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Pulmonary Tumors in Mice Exposed to Ashestos Dust

KENNETH M. LYNGH, M.D.; FORDE A. McIVER, M.D., and JAMES R. CAIN, M.D,, Cherlesten, S. C.

el aa.sncmtnl w lth asbestos was cited by
sench and Swith in 1933, there have been

cmius reports in the literature of sim-

cuses, Authors reviewing the literature
awwctibe an incidence of carcinoma of the
ang wssociated with asbestosis ranging from
13 1o 16924 Tndividual reports, usually
Jrating with relatively small numbers of
=ses, déscribe an incidence ranging f{rom
e w0 305¢.3% In an editorial in 19353,
Bueper ¥ stated that 127 cases of asbestosis
arcinoma of the lung were on record and
described the occurrence of 114 cases of
suimonary carcinoma in 738 autopsies of

ashestasis cases collected from the litemture_

113¢¢).

Experimental work has not kept pace with
the accumulation of clinical data. An in-
creased incidence of pulmonary tumors
kas been recorded in mice following the
suboutaneous injection,® intratracheal in-
jection.? intravenous injection,'® and inhala~
uun*t of a variety of substances, but only
ooz publithed statement has heen found
suggesting the induction of tumors in ex-
jerimental animals by the inhalation of
asbestos.12

The purpose of the investigntion to be
descriin-! i this report was to currelate, if
porsinle, the etfect of asbestos on the lungs
o experiniental animals with the suggested
;r:iungcnicity inr human subjects,

:\m el for wv.llc'mm Nov. 19, 1954,
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Tris woerk has leen sapported hy 2 research
st N, C-474, from the Public {ealth Serviee
address (D, Mclver), University of
Weeesin School of  Melicine, Madison; «Dr.
sy, _fu‘eph\ Hospital, Atlanta,

torten

Lair ),

Experimental Study

Aningls.--Mice were selected for this work be-
cause the use of inbred strains would eliminate
some of the uncertainties inherent in the use of
other animals. Furthermore, the published report
of Nordmann and Sorge, which has heen pre-
viously mentioned,” and unpublished Jata left by
Dr. L. U. Gardner,”® of Saramac Laberatories, at
his death suggested that mice might he suitable
test animals. Dr. Gardner inentioned that, of 22
mice inhaling short fiber asbestos for not more
than 12 months, 3 (147%) developed lung tumors.
Fifty-ane mice exposed to other dusts for 10-12
months developed lung tumors in 2%. In both of
these siudies the number of animals used was
small, and 1he strains employed were not men-
tioned or apparently varied.

In the study to he described, it was decided to

use the Fy generation offspring of Strain A male
m“mdSlnnn(.fenalem" It was feit
that this hybrid strain would pnsscss the genetic
purity of the parent stock hut would be hardier
and hence more snitable for long-term studies.

Strain A breeding stock was obtained from
J. J. Bittner, of the University of Minnesota, and
Strain C female hreeding stock was abrained from
Lloyd W. Law, ot the National Cancer Institute.
As. soon as the Ruoscoe B. Jackson Memorial
Lahoratories hard recovered from the disastrous
fire of 1047, all breeding stoek was obtaitied from
that source.

ACF;: aninmls from the breeding colony were
divided into approximately eyual groups, and at
the age of 2 monhs ane-half were pliced in the
cages cxposed to ashestos dust, The other half
were maintainerd as a control group. Male and
female mice were kept in separate cages to avoid
breeding in both tie control and the dusted groups.

Of the hundreds of mice bred for this work, a
geeat many succumbed to cnnmibalism, intercur-
rent infection, or other accidemts, hut 776 mice
were subjected to portmortem examination, Of
this number the largest groups were the control
and test animals stwdicd at 19 and 24 months of
age. The observations in these groups will be
emphasized in the discnssion which follows.

T order to sty larger animals with a teaclico-
hronchial teve more comparable to thas fomd in



vt i Dk i pown

N

i, dogs have also been subjected o dusting
with aslwstos. The results of this siwdy will form
the hasis of another report.

Methods  amd  Materials.—Test animals were
kepe in wire cages on racks in an especially con-
stnwted room. Usually 10 or fewer animals were
placed in cach cage. ln the early stages of the
work a single metal bin, with a paddle wheel near
the buttom, was loudal with ashestos to provide
& clowl of dust for the entire room. Later a
trowzh filled with asbestos was run behind cach.
row of cagee (Fig. 1), the ashestos was stirred
by« series of small rotating metal agitators, and
dust was hlown towand the cages hy multiple fine
sreams of compressed air. Most of the test

Fi. 2. _ Addestos Floats
7-TF. 2 Photmgraph
sheavs thag purtion of the
material which failed to
st theonely 2 200amesh
wetowreen, 100

208

’ig. 1.—Dusting e
paratus for mice: (4
mouse cage; (B), tress
for ashestos; (C), o
per tubing with = .
holes  directing o~
pressed air woward ez
and (7). pulley wsel o
rotate  L-shaper!  wire
pauckdles.

animals were dusted in this manner hecuse {eavies
concentrations could be obtained.

The uabestos used in this work was generously
supplied, as was much of the information cone
cernming its composition, by the manufacturers.
This material is referred o comnerciaily as As-
bestos Fluats 7-TF-2 It is described as a “vers
fine float with litle fibrous contemt™ bLut was
selccted becnuse of its similarity to “Kings
Floats,” used in other ashestos studies, an] be
canse no materinl with a greater fibrous cuntent
in the 10u-100g length was available, Kenmethh W
Smith, M.D.. provided the informavion thae 93.5%
of Ashestos Floats 7-TF-2 passes 3 200-mezh wer
screen. This large proportion of the dust appears
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o be mostly irreguiar picces of inert zranular
wepentine voek,  (hrysotile ashestos is the im-
Cortant maderinl in that portion of the sithstange
mot passing ahe 200-mesh screen (Fig, 2). The
Swmical composition of  Canadizn cheysotile as-
testos, IMEO28i0211:0, is represented in Table
D which was supplicd by the producers. The Jata
wpresent high aud low limits expressed in per-
watage.

TARLE 1. <Chemical Analysis of Canadian
Chrysotile Ashestos

LA TR e B TR ki e

g Mzoo 180 Fe Fe:0: AL, a0
LI 905. 1243 ot 1-5 218 003

L 1300

I'he figures in each colnmn represent high and Jow limits
espwessad in per cene,

Dust counts were «done on. numerous occasions,
anl for extemded periods 500,000,000 particles per
cubic foot of air were maintained. Counts varied
according to time of day, lemidity, aml other
factors, but it was possible to maintain atmospheric
cmecentrations of 150,000,000 o 300,000000 par-
ticles per cubic {oot throughowt most of the ex-
perimenr. Dusting equipment was operated for
$ 10 12 lhours daily ior § days each week, Same
pies were collected in water within the mouse
cuzes by means of a stamlard niidget impinger:

milected in water {romt nwouse cages in 1930 showed
thut particles and fibers 10p in size and over
iormed 18% to 21% of the total. In 1952 a
surple of air coilected in 97% isopropyl alcohol
and sent to the laboratory of Dre J. M. Dalla
“ale at the Georgia Institute of Technology
swwed the vollowing  distribwmtion of particle
dzec: less than 3x, 15.3%; 3Iu-10x, 34.07%; 10s-
" 0u 26.2%, ami greater than M, 2437,

Results.

f. Comteol . Inimals.—At the time that this
awork was started litle was known aboat
AC "y mice, and the binlogic bhehavior of
hewe aninials was observed with consider-

ar v war-

Ve e m we o tves .

-

abde uterest. [ general, the control colony
wis maintained without undue  difficuity.
wel ot of the animals survived unul killed
w19 or 24 months of age. The greatest
wortality was in the wale group and re-
Gad, apparently, from fighting, but some
culty was also cucounterad during the
wanarer months with infectious Jiseases,

o

Y

it was originally planned o permit ani-

Zwis to Hve out a fuil life span, bhut exam-
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SULMONGARY TUMORS IN MICE EXPONED TO ASBENTON DUST

mation,
animals  which were found  dead  proved
very unsatistactory, and cventually  only
killeed animals were considered in the statis-
tical studies,

especially microseopically,  of

The microscopic appearance of the lungs
of control animals is shown in Figure 3.
Alveolar septa are delicate: alveoli are well
expanded, and macrophages, when present,
are small aml cosinophilic. One or two
small collections of lvinphoid tissue are fre-
quently present, and inflammatory  changes
are fourl but are uncommon. Tirge foamy
macrophages are occasionally found in arcas
of inflammation,

In Table 2 the nccurrence of pulimonary
tumors in control mice killed at 19 months
of age is recorded. Only those tumors con-
firmed histologically are included. [t should
be pointed out that on rare occasions a
nalule regarded as a tumor grossly proved
to he intflammatary on microscopic examina-
tion. On the other hand, tumors were
nccasionally found on microscopic examina-
tion which had not been detected grossly.
For practical purposes the results on gross
aml microscopic examination in the control
group were the same.

Tt is interesting to note that there seems

10 be a significant difference between the

number of male and female control mice

Fig, 3.=l.ung of control mouse at 19 months—
Mouze 338 ¢ femade), Photograph shows @ portion
of the wall wi i bronchiole and related alveoli.
Alveolar walls are Jdelivate, awmi there is 2 rela-

tive  absenee  of  imtmealveolar mawerophinges,
K 423,
s~ ad
S oy ¢ .
2Tt - gl '1
(e Yagt ™
N L

o

‘o
T %oy




. Ot i, 4 AR el
+ o ik A"

A

Total Mice

{0 RCHIITLS OF INDUSTRLN. HEALTIH

Tamg, 2—ACE, Hybrid Mice: Contrals ¢t Nincteen Months

TR TS T W R ST R L T R T VR T . S T S

" Mies with

Miw with
Mubtiple Tumenrs,

tazie Tuniors,

with Tumors,
Seox No.
No. per Coent
Fenuale.ooae on. .. 9 n -
Maw ... ..., {11 N L4

—— ot

Nao, per Cont No. per Cent
x b= 6 s
K] 35 12 12

hearing pulmonary tumors it 19 maonths of
age.  Males developed pulmonary  tumors
in approximately 479 and females in 28%5.
However, in a smaller group of mice 20
months and older this ratio was reversed,
and, of 43 female controls, 29 developed
pulmionary tumors (67%).. Of 41 male
controls in this age group. 24 developed
pubuomary tumors (38%¢ ).

The nature of the pulmonary tumors ob-
served in AC F, mice has been a matter

of considerable interest in this study, and’

we have not felt warmnted in referring to
the neoplasins observed as carcinomas. The
tumors are bhasically papillary adenomas,
although some arc very compact and in
some ficltds do not reveal a papillary appear-
ance. Tumors may be surrounded by small
nenplastic masses which we have described
as “sateflite nodules™; their margins may
be sharp or ill-defined, they may extend into
the lumen of bronchiokes, and they may
show very few or many mitotic figures, but
we have never found evidence of metastasis.
This absence of metastasis is true of ail
age groups examined, but the largest num-
bers of mice, as mentioned previously, were
in the 19- amd the 24-month categories.
Some of the tumors do present a reiatively
malignant histologic appearance, but in 23
conseeutive ¢nntrol mice bearing 31 pulino-
nary tumors, which were studied in great
detitil, not a single one was classified as
malignant. even on a histologic basis.
Other findings of interest in the control
animals ar 19 months includal an- abuor-
mality  of the reticuloéndothelial  system
in 7%. This eitity is characterized by
spienic enfargement in most cases and also
in some by exeessive lymphoid accumula-
tions in the lungs, markedly enlarged lymph

210

Tiwe tuemoes listeed are pilmonaey adenomas.  Oaly tamans confirined on mirreseopic exumination ure rectetied .

nades, or hepatomegaly.  Blomd counts were
nat done. Four animals, all females. devel-
oped extrapulmonary tumors, one of the
breast, two of the ovary, and one of the
skin. Other breast tumors were seen, but
the affected mice did not survive to be killed
at 19 months.

Test clwimals.—The microscopic appear-
ance of the lung of a mouse dusted for 17

Fig. 4=—Lung of test mouse at 19 months—
Mouse B-43 ticmale). P o shows some-
what congested and thickened aiveolar walls.
Large “dusty” macrophages are pruminent. X 425.

Fig. 3.—Lungs of a coutrol animal (Mouse
P-38) and ni a test mouse (Mouse £-26). Boi
animals were killed at 19 months of age. In hoti:
specimens the hearts are attached znd partially
hidden by the lungs. The test lungs are larger
and_leavier amd present a mottled gray pleurs!
surtace.
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PULMONARY TUMORS 1N MICE LXPONED TO ANBESTOS NUST

months and killed at the age of 19 munths
is illusirated in VFigure 4. The lungs of
dusted animals appeared grayer and larger
than normal (Fig, 3). Alveolar walls
were thickened; macrophages were a great
dead more numerous and were usually foamy
aud contained a great deal of tiny granular
material, “dust.” Coarse granular particles
of brown material, probably blowd pizment,
were found intest animals as well as in
controls, Lut lacger golden beown particles
within macrophages were found only in the
dusted animals. These were thought to be

Fig. G.~Asbestos. body in mousie lung~fouse
320 (female). Each asbestos hody is incompletely
by a _large macrophage, arul each re-
veals the typical “stackel cnin”  appearance.
X 2000.

asbestos bodies about small chunks and
very short fibers of asbestns. Elongated
ashestos hodies (Fig. 6) were found in the
tungs of almost every dusted mouse. and
10 to 20 bodics were not infrequently found
in one microscopic section. At times one
end was globular, but more frequently they
were straight or curving golden brown
hodies partially engulfed by large “dusty”
macrophages. The “stacked -coin™ appear-
ance. usually deseribed i hunin ashestos

Taves 3--AC Fy Hybeid Mice:

Lilies, was also  frequently observed in
mice. Bulies more than 20u in length were
frequently scen, and the longest recorded
length was 40u. The great majority were
shorter than 20p. Hilar nodes were not
noticeably enlarged aud apparently were not
involved by.any specific process rclated to
asbestos. Pulmoenary fibrosis did not occur,
and squammous metaplasia of Lronuchial epi-
thelium  was oot found.  Inflammatory
changes and bronchiectasis were commoner
than in the vontrol animals.

The oceurrence of pulonary tumors in
dusted mice killed at 19 months of age is
shown in Table 3. Only those tumors con-
firmed histologically are included.

The microscopic appearance of these tu-
aors was in no significant way different
from those described in the control animals.
Asbuestos bodies were rarely encouutered
within the substance of the ncoplasm.

Comment

Swudies reierred to previously dealing
with human cases of asbestosis strongly
suggest that there is an increased incidence
of associated carcinoma of the lung. Tt is
important to bear in mind, however, that
there are no very large groups of cases,
and one is beset with the problem of decid-
ing whether the cases reported are weighted
in favor of a high incidence of carcinoma
hy sclection. On the other hand, no con-
sistently high incidence of pulmonary carci-
roma has appearcd in reports of cases of
silicosis. In fact, the incidence of puimo-
nmary carcinoma in silicosis secms to be
relatively low, and one writer 17 suggests the
possibility that silicosis may protect the
patient fxom the likelihood of carcinomia of
the lung.

Test Mice at Ninctecn Months

e e . aa] L g - .- oz
Totad Mo Mice with Mice with
witn Tumues, Sinehe Tieon, Multipls Tunwes,
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which ddescribe aninid
adics are hor regarded as aceeptable evi-
fenee for the experimental praduction of
ashestosis carcinoutr of the lung.  Nord-
mann ¥ reports a number of instances and
tvpes of epithelial change but found only
two pulmonary tumors in 10 mice living to
the “cancer age” of 240 days. The number;
therefore, is very small, and no suitable
control animals are mentioned. Gardner '*
apparently  regarded his  observativns  as
merely suggestive. The work was done in
a study of pneumoconiosis, and the inci-
dence of naturally occurring pulmonary
tumors was not cstablished for the test
ammals ar for the controls.

The animals used in this study, mice, are
prubably pooriy suiterd for the purpose. The
trachecobronchial tree is of small diameter,
ancl the nasopharyngeal fltering apparatus
is probably highly efficient. Mice readily
inrm asbestos bodies, but pulmonary fibrosis
is not produced. The latter change could be

feature essential to the anticipated cpi-
thelial aiterations. At least. in studies now
in progress in which dogs are used, pul-
monary fibrosis is produced and there is
a profound associated squamous metaplasia
of brouchial cpithelium. Tt is quite possible
that furure work should be planned about
the use of primates. The incidence of newly
developing ashestosis in man is fortunately
very low at this time, and so the primate
best suited for future studies scems to be
the monkey.

Asbestos Floats 7-TF-2 is a difficult.ma-
terial with which to work in a climate with
high humidity because of its hygroscopic
mature. Ry the usc of hear lamps, however,
it was possible to keep the storage bin
reasonably dry, and all dust ¢ounts were
certainly far above those in which human
asbestosis develops. Even the low counts
of 130,000.000 particles per cubic {oot are.
13 times greater than Jevels at which human
asbestosis is thought to be a danger.

Che s referenees

Pacticle length is a factor in human
ashestosis. The quantities of asbestos ma-
terial of various lengths reaching the Jungs
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of test mice are not known, Tt is knowa,
however, that a suffictent quantity of fbrous
materiad reached the mouse lungs to produce:
ashestos bolies in great numbers and tha:
the same material is capable of producinsr
fibrosis in Jogs. TF the ability to produce
ashestosis, therefore, were associated wirh
carcinogenicity, then Asbestor Floats 7-TT-
2 should be capable of producing pultnonasy
turnors.

IF the anticipated life span of a hmlrh
mouse is considered to be 30 months, then
the expnsure of our animals for pericls of
17 and 22 months should correspond to
very aderuate periods of human exposure. -
As was mentioneld earlier, animals \serem
exposed to the dust at 2 mouths of age. and 5
the larger groups were killed at 19 and 24 -¢

months, respectively. ¥

The results summarized in Table 4 show =~
that there is no striking difference between
the total numnber of control and test animals
bearing luug tumors, the figures heing ap-
proximately 46% for dusted animals and
36C¢ for contral animals at 19 months.
There are 7 pmasibilities in 100 that this
difference might be due to chance. This
difference i+ net_ statistically significant.*

Thene wis a considerable occurrence of
multiple lung tumors in both the dusted and
the contrnl groups. Table 4 shows that this
incidence is 182 and 8%¢ for the two
groups, respectively. Using the same formu-
la, there are only 0.51 chances in 100 thar
the difference is a chance difference. This
variation is statistically significant. A possi-

ble interpretation of this abservation is thus. =

given a group of animals with a similac
tendeney to develop pulmonary tumors, this

*In enlu:uinq the recorded statistics, the stand-
ard error is mmpmcd on the hasis of the follaw.
mz “formula .

\' f[ [RVAYR VAP
where
rmtotal jeercenfage occurrence
q—l—r
=number in tmt sample

Na=aumber in second sample
The probuldlity of occurrence of the statcit resules
on the basis of chance is computal {rom the aume
her af standard crrors with Pearl’s table.
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Dust Exposure
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