-durability of the specific type of asbestos
fibers (1-5).  An important fiber characteristic is the bio-
durability, or persistence of  fibers in the tissues, and their
physical movement within the body.  In addition, additive
or synergistic relationships between asbestos exposure and
cigarette smoking are known to be  major factors in
carcinogenesis.

Asbestos Mineralogy

Asbestos has been known since antiquity for its remarkable
fireproofing qualities, strength and durability.  It was only
since 1877 that commercial exploitation began.  Its use
escalated to six to eight million tons during World War II
in U.S.   Asbestos is a group of fibrous silicate minerals
which can be classified into two basic subgroups known as
serpentines and amphiboles (1).   Chrysotile, a serpentine
asbestos, is white, curly and flexible. It accounts for 95% of
the asbestos used in the United States and Canada and is

mined mainly in Canada and the USSR. Amphiboles are
chain silicates, in contrast to serpentines, which have a
layered structure.  Amphiboles, such as crocidolite (blue
asbestos), amosite (brown asbestos), tremolite and
actinolite, are rod-shaped, thin, cylindrical fibers.
Commercial use of amphiboles has declined in recent years.
Amphiboles are more durable and persistent in the lung
than the chrysotile asbestos which gradually leaches in the
body fluids and become less bio-durable.  The bio-durability
of the amphiboles with the straight rod like physical
properties is correlated with the greater pathogenicity of
these fibers.  Asbestos generally separates longitudinally
into finer and finer fibrils during processing.  The
aerodynamic properties together with the indestructible,
rod-like shape of amphiboles are apparently related to their
greater pathogenicity and ability to reach intra- and extra-
pulmonary sites and other organs.

Asbestosis

Asbestos-related diseases, such as asbestosis, lung cancer
and mesothelioma were unknown 65-70 years ago.  Now
they are responsible for major medical and legal problems.
It was estimated that at least 27-28 million U.S. workers
have been exposed to asbestos, resulting in at least 8000
asbestos-related cancer deaths per year (6).  

Asbestos exposure is known to cause a bilateral diffuse
interstitial pulmonary fibrotic disease known as asbestosis.
Asbestosis is directly related to the intensity and duration
of asbestos exposure.  Asbestosis initially begins as fibrosis
around respiratory bronchioles and alveolar ducts
associated with the presence of asbestos bodies (1, 5).  As
the fibrosis advances, adjacent alveolar ducts and terminal
bronchioles are affected in a centrifugal fashion involving
the lung parenchyma extensively.  In advanced disease,
thick fibrous walls are formed with the development of a
honeycombed lung (1).   Clinically, asbestosis is
characterized by a restrictive pattern with reduction in
diffusing capacity.  Radiographically, asbestosis appears as
irregular or linear opacities usually in the lower lung lobes
with or without pleural thickening.  Pleural plaques,
hallmarks of past asbestos exposure, are frequently present
along the lower lung fields and they are usually benign. 

Experimental studies indicate that during phagocytosis of
the asbestos several biochemical pathways are triggered,
resulting in the generation of reactive oxygen species
(ROS), stimulation of inflammatory events, lipid
peroxidation, generation of reactive lipid intermediates,
secretion of cytokines, chemokines, fibrogenic growth
factors and membrane injury which causes the release of
hydrolytic enzymes from lysosomes (3, 5, 7-11).  Various
types of asbestos contain different percentages of iron
{>amosite (34%), >crocidolite (18%), > chrysotile (1%)}.
In the presence of hydrogen peroxide, the iron on the
surface of asbestos can catalyze the generation of hydroxyl
radicals.  Bio-durability and the chronic generation of ROS
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become important factors in the pathogenesis of disease
(2,3,5,12).

Bio-durability and the ability to generate ROS on a
persistent basis leads to chronic inflammation and
increased secretions of cytokines, which cause cell
proliferation and oxidative stress.  Epithelial cell
proliferation can lead to lung cancer while fibroblast
proliferation results in fibrogenesis.  Following two short-
term inhalation exposures to chrysotile asbestos in
experimental animals, proliferative changes were observed
in bronchial epithelial cells and alveolar cells.  It is known
that the initiation of proliferation in the epithelial cells and
fibroblasts occurs after the activation and induction of early
response genes such as c-fos, c-jun and c-myc (3, 13-15).
These genes can induce activator protein-1 (AP-1) which is
important in inflammation, proliferation, cell division and
apoptosis.  Increased expression of AP-1 was also observed
in AP-1 reporter mice intratracheally instilled with asbestos
(16).

Bronchogenic Carcinoma

The risk for lung cancer in asbestos workers is associated
with a latency period of 20 or more years after the first
exposure.  Lung cancer arises more frequently in the major
conducting airways and is typically of epithelial origin.  In
asbestos workers without any cigarette smoking history,
there is an increased risk for lung cancer associated with
the severity and type of asbestos exposure (1, 3, 5, 17,18).
However, there is conclusive evidence indicating that
cigarette smoking acts to increase the risk of lung cancer in
asbestos workers (17-21).  It appears that multiplicative a
or synergistic effect is involved in the increased risk of lung
cancer in smoking asbestos workers.  Adsorption of
carcinogens from cigarette smoke onto asbestos fibers may
be an important factor in the synergy and increased
incidence of lung cancer in smoking asbestos workers (21).
Therefore, in the development of a bronchogenic
carcinoma, asbestos appears to function as a tumor
promoter or co-carcinogen.  In this respect, the types of
asbestos involved is of specific interest.  Bronchogenic
carcinomas occur following exposure to all the major types
of asbestos (crocidolite, amosite, tremolite, chrysotile).  The
incidence of cancer appears to be associated with the
physical characteristics, chemical composition and surface
properties of asbestos.  It is proposed that iron-rich bio-
durable asbestos fibers, such as crocidolite and amosite,
may produce excess amounts of ROS during frustrated
phagocytosis promoting chronic inflammation which is
causally linked to carcinogenesis.

Asbestos is classically a non-genotoxic agent.  It is negative
in Ames assays and in rodent bone marrow assays for
chromosomal abnormalities and micronucleus formation.
However, asbestos fibers are capable of inducing
mutagenicity, chromosomal changes and deletion mutations
in a human-hamster hybrid assay ( 22-25).  These effects

were inhibited by antioxidants, thereby suggesting that they
were mediated through asbestos-catalyzed ROS
mechanisms.  Amphibole asbestos was also shown to
induce increased ROS-induced oxidative damage and
strand breaks in DNA.  In bronchial epithelium, asbestos
can induce a dose-dependent increase in ornithine
decarboxylase, a rate limiting enzyme involved in the
biosynthesis of polyamines, which plays a pivotal role in
cell proliferation (26).  Similarly, protein kinase C, a
receptor of tumor promoters, is also induced by asbestos in
bronchial epithelial cells in a dose-dependent manner (27).
It is known that proto-oncogenes, such as c-myc and c-fos,
are potential targets of protein kinase C action and may
induce genes associated with growth factors thereby
promoting cell proliferation.  These characteristic responses
to asbestos in the bronchial epithelium are typical of
chemical tumor promoters.  It can be inferred from these
studies that asbestos in the bronchial epithelium acts as a
tumor promoter rather than a direct carcinogen.

Available experimental evidence suggests that asbestos can
act indirectly in association with other co-carcinogens.
Asbestos fibers probably acts as a carrier for polycyclic
aromatic hydrocarbons, such as benzo-(a) pyrene derived
from cigarette smoke (19, 21).  Asbestos fibers with a large
surface area would provide effective transfer and sustained
interaction of carcinogens adsorbed from tobacco smoke.
Although oncogenes are known to be intrinsically involved
with the development of tumors, no asbestos-associated
molecular patterns have been identified in human lung
cancers in contrast to the presence of such alterations in
human mesotheliomas.

Mesotheliom

Mesothelioma is a rare tumor arising from the single layer
of mesothelial cells lining the pleura and peritoneum.  It is
considered to be a signal neoplasm associated with
exposure to asbestos.  Mesothelioma develops after a long
latency period generally 30-40 years following the first
exposure (1, 2, 5).  In contrast to bronchogenic carcinomas,
an increased risk of  mesothelioma does not appear to be
associated with cigarette smoking.  Short heavy exposures
of the environmental or avocational type have been
associated with the development of mesothelioma.
Mesothelioma is induced by the asbestos fibers reaching the
pleural and peritoneal cavities. Mesothelioma of the
peritoneum is usually associated with severe exposure
history while that of the pleura is generally associated with
chronic moderate exposure.  As in the case of lung cancer,
mesothelioma also appears to be more frequently associated
with specific types of asbestos fiber.  This again appears to
be associated with physical chemical characteristics, bio-
durability and potential to produce ROS on a persistent
nature.  Mesothelioma induction and its relation to fiber
size were extensively investigated by Stanton et al (28).
They concluded that thin long fibers were much more
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potent in the induction of mesothelioma in animals than
short fibers.

In the induction of mesothelioma, asbestos appears to
function as a complete carcinogen for mesothelial cells. 
Mesothelial cells appears to be very sensitive to the direct
effects of asbestos.  Further support for this sensitivity of
mesothelial cells is evident from studies with weakly
carcinogenic chrysotile or non-carcinogenic fiber glass in
man that are potent mesothelial carcinogens in
experimental animals (27, 29).  A wide variety of
cytogenitic alterations are reported with asbestos fibers.
These include polysomy, monosomy, aneuploidy and other
clastogenic effects.  Chromosomal alterations and mitotic
interferences in the mesothelial cells are probably caused by
the penetration of asbestos fibers and fiber-catalyzed ROS
reactions.  Human mesothelioma shows altered patterns of
oncogenes and tumor suppressor genes which are different
than that of bronchogenic carcinomas (30)..

Other Fibrous Minerals

As with asbestos, pathological responses to other fibers,
such as erionite fiber glass depend on physical chemical
characteristics, bio-durability and ability to produce ROS
on a chronic basis.  It is known that similar to asbestos
erionite fibers cause pleural plaques, pleural effusions,
diffuse fibrosis and malignant mesothelioma in humans.
Ceramic fibers and fiber glass also produce maliganant
reactions in experimental animals.

From the results of in vitro and in vivo studies with fibers
a schematic diagram showing some of the major
mechanisms involved in fibrogenesis, carcinogenesis and
induction of mesothelioma can be constructed (Figures 1
and 2).
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