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In epidemiologic studies, airway disease and parenchyma) 
injury are bown morbid outcomes of occupational exposure 
to asbestos. However, the relationship of inflammatory 
events considered to be responsible for pareocbyma) injury 
to the subsequent development of airway injury is unbown. 
To assess this we performed broocboalveolar lavage (BAL) 
and airway biopsies on a populatioo of subjects with 
exposure to asbestos in the workplace. As au index of airway 
injury, we employed histologic metaplasia seen in mucosal 
biopsy specimens. Lung BAL Ou.id was analyucl for two 
potentially relevant protein markers and for inftammatory 
cells recovered from the lower respiratory tract. We related 
metaplasia to demographic features of this study population 
(eg, smoking history and asbestos exposure data) and also 
to the protein and cellular markers recovered by BAL. We 
studied 50 workers and detected keratinizing metaplasia in 
15 and varying lesser abnormalities in the other 28. 
Cigarette smoking was not associated with the presence of 
metaplasia (p<0.2). Smoking status was associated with au 

W orkers with occupational exposure to asbestos 
are afflicted by a variety of diseases that can be 

related epidemiologically to their occupation. 1•2 As­
bestos can affect the alveolar region of the lung or the 
airways. Clinically, the two most important diseases 
are progressive fibrosis, which occurs in up to 10 
percent of workers with significant past exposure, and 
bronchogenic carcinoma, the most important airway 
lesion. Recently, parenchymal injury has been linked 
to inflammatory pathways in the lower respiratory 
tract by the research use of bronchoalveolar lavage 
(BAL) to sample the celJs and proteins of the alveolar 
space.3·• These studies have shown the tendency for 
workers with asbestosis to have an increase in the 
number of acute inflammatory cells recoverable by 
BAL. Evidence implicating macrophages as important 
regulatory elements in this cascade of in8ammation 
has also been reported.~7 

Some factors that regulate the subsequent devel-
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increase in BAL cells (p<O.OI); however, neither the percent 
nor cooceotratioo ol acute in8ammatory cells was signifi­
cautly increased. Acute inflammatory cells (percent and 
cells per milliliter ol BAL Ou.id) were significautly increased 
among the subjects with severe metaplasia compared with 
other study subjects. This increase was true of both 
neutropbils and eosinopbils aud the sum of these two 
(p<O.OI). Stratification of subjects by smoking status dem­
onstrated a penistent association of inflammatory cells with 
metaplasia. By logistic regression analysis, polymorphonu­
clear leukocytes per milliliter aud eosinopbils per milliliter 
were signi6cantly related to the presence of metaplasia in 
two independent models (odds ratios, 9.9 and 7 .6, respec­
tively). Cigarette smoking and other demographic or BAL 
variables were not signi&antly associated with metaplasia 
in these models. (Chm 1992; 102:688-93) 

I ~~:,~linbdimmunosorbentassay;TNC=totalnu-1 

opment of cancer in this patient population are also 
known. Although epidemiologic studies indicate that 
asbestos exposure by itself can also increase the risk 
of cancer, 8 cigarette smoking is an important copredic­
tor, increasing the risk of cancer 10- to IS-fold. The 
role of inflammatory and fibrotic pathways in the 
pathogenesis of cancer has also been explored epide­
miologically with somewhat variable results. For ex­
ample, one group of investigators found that virtually 
all asbestos workers with lung cancer had evidence of 
fibrosis at autopsy or in surgically-resected specimens, 9 

while another group was unable to document this 
association. 10 

To assess factors that might be associated with 
airway injury in this population, we performed fiber­
optic bronchoscopies on a population of workers with 
known prior exposure to asbestos. We used metaplasia, 
detectable in random bronchial mucosal biopsy spec­
imens, as our index of muoosal injury. 11•12 We related 
this to demographic variables in the subject population 
and also to a variety of cellular and protein constituents 
of 8uid recovered from the lower respiratory tract. 
Specifically we assessed free secretory component and 
the keratins because in prior studies we noted an 
alteration in these proteins {reduction in free secretory 
component and an increase in the keratins) in ciga­
rette-smoking normal volunteers.13 More severe ab-



normalities were seen in patients with lung cancer.•~ 
We also assessed acute inflammatory cells because 
others have shown these cells to be associated with 
the evolution of parenchymaP and airway injury. 15 

MATERIALS AND METJtODS 

Study Population and Protocol 

Volunteer subjects were recmited from amonit over 1,000 patients 
in the Yale Occupational Medicine Program.•• Patients underwent 
bronchoscopy and BAL as described previously." In brief, the upper 
airway was anesthetized with a topical agent and a fiheroptic sco1>e 
was passed through the mouth. Airways were insIJeCted carefully 
for abnormalities. If none were found, three to six mucosa! biopsy 
specimens were obtained from random subsegmental branch points 
in the right lower lobe. Biopsies were terminated when two tu three 
generous pieces of mucosa! tissue had been obtained. The broncho­
scope was then wedged into the lin~la. BAL was performed by 
five alternate instillations/aspirations of 50-ml aliquots of isolonk· 
saline solution at room temperature. The entire protocol had been 
reviewed and approved hy the Yale Human Investigation Committee 
prior to initiation of the study. 

Erposure Analysis 

Since virtually none of the subjeds had worked in an environment 
from which adequate environmental sampling for asbestos had 
taken place during the periods of exposure, average and cumulative 
doses were calculated using the relative scale as described by 
Nicholson et al.'"·" 

Analysis of BAL Fluid 

Recovered fluid was filtered through a layer of gauze to remove 
mucus and centrifuged to pellet cellular elements. Cells and fluid 
from aliquot 1 were analyzed separately from the remaining fluid, 
which was pooled for subsequent analysi,. ' .. "' Total nucleated cdls 
(rNC) were quantified by hemocytometer; 10' TNC were i>elleted 
onto glass slides by cytocentrifugation and stained by modified 
Wright's Giemsa (Dif quick, Harleco}. Differential c.-ell counts were 
performed by counting the i>ercentage from 500 stained cells. 'fotal 
protein was assessed by Coomassie blue using serum albumin as 
standard and free secretory component and the keratins were 
quanti6ed by enzyme-linked immunosorhent assay (ELISA} as 
described previously in detail.,..., 

Several systems to express the final BAL data have heen pm­
posed; ..... the lack of uniformity reAects the absence of a c.1>nsensus 
on the most appropriate system. A recent COOIJerative study has 
published values for nonnal volunteers and r.mges for several 
disease states ... Our method for BAL is similar to theirs and we 
have adopted their method for data expression of all variables. 
Therefore, we counted TNC recovered and differential percentage 
of each cell type. These values and BAL eflluent volume were used 
to calculate cell concentrations per milliliter of ret.11vered fluid . 
Proteins were expressed as their t,>ncentmtion in BAL fluid as 
discussed.~-•'"' 

l'roce.,.ri"lt of Blop.,y Specime••• 

Biopsy specimens were fixed for 6 b in glutaraldehyde-parafor­
maldehyde fixative and embedded in paraffin, and two slides 
containing 12 4-µ.m sections were cut and stained with hematoxylin­
eosin. All biopsy specimens were sc.~>red in hlinded fashion by one 
of us (D.C.} who was unaware of the identity or BAL findinjits of 
study subjects. The biopsy material was smred with respect to the 
worst metaplastic lesion present on a three-point scale similar lo 
the description of Gouveia et al.,. Briefly, histologic specimens of 
pooled biopsy material from each study subject were scored for the 
worst muc.-osal lesion seen in multiple cuts as described above. 
When basal cells (normally a single layer} were increased to three 

or more cell layers, basal cell hyperplasia was diagnosed. Basement 
membrane thickening and goblet t-ell hyIJerplasia were often noted. 
This lesion was seen in all subjects and was the worst lesion seen 
in 27. Full-thickness hy!Jerplasia. seen in four subjects .. was diag­
nosed when basal cells formed the full thickness of the membrane 
hut kemtinization was ahsent . Keratini:zation. present in 15 subjects. 
was detem1ined by the presence of numerous interc.-ellular hridges .. 

Data Analysis and Erclwions 

A total of 50 subjects had hronchosc.•opy. Two subjeds tolemted 
the pmc:edure poorly (cough. one; presynt.11pe, one} and no results 
were ohtained. Two subjects had no mums., visible in hiopsy tissue 
and were excluded. Finally, a proc:essing error occurred during 
preparation of cell differential munts of three subjects and their 
C)'locentrifuge preparations c.11uld not he interpreted. The remaining 
43 c.·ases are reported in detail helow. Results of all evaluations and 
analyses were coded on a microc-omputer (Macintosh 11) and 
analyzed (using Data Desk Professional. Odesta, Northhrook, Ill). 
For nonparametric analyses, a computer (IBM PC AT} and statistical 
software (CRUNCH 4. Cmnch Software, Oakland, Calif) were 
employed. The distribution of all relevant variables was first 
evaluated for normality and appropriate tmnsformations were made 
where nec.-es.sary. Correlations among paired variables were explored 
using Pearson correlation for c.•ontinuous variables and Spearman 
rnnks for categoric data such as metaplasia grades. Subsequent 
statistical comparisons were made using Students t test and analysis 
of variance for continuous variables, x• analysis for proportions, and 
Kruskall·Wallis and Mann-Whitney U test for nonparametric anal­
yses. Multiple logistic regression analyses were used to evaluate 
relationships hetween acute inflammatory cells and metaplasia, 
controlling for demographic variahles. 

RESULTS 

Detection of Metaplasia and Demographic Variables 

Assessable biopsy specimens were obtained suc­
cessfully from 46 of the study subjects. Two subjects 
did not complete the protocol because of technical 
factors and in two subjects epithelium was not de­
tected. The most severe pathologic change (metaplasia 
with keratinization) was detected in 15 subjects (one 
third of the biopsy specimens). Four subjects had full­
thickness hyperplasia and 27 subjects had basal cell 
hyperplasia. The presence of cigarette smoking­
whether scored as ever smoked vs never smoked; as 
current smokers, ex-smokers, and never smokers; or 
as pack-years of smoking-was not significantly related 
to the presence of metaplasia on biopsy specimens 
(p>0.2 for all comparisons). As shown in Table l, no 
other demographic variables were specifically related 
to the presence of metaplasia (p>O. l for all compari­
sons). 

Smoking and BAL Parameters 

We assessed the effect of smoking on recovery of 
acute inflammatory cells. Smoking increased signifi­
cantly the recovery ofTNC from the lower respiratory 
tract (Table 2). Mean numbers of acute inflammatory 
cells were lowest in never smokers and highest in 
current smokers. Ex-smokers were intermediate be­
tween these groups. However, none of these differ­
ences was statistically significant (p>0.2 for all com-
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Table I-Demographic Variables and Metaplasia 

Metaplasia• 

Demographic Variable (-) (+) 

Age, yr 60.9 60.8 
Smoking 

Pack-years 3.5±28 43±40 
Ex-years 10.5±9 13± 10 

Asbestos exposure 
Age Grst, yr 2.5±7 24±6 
Latency, yr 34.8± 10 36± 10 
Total dose 13±8 16± 10 

•Metaplasia ( +) refers to the presence of keratinizing squamous 
metaplasia in random biopsy specimen. Lesser degrees of bron­
chial mucosal injury are scored metaplasia ( - ). Ex-years= years 
since last cigarette; age Srst = age at Srst exposure to asbestos; 
total dose = total dose of asbestos in insulator-years. The method 
of assessment is described in reference 14. Values represent 
mean±SD. 

parisons by Kruskal-Wallis test). 

Metaplasia and BAL lbrameters 

We assessed the relationship of concentrations of 
free secretory component and the keratins in BAL 
samples to the presence of metaplasia in the biopsy 
specimens. There was no specific relationship of either 
of these protein parameters to the presence or the 
degree of metaplastic abnormality in bronchial biopsy 
specimens. In fact, the presence of keratins in bron­
chial wash fluid was more common among subjects 
who did not have severe metaplastic lesions on biopsy 
specimen, although this difference was not significant. 

By contrast, both neutrophilic granulocytes and 
eosinophils were more commonly seen in the pooled 
cell populations of subjects with keratinizing squamous 
metaplasia compared with those without this change 
(fable 3). Their sum (neutrophils + eosinophils) was 
also significantly increased. In an attempt to control 
for the effect of smoking on lung inflammatory cell 
populations, we analyzed the populations subgrouped 
by cigarette smoking status and by the presence or 
absence of keratinizing metaplasia. Subgroup analysis 
indicated that inflammation was still related to meta­
plasia in all groups; however, this was significant only 
for the largest group. For example, although most 
comparisons demonstrated higher numbers of acute 
inflammatory cells in subjects with metaplasia (fable 

Table 3-BAL Inflammatory Cell. in Metapuma: Subjecta 
Separat.ed by Smoking Claas• 

Class n M Neut/ml EOS/ml Gran/ml 

All 29 (-) 3.7±6.0 7.2±2.5 5.8± 12 
All 14 (+) 13± 18t 8.7±14 22±29t 
Never 6 (-) 1.1 ± 1.3 0.48±0.56 1.62± 1.6 
Never 2 (+) 4.2±3.2 l.96±2.7 6.2±6.0 
Ex 17 ( - ) 3.2±5.2 l.6±2.8 4.8±6.7 
Ex 8 (+) 15.5±20t 10.9± 18t 26.5±37t 
Smoke 6 (-) 4.9±8.1 23±54 28.5±61 
Smoke 4 (+) 14±18 7.5±5.7 21.9±20 

*All indicates all study subjects; M +/- refers to the presence or 
absence of keratinizing squamous metaplasia. Other abbreviations 
are similar to Table 2. 

tp<O.o.5 for ex-smokers with metaplasia compared with ex-smokers 
without metaplasia. 

3), p values achieved significance only for ex-smokers 
(p<0.05, Mann-Whitney U test). Among never smok­
ers, the trend for polymorphonuclear leukocytes per 
milliliter was in the same direction (p<0.09, t test). 
For each smoking subgroup. smoking intensity and 
duration (pack-years) were not different among those 
with and without keratinization. 

Finally, we then assessed the relationship between 
acute inflammatory cells and metaplasia with logistic 
regression analysis. In these models, squamous meta­
plasia was the outcome variable and the concentrations 
of acute inAammatory cells (neutrophils in one model 
and eosinophils in the second) were the primary 
predictor variables. Prior analyses demonstrated that 
values for neutrophils and eosinophils per milliliter of 
BAL fluid were not normally distributed. Therefore, 
we divided the population into groups with high and 
low (greater or less than 5 x 101 cells per milliliter, 
respectively) neutrophil concentration. Subjects were 
similarly subdivided by eosinophil concentration for 
the second analysis; however, a third group was used 
(eosinophils =0/ml; >0, <5 x 101; >5 x 101) because 
of the relatively large number of subjects with no 
eosinophils. Results of these analyses revealed a sig­
nificant association between neutrophil concentration 
and squamous metaplasia after controlling for other 
variables (odds ratio, 9.91; range, l.62 to 61). Eosino­
phils showed a weaker association (odds ratio, 7.6; 95 
percent Cl, l.o.5 to 5.5.2) for subjects with the highest 
number of eosinophils in a separate analysis. 

Table 2-Effect of Smoking on Cell Population&• 

Class TNC %Neut Neut/ml %EOS EO/ml %Gran Gran/ml 

Never 27.4±20 0.7±0.8 l.9±2.2 0.34±0.38 0.85±1.3 1.0± l.O 2.7±3.3 
Ex 70.2± 138 4.0±9.2 9.4± 15 2.3±6.8 6.5± 13 6.3± 15 16±26 
Smoke 117.6±90t l.0± 1.1 8.7± 13 2.3±2.3 17±41 2.3±2.3 11 ± 16 

•Class= smoking classi6cation; never= lifelong nonsmokers; ex = subjec.1.s who had discontinued smokin~: smoke "' current smokers; 
TNC = total nucleated cells rec.'Overed by BAL: %Neut. %EOS. %Cran= percentages of neutrophils, eosinophils, and their sum, respectively; 
NeuVml, EOS/ml, and Gran/ml= numbers of neutrophils, eosinophils, and their sum per mililiter of recovered BAL fluid. 

tp<0.02 for smokers vs other w-oups by Kruskal-Wallis test . 
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DISCUSSION 

In these experiments, we have assessed the role of 
a variety of cellular and protein parameters quantified 
in BAL Ouid as markers of a tendency toward severe 
bronchial mucosal injury. We chose this end-point 
because in many animal modelslll6·27 and in human 
pathologic specimens, 211•28 metaplastic change in the 
bronchial mucosa is an important marker of illness. 
For example, while this biologic end-point does not 
obligate the future development of a tumor, metaplasia 
is invariably seen in the presence of pulmonary 
carcinoma in both humans and animals. 28 Moreover, 
others have shown a significant ability for random 
biopsy specimens to detect this change and also to 
demonstrate its resolution with appropriate interven­
tion.11·12 Thus, this tissue change seems to be a 
reasonable surrogate for severe bronchial injury. 

Subjects with severe metaplastic injury detected by 
biopsy specimen had significant increases in the 
number of recoverable acute inOammatory cells. 
Smoking did have an effect on cell recovery. The total 
number of cells recoverable by BAL of the lower 
respiratory tract was increased by smoking; however, 
numbers of acute inOammatory cells were not (Tobie 
2). When subjects were grouped by smoking class, 
those with metaplasia still tended to have higher 
numbers of acute inftammatory cells (Table 3). How­
ever, these results were significant only for the largest 
subgroup. Significantly, the effect of inftammatory 
cells on keratinizing metaplasia held true for cells 
from the pooled alveolar sample. We have reported 
previously that studies of cells in the first aliquot of 
BAL, presumably derived from airways, •s-~ bore no 
specific relationship to the presence of metaplasia in 
large airway biopsy specimens. 30 Moreover, these cells 
bore no specific relationship to the acute inflammatory 
cells recovered in subsequent aliquots. Thus, it may 
be reasonable to assume that inftammatory cells in 
the "alveolar" sample are markers of reactions in the 
more distal airways or alveolar space and that it is 
alveolar space inflammation that is associated with 
metaplasia. 

Although cigarette smoking is an important epide­
miologic factor in the evolution of mucosal injury, it 
was not associated with the presence of metaplasia in 
airway biopsy specimens in our study whether ana­
lyzed by category or by pack-year. For example, two 
of eight subjects who had never smoked had detectable 
metaplasia while 21 of 35 smokers and ex-smokers 
appeared to escape this problem. There was a ten­
dency for subjects who currently smoked or those 
with a smoking history to have a higher frequency of 
metaplasia. This tendency was not significant, perhaps 
because of the presence of two factors (smoking and 
asbestos exposure) capable of causing airway injury. 
Perhaps our data are a correlate of the epidemiologic 

observations concerning cancer development in smok­
ers and asbestos workers. 31 Conceivably the synergistic 
effects of two stimuli are necessary for maximum 
effect. Smoking has been associated with the devel­
opment of small irregular opacities on chest roentgen· 
ograms32·33 that are thought to be markers of asbestos­
induced parenchymal injury. Moreover, in one study, 
pulmonary carcinomas were always found in the 
setting of lung fibrosis.9 Our data, although not defin­
itive, are suggestive that the inflammatory effects of 
the two stimuli may well be an important common 
pathway for bronchial injury and the development of 
cancer. 

Presumably, cigarette smoking predisposes to lung 
cancer because of the presence of carcinogens con­
tained within smoke, carcinogens synergistic with 
asbestos. 8 However, smoking also increases the num­
ber and types of inflammatory cells recoverable from 
the lower respiratory tract. 34 Conceivably, this increase 
of inftammatory cells is also important in the predis­
position to metaplasia. Infectious and irritant stimuli 
are both associated with the presence of metaplastic 
change in both the respiratory21 and the gastrointes­
tinal tracts.35 In8ammation has also been linked to 
metaplastic lesions among asthmatics•~ and coke oven 
workers. 36 Moreover, chronic inftammatory and fibrotic 
diseases of unknown cause are also occasionally com­
plicated by the development of pulmonary carci­
noma. 37·38 Therefore, it is certainly conceivable that 
the tendency for both smoking and asbestos exposure 
to increase the local recruitment of inftammatory cells 
to the lung is an important synergistic mechanism 
both for the development of fibrosis and for the 
production of bronchial metaplasia. 

The mechanisms that might cause this association 
are not well known; however, some have been pro­
posed. For example, neutrophils when activated in 
vitro can cause alterations in bacterial DNA, and this 
is blocked by the presence of antioxidants in the 
media. 39 Activated neutrophils can also "activate" 
smoke carcinogens by an oxidative mechanism. 40 Al­
ternatively, the presence of neutrophils and eosino­
phils may be a marker for activation of other cells. 
Activated macrophages can release a variety of stimuli 
that can alter the growth and differentiation of other 
cells. 5•41.•2 These factors can also affect bronchial 
epithelial cells, changing their differentiation and gene 
expression. 43·~ Finally, bronchial epithelial ceJls, stim­
ulated with inflammatory agonists, can themselves 
express growth factors. 45 This observation suggests 
that in certain situations, epithelial cells may partici­
pate in this process in an autocrine fashion. 

Although the precise pathways are uncertain, our 
data suggest an important link between inflammation, 
induced by the stimuli of smoking and asbestos, and 
the development of metaplasia in large airways. This 
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suggests a need for evaluation of the role of inflam­
matory cells and their products in the processes of 
cell transformation. Moreover, if these studies are 
confirmed, they may indicate a role for the broncho­
scopic assessment of inflammation · in the clinical 
assessment of exposed patients. 
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