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Occupational and experimental exposure to asbestos is 
associated with the development of peribronchiolar 

and interstitial pulmonary fibrosis.1 L ike other asbestos-
associated diseases of the respiratory tract (ie, mesothel ioma 
and bronchogenic carcinoma), asbestosis appears to involve 
alterations in differentiation and proliferation o f affected cel l 
types. W h e t h e r the disease process involves e i ther an 
increase in replication o f fibroblasts in the lung or an 
enhanced ability o f individual fibroblasts to produce more 
collagen or both is uncertain. To address this question, we 
used a combination o f in vitro and in vivo approaches. 

E X P E R I M E N T S U S I N G L U N G F I B R O B L A S T S E X P O S E D 

TO A S B E S T O S IN VITRO 

A normal fibroblast ce l l line derived from F i s c h e r 3 4 4 rat 
lung ( R L - 8 2 obtained from D r M a r l e n e Absher, D e p a r t m e n t 
of Medic ine , University of Vermont) was maintained in 
Minimal Essential Medium ( M E M , G I B C O ) containing 1 0 % 
fetal cal f serum and exposed to crocidolite asbestos ( U I C C 
reference sample) at various concentrat ions in medium (ie, 1, 
2 . 5 , and 5 y,g/em2 dish) when cells reached approximately 
8 0 % confluency. At 24-hour intervals, 10~ 4 M ascorbate was 
added to all plates. Cel ls then were pulsed with 3 H-prol ine 
(10 u,Ci/mI medium) for 2 hours prior to assays. After 
homogenization o f cells and boil ing for 10 minutes to inacti­
vate proteases, cell samples were assayed in the presence and 
absence o f purified bacterial collagenase (Advance Biofac-
tures Corp ; —40 U/assay tube) to d e t e r m i n e the ratio of 
newly synthesized collagen to noncollagen prote in . 2 At each 
period, 3 H-thymidine , o r 3 H T (1 u,Ci/ml medium) was added 
to additional plates for 1 hour before preparation for auto­
radiography. 3 Contro l (nonasbestos exposed) cel ls w e r e 
treated identically. Results show an increase in total ce l l 
layer-associated collagen at 4 8 and 72 hours after addition of 
asbestos to R L - 8 2 cells (Table 1). Increased replication of 
fibroblasts as de termined by n u m b e r s o f cells incorporating 
3 H T did not occur under these c ircumstances (data not 
shown). 

To d e t e r m i n e whether the enhanced synthesis of total 
cellular collagen per nanogram o f D N A ref lected an in­
creased accumulation of collagen type I mRNAs in fibroblasts 
exposed to asbestos, three recombinant plasmids containing 
type I collagen-specif ic sequences (po^Ri, p a ^ , pot jRJ w e r e 
obtained from C. Genovese , P h . D . ( D e p a r t m e n t of Pedi­
atrics, University of Connec t i cut ) . 4 Quick-blot analysis con­
sistently failed to show a difference b e t w e e n the amounts o f 
procollagen type I mRNAs in control and asbestos-exposed 
cel ls . Subcel lular fractionation studies now are in progress to 
d e t e r m i n e w h e t h e r asbes tos - induced synthesis o f pro-
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Table 1—Amounts of Cell Layer-Associated Collagen in 
Normal Rat Lung Fibroblasts (RL-82) Exposed to 

Crocidolite Asbestos (N=4 per group) 

Group 

Total Collagen (cpm/ng DNA) 

Group 24 hr 48 hr 72 hr 

No asbestos 8 . 5 2 + 1 . 1 3 18.38 ± 0 . 9 4 23 .66±1 .34 
Asbestos 

z 1.0 M.g/cm 6.39 ± 0 . 9 0 25 .59±1 .89* 21.92 ± 1 . 5 8 
2 2.5 jig/cm 5.7 ±1.1.5 24.75 ± 2 . 1 8 * 19.55 + 2.88 
2 5.0 u,g/cm 8.95 24.05 ± 2 . 0 6 t 3 7 . 6 9 + 1 . 6 6 * 

*p< .02 (Student's (test adjusting for multiple comparisons between 
groups). 
t p < . 0 5 . 
tp-c.OOl. 

collagen reflects a partitioning o f procollagen mRNAs into 
polysomes, a phenomenon occurring after exposure o f lung 
fibroblasts to b l e o m y c i n , 5 

INHALATION E X P E R I M E N T S 

T h e work descr ibed above indicates increased synthesis o f 
procollagen by individual cells after exposure of rat lung 
fibroblasts to asbestos. To determine whether abnormal 
proliferation o f fibroblasts in the lung also occurs after 
inhalation of asbestos, 6 -8-week-old male F ischer 3 4 4 rats 
(n = 3-5/group) were exposed to crocidolite asbestos for 30 
days (5 hr/day, 5 days/week) using a modified Timbrel l 
generator. Twenty-four hours before removal o f the lungs for 
vascular perfusion, the rats were injected with 3 H T (2 u,Ci/g). 
After the lungs were e m b e d d e d in paraffin, alternative 3-m 
tissue sections were prepared for histology and stained with 
Massons t r ichrome for detection of collagen. Additional 
slides were processed for immunochemistry using an anti­
body to copper-zinc superoxide dismutase ( S O D ) developed 
in this laboratory. 8 This allowed us to differentiate macro­
phages (SOD-posit ive) from fibroblasts (SOD-negat ive) in 
the interst i t ium of the lung. After dipping and development 
for autoradiography, slides were counterstained with hema­
toxylin before counting by light microscopy using 1,000 X 
magnification. E ight to 12 fields on each slide were evaluated 
to d e t e r m i n e the percentage of labeled bronchiolar epi­
thelial , alveolar epithelial and interstitial cells ( S O D - n e g a ­
tive). In contrast to those of control subjects , the lungs of 
asbestos-exposed animals exhibited fibrotic changes as deter­
mined by increased deposition o f trichrome-positive mate-

Table 2—Quantitation of Numbers of Cells Incorporating 
"H-Thymidine in Fischer 344 Rat Lungs Exposed to 

Asbestos for 30 Days (N=8-12 fields/slide) 

Labeling Index, % 

Control Asbestos-exposed 

Bronchiolar epithelial .78 ± , 1 7 1 , 2 6 ± . 2 5 
Alveolar epithelial .8 ± . 2 4 . 1 3 ± . 8 7 t 
Interstitial (SOD - ) * 1 . 1 3 ± . 2 3 . 0 7 ± . 4 6 t 

*As detected with an antibody to copper-zinc SOD prepared in this 
laboratory (Mossman et al, personal communication). 

tp< ,001 (Students ( test adjusting for multiple comparisons be­
tween groups). 
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rial originating at the alveolar d u c t . 7 Autoradiography re­
vealed that n u m b e r s of labeled alveolar epithelial cells and 
interstitial fibroblasts were increased significantly in as­
bestos-exposed lungs (Table 2). 

In contrast, the labeling indices of bronchiolar epithelial 
cells in both control and asbestos-exposed lungs were compa­
rable. 

C O N C L U S I O N S 

Our work suggests that at least two mechanisms result in 
asbestosis. On one hand, asbestos st imulates increased 
synthesis of total cellular procollagen by individual fibro­
blasts. This p h e n o m e n o n does not ref lect an increase in 
steady-state levels o f procollagen type 1 m R N A s . In addition, 
interstitial fibroblasts have an e n h a n c e d replicative potential 
in the lung after inhalation o f asbestos by rats. 
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Asbestos inhalation causes several immunologic abnormali-
ties in exposed individuals and experimental a n i m a l s , 1 1 

and it has b e e n suggested that these p h e n o m e n a have a role 
in the induction o f pulmonary fibrosis and could be related to 
alterations of macrophage-mediated regulatory act ivi t ies . 4 To 
investigate whether asbestos could affect the re lease o f 
immunoregulatory molecules from macrophages , we have 
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studied the effect o f the exposure in vitro o f mouse resident 
alveolar ( A M 0 ) and peri toneal macrophages ( P M 0 ) to non­
toxic concentrat ions of asbestos on their suppressive capacity 
on the mitogen- induced proliferation of syngeneic spleen 
lymphocytes , on their ability to re lease arachidonic acid 
m e t a b o l i t e s and superoxide anion (07) in response to 
zymosan and on the spontaneous release o f interleukin 1 
(11-1). P M 0 purified b y adherence and A M 0 obtained by 
bronchoalveolar lavage from 8-16-week-old C3H/HeN mice 
were cult ivated in flat-bottom wells in the presence of control 
m e d i u m , latex beads , or U I C C asbestos amosite, 80 u-g/ml, 
for 21 hours . T h e medium was then carefully aspirated and 
the M 0 further processed. Suppressive capacity was evalu­
ated as previously d e s c r i b e d 5 by adding syngeneic spleen 
cells s t imulated with an optimal dose o f Con-A and evaluat­
ing t h e incorporation o f tritiated thymidine after 7 2 hours o f 
cul ture . T h e release o f Ol was measured by ferr icytochrome c 
reduct ion after stimulation with opsonized zymosan. Pros­
taglandin E 2 ( P G E 2 ) and F 2 a , ( P G F . J , and leukotr iene C 4 

(LTC 4 ) were evaluated by radioimmunoassay after stimula­
tion with zymosan 2 0 0 |i.g/ml in medium without serum. I l - l 
was evaluated b y the C3H/HeJ thymocyte proliferation 
assay. T h e p r e s e n c e of inter leukin-2 (11-2) activity in the 
supernatants was assayed by the ability to support the 
proliferation o f the C T L L cel l l ine. In agreement with 
previous exper iments" the exposure o f A M 0 and P M 0 in vitro 
to amosite caused a dose-dependent decrease in their sup­
pressive capacity, whereas phagocytosis o f latex had no effect. 
This p h e n o m e n o n was not due to loss o f cel l viability as 
j u d g e d b y L D H release and trypan b l u e exclusion, and was 
paral leled b y a marked reduction of the ability to produce Oz. 
Asbestos exposure caused a small increase o f spontaneous 
P G E 2 production from both M 0 populations; however, it had 
different effects on t h e zymosan-induced re lease of P G E 2 and 
P G F 2 t t from A M 0 and P M 0 . In fact, while P M 0 showed a 
reduction of the release of these metabol i tes after exposure to 
asbestos compared with untreated cells , A M 0 showed a 
marked increase . T h e release of L T C 4 , however, was de­
creased in both M 0 populations. Latex beads had minimal 
effects on these activities. In addition, amosite but not latex 
beads induced the release of I l - l in cultures of A M 0 and P M 0 . 
I l - l activity was present in the supernatants during the first 
2 4 hours o f cul ture , and the release cont inued during further 
incubation, even in serum-free medium. No 11-2 activity or 
dialyzable inhibitors were found in the supernatants . 

T h e s e data, summarized in F igure 1, confirm previous 
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