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IMPORTANCE OF EXPERIMENTAL ANIMAL STUDIES IN THE
UNDERSTANDING OF MALIGNANT MESOTHELIOMA

Three major asbestos-related diseases—pulmonary asbestosis, lung cancer,
and malignant mesothelioma—can be experimentally induced in laboratory ani-
mals.! Malignant mesothelioma can be easily induced by asbestos and other f-
brous minerals following inhalation or intraperitoneal and intrapleural injection in
various animals.!-

The results of these animal studies have suggested a number of factors that
influence the induction of malignant mesothelioma.?? In particular, fiber shape,
length (>8 um), diameter (<1.5 um), and durability were found to be more impor-
tant than chemical composition in causing cancer. Further, the animal inhalation
studies strongly suggested that retention and/or clearance of intrapulmonary as-
bestos fibers was not the same for chrysotile and the amphiboles, the latier accu-
mulating in the lung far more readily than does chrysotile.!

The animal data alluded to above are important to our understanding of asbes-
tos carcinogenicity in humans.

ETIOLOGIC FACTORS IN MALIGNANT MESOTHELIOMA

In human malignant mesothelioma, asbestos is considered to be virtually the
exclusive carcinogen, although erionite (a type of zeolite, similar to asbestos in
respect to shape and durability)® and radiation’® have also been suggested as
etiologic agents, albeit with much lower incidence than that seen with asbestos.
On the other hand, in animal experiments, various other agents, such as erionite,
fibrous glass, brucite, sepiolite, radiation and chemicals (including ethyelene di-
bromide, ethylene oxide, N-methyl-N-nitrosurea and diethylstitbesterol) were
able to induce malignant mesothelioma.®-1

SIMILARITIES OF THE LATENCY BETWEEN HUMAN AND ANIMAL
MESOTHELIOMA

It is well sccepted that the latency period gfrom first exposure to the develop-
ment of the tumor) is quite long for asbestos-induced human malignant mesothe-
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homa: generally, it takes 20 years or more for tumors to appear.!! The same
stuation can he seen in animal mesothelioma. In mice, it takes 7 months and
longer (the murine life span 1s approximately 2 years),'? in rats (which have a 2- to
d-year life spun) 1 year and longer,'? and in baboons'® (with a 30-35-year life
span), 6 years and 2 months and longer. In a previous study in our laboratory,
comparison of the latency period for mesothelioma in mice induced by a single
intraperitoneal administration of asbestos or erionite did not show any notable
differences between the fibers, although the dose of each was different.'? We have
also studied the neoplastic effects of inhaled vinyl chioride, a chemical carcino-
gen, with special reference to the induction of lung tumor (alveologenic tampr). ™

Unlike the case with mineral fibers, when the dose was increased, the'inci-
dcuccl of tumors was higher, and the latency period was inversely related to
dose, ™

COMPARABILITY OF HISTOPATHOLOGY BETWEEN HUMAN AND
ANIMAL MESOTHELIOMA

As with human malignant mesothelioma, animal mesotheliomas induced by
ushestos vary by cell type. Epithelial, biphasic and fibrous cell types have been
identified.

In human mesothelioma, the ratio of the incidence of these three cell types
was found to be 65% epithelial, 25% biphasic, and 10% fibrous.” In contrast,
mouse mesothelioma induced by an intraperitoneal administration of asbestos and
erionite was noted to be 1% epithelial, 11% biphasic, and 88% fibrous.'? The
reason for this remarkable difference is not known. However, the dose of the
mineral fibers was quite high in the mouse experiments, and it would be interest-
ing 1o know whether the proportions would change if the dose were much smaller.
Further, the incidence of cell type in the tumors induced by inhalational exposure
to asbestos should be examined.

TYPE OF ASBESTOQS ASSOCIATED WITH THE INDUCTION OF
MALIGNANT MESOTHELIOMA

Although it is generally accepted that all types of asbestos can induce human
malignant mesothelioma, the incidence of human malignant mesothelioma is said
to vary among asbestos types. Some epidemiologists'™! have reported that cro-
cidolite has a much greater capacity to induce human malignant mesothelioma,
although for animals, all types of asbestos could induce the tumor without notable
differences in incidence.

ASBESTOS TISSUE BURDEN STUDY IN MALIGNANT
MESOTHELIOMA

A number of asbestos tissue burden studies have been done to evaluate the
level of expostre to asbestos in humans. At first, the number of asbestos bodies
(ferruginous bodies) in | wet gram of lung were used as the marker for the level of
asbestos. Later the type, number, and size distribution of intrapulmonary asbes-
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tos fibers were determined by analytical electron microscopy. These data have
been used to understand the pathogenicity of human asbestos-related diseases.

In this symposium, a new concept, the translocation of intrapulmonary asbes-
tos fibers into other tissues, has been introduced by Dodson and his associates!? 1
and Kohyama and Suzuki.'® The former investigators discovered that unlike am-
phiboles, intrapulmonary chrysotile asbestos could move into the pleura and the
regional lymph nodes. The latter have found that, unlike amosite, chrysotile could
be translocated from the lung into the pleura and the peritoneum. In tissue sam-
ples from asbestos-insulation workers, the hyaline plaque. pleural mesothelioma-
tous tissues, and peritoneal mesotheliomatous tissues contained chrysotile fibrils
almost exclusively, although concomitant intrapulmonary asbestos was predomi-
nantly amosite with smaller numbers of chrysotile fibers.

Stanton’s hypothesis, that the most dangerous fibers are those >8 um in length
and <1.5 um in diameter, was based upon the observed size distributions of
asbestos fibers that were used for direct innoculation into the rat pleural cavity,
producing mesothelioma. However, it may now be necessary to test this hypothe-
sis by inducing mesothelioma in animals by inhalation rather than by direct inocu-
lation. It will be interesting to know whether the size distribution of the fibers is
similar among three different samples: the preinhalation asbestos fiber (the stan-
dard asbestos sample used for inhalation), the post-deposition fibers in the lung
(intrapulmonary asbestos fibers), and the translocated fibers in the pleura or the
peritoneum (intramesotheliomatous asbestos fibers).
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Discussion: Part 8

Dr. MORANDO SoFrril 1l (Institute of Oncology, Bologna, Italv): In this
session three important items are addressed. The first is evidence that mesothe-
lioma may occur in persons unexposed o asbestos, and that there may be a
background occurrence due to other fibers or other reasons. And, while it 15
common experience that when a complete history is obtained, exposure to ashes-
tos can be proved in nearly all cases, that still does not exclude the possibility that
other causes can exist, The second item is the problem of the extent to which

~experimental bioassays can be predictive in assessing human risk. Finally. the
third item is a consideration of the best experimental approaches to reach optimal
results.

DRr. BARRY CASTLEMAN (Baltimore, Md.): In my work with the Natural Re-
sources Defense Council in dealing with the Environmental Protection Agency’s
proposed ban on asbestos, I found that Monsanto contributed information on a
substitute product that they had developed—I believe that it was a soluble fiber-
based phosphate.

SorFrITTE: No; it was not soluble. After one year, 10 to 15 percent of the
fibers were still present in tissues.

CasTLEMAN: So it produced tumors even though it was alleged to be soluble?

SoFFRITTL Yes, but we aren't talking about solubility.

CASTLEMAN: Another point 1 would make is that some companies have dealt
with the problem by developing substitute fibers that are 100 large to reach the
deeper lung recesses, thereby avoiding the problem of whether or not the fibers
will cause lung abnormalities. Since man-made fibers can be made whatever size
you wish, by extrusion, this is a good way of dealing with respirable fibers.

DRr. JACQUES DUNNIGAN (University of Sherbrooke, Sherbrooke, Québec.
Canadu): Dr. Suzuki mentioned that all fiber types in human studies have been
shown to produce mesothelioma. He did acknowledge that crocidolite, of all fiber
types, is much more potent. However, he said that in animal studies this was not
so. All fiber types seem to be equally potent.

A paper in Environmental Research reported that if you inject equivalent mass
doses of chrysotile and crocidolite you may indeed see an approximately equal
umor yield. But if you inject 1 mg of chrysotile, you are in effect injecting |
billion fibers with lengths equal to or longer than 8 microns or 13 billion fibers with
lengths of 75 microns. Whereas when you inject 1 mg of crocidolite. you are
injecting 8 million fibers. Therefore. if' you are going to report the tumor yield 1n
experiments on a mass dose basis. | agree with your conclusion. but I think that 1t
is more appropriate 10 report tumor yield per unit fiber. When you do this. you
will see that crocidolite indeed iy a far more potent inducer of mesothelioma. |
would ask Dr. Davis and Dr. Pott and Dr. Suzuki: what is the impact of these
considerations on future experimentation?

DRr. YASUNOSUKE Suzukl (Mount Sinai School of Medicine, New York.
N.Y.): It is difficult to answer your question without knowing full size distribu-
tions and surface areas in addition to number.

DunnNINGAN: These were reported by Dr. Phil Cook of the U.S. Environmen-
tal Protection Agency. Somewhat similar data had been published in 1981 by Jean
Bignon's group in Paris.

Dr. VIcTOR ROGGLt (Dihe University. Durham, North Carolina): Dr. Mark.
when you consider that in surgical pathology we tend 10 make diagnoses that are
fashionable at the time, and when we consider the reluctance of a pathologist in

223




ANNALS OF
THE NEW YORK ACADEMY
OF SCIENCES

Volume 643 t
EDITORIAL STAFF

Faecutive Editor

BILL BOLAND The New York Academy of Sciences

Managing Editor 2 Eust 63rd Street
JUSTINE CULLINAN New York, New York 10021

THE NEW YORK ACADEMY OF SCIENCES
(Founded m 1817)

BOARD OF GOVERNORS, 1991

CHARLES A, SANDERS, Clreurman of the Board
CYRIL. M. HARRIS. Presdent
Honoran 1ife Governors

WIH.LIAM T. GOLDEN IRVING ) SELIKOFMF

Vico-Presidents

JOSEPH L. BIRMAN EDWARD COHEN
DAVID A, HAMBURG JERROLD WILLIAM MABEN
J. CHARLES G, NICHOLSON

HENRY A, LICHSTEIN, Secretun-Treavuer

Flected Governors-at-Large

FLORENCE L, DENMARK HENRY M. GREENBERG LAWRENCE R, KLEIN
MARIIN [ LEIBOWITZ GERAL D PIRL RICHARD R, SHINN

LEWIS THOMAS, Past Chanman HED ENE L. KAPLAN, General Contnned Jen officio]

e em ame e

o ————

THE THIRD WAVE OF
ASBESTOS DISEASE:
EXPOSURE TO ASBESTOS
IN PLACE

PUBLIC HEALTH CONTROL




