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RIASSUNTO. 25 soggetti (24 maschi e 1 femmina, eta media
57,4 anni), esposti ad amianto, sono stati sottoposti a:
Radiografia torace, Tac torace ad alta risoluzione (HRCT),
Prove funzionali e L avaggio Broncoalveolare (BAL) con

deter minazione delle componenti cellulari (cellularita totale,
percentuale di macrofagi, linfociti, granulociti ed eosinofili e
sottopopolazioni linfocitarie CD3+, CD4+, CD8+, CD19+ e
HLADR+) e solubili (IL8, IL10, IL12 e MCP-1 nel surnatante).
| soggetti esaminati sono stati suddivisi in gruppi, in base
all’entita dell’ esposizione, alla concentrazione di fibre di
asbesto nel BAL e al quadro radiologico secondo la
classificazione |.L.O. (0/0, 0/1 e 1/0 e superiori). In rapporto
agli indici di esposizione, e stato evidenziato un significativo
aumento della percentuale di linfociti (p<0.05) nel BAL dei
soggetti con esposizione di grado moderato e della
concentrazione di | L-10 (p<0.05) nel surnatante dei soggetti
con assenza di corpuscoli dell’ asbesto nel BAL. Nel gruppo con
quadro radiologico 0/0 e 0/1 si & osservata una piu elevata
percentuale di linfociti (p<0.02) nel BAL, mentre un aumento
dei granulociti neutrofili si € notato nei casi con piu evidenti
segni di fibrosi polmonare. La percentuale dei neutrofili &
risultata inversamente correlata ad alcuni parametri
funzionali respiratori quali la capacita vitale e la pressione
parziale di ossigeno nel sangue. Lo studio delle citochine, nel
surnatante del BAL, ha evidenziato una riduzione della
concentrazione dell’IL-10 con la progressione del quadro
radiologico, ed una correlazione negativa, statisticamente
significativa, di tale citochina con la pO2 (p=0.048). Per quanto
riguarda le altre citochine e chemochine studiate (MCP-1, IL8
e|L12) non sono state rilevate differenze significative in base
quadro radiologico. Si € pero evidenziata una correlazione
positiva fra concentrazione di | L8 e percentuale di neutrofili
(p=0.038) e fra concentrazione di M CP-1 e percentuale di
linfociti (p=0.006). E stata inoltre osservata una correlazione
negativa tra le concentrazioni di IL-10 e IL-12 nel BAL
(p=0.028). | risultati di questa ricercainducono a ipotizzare
che IL-10 eserciti un importante ruolo nella patogenesi e nella
evoluzione della asbestosi.

Parole chiave: asbestosi, lavaggio broncoalveolare, citochine.
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Twenty-five subjects (24 males and 1 female, mean age 57.4
years) who have been exposed to asbestos underwent chest
radiography, high resolution computed tomography (HRCT) of
the chest, lung function tests and bronchoalveolar lavage (BAL)
for evaluation of cell components (total cell count, percentages
of macrophages, lymphocytes, neutrophil and eosinophil
granulocytes and the lymphocyte subpopulations CD3+, CD4+,
CD8+, CD19+ and HLADR*) , soluble factors (IL-8, IL-10, IL-
12 and MCP-1 in the supernatant) and concentration of asbestos
fibre. The subjects were subdivided according to the degree of
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their exposure, to the concentration of ashestos fibresin the BAL
and to chest X-ray findings using the |.L.O. classification (0/Opl,
0/1 and 1/0 and above). According to the exposure index, we
showed statistically significant (p<0.05) higher lymphocytes
percentage in the BAL of subjects with moderate exposure and
significantly higher levels of 1L-10 (p<0.05) in the supernatant
of subjects showing an absence of asbestos fibresin their BAL.
In the group of subjects with a 0/0 and 0/1 radiological profile,
the cellular component of the BAL was characterised by a higher
percentage of lymphocytes (p<0.02), whereas a trend toward an
increase in the number of neutrophils was noted in subjects with
obvious pulmonary fibrosis. The percentage of neutrophils was
inversely correlated with some parameters of respiratory function
such as vital capacity (p=0.03) and the partial pressure of oxygen
(p=0.05) in the blood. I nvestigating the cytokinesin the
supernatant of the BAL, we found a trend toward lower
concentration of IL-10 in the group showing the worst
radiological picture (I.L.0.21/0), and a statistically significant
negative correlation between this cytokine and pO2 (p=0.048).
Concerning the other cytokines and chemokines studied (MCP-1,
IL-8 and IL-12), no significant differences were found to be
associated with the radiological profiles. There were, however,
positive correlations between the concentration of 1L-8 and the
percentage of neutrophils (p=0.038) and between the
concentration of MCP-1 and the percentage of lymphocytes
(p=0.006). A negative relationship between the concentrations of
IL-12 and I L-10 has been also observed (p=0.028). This research
allows us to hypothesise that | L-10 may have a pathogenetic role
in the evolution of asbestosis.

Key words: asbestosis, bronchoalveolar lavage, cytokines.

Introduction

In the last decade experiments on guinea-pigs (22, 32,
16, 15) and observational studies of people exposed to
ashestos (7, 11, 18, 33, 38) have helped to increase our
knowledge about the immunopathogenetic mechanisms
which regulate the cellular and humoral responses to inha-
ling asbestos fibres into the lungs.

In particular, it has been possible to define the role of
inflammatory cytokines, cell growth factors, and oxidant
radicals in the development of tissue damage and the
consequent fibrogenesis (28). Most of the published stu-
dies have used bronchoalveolar lavage (BAL) as the te-
chnique for sampling cellular material and soluble fac-
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tors from the alveolar environment (3, 10, 42, 42). BAL
was a method introduced in the 1970’s to study intersti-
tial lung diseases (12) and although it is diagnostic for
only some types of interstitial lung disease, it does play
an important role in evaluating the activity of the disea-
se and its prognosis as well as being a useful research
tool. In the field of occupationally associated interstitial
lung diseases, BAL may be indicated for the following

purposes (11):

* to exclude other diffuse infiltrative diseases (sarcoido-
sis, aveolar haemorrhages, neoplasms, etc.) in patients
occupationally exposed to respiratory hazard.

* to document that exposure to asbestos has indeed oc-
curred in subjects without a strong occupational hi-
story,

* tostudy thelocal immune-mediated inflammatory pro-
cesses (alveolitis).

The aim of this study was to determine the relationshi-
ps between the level of asbestos bodiesin BAL specimens
with cell counts and cytokine parameters and how these
parameters relate to pulmonary physiology, radiology and
asbestos exposure.

Materials and methods

We studied 25 subjects (24 males and 1 female) with a
past occupational history of exposure to asbestos. The
subjects were admitted to the Ingtitute of Occupational
Medicine of Paviafor diagnostic and medico-legal evalua-
tions in the context of suspected asbestosis. The patients
had worked in the following industrial sectors: ship con-
struction (n=6); iron works (n=7); asbestos and cement
works (n=7); other (n=5).

Their mean age (+ s.e.) was 57.4 + 1.84 years (range
24-72 years) and the mean (£ s.e.) exposure duration was
24.5 + 2.28 years (range 5-39).

An accurate occupational history was taken from all
the subjects followed by careful clinical examination. The
subjects were semiquantitatively classified into three risk
groups, taking into account the probability, intensity and
length of their exposure to asbestos:

— Mild exposure (n=9)

— Moderate exposure (n=8)

— Heavy exposure (n=8)

The patients' smoking habits were quantified on the ba-
sisof pack year and thisinformation was used to divide the
patients into 4 classes:

— 0 pack year (n=6)

— 1-20 pack year (n=5)

— 21-30 pack year (n=6)

— 31-50 pack year (n=8)

The patients also underwent the following instrumental
investigations as part of their diagnostic investigations:

— respiratory function tests: vital capacity (VC), forced
expiratory volume in one second (FEV1), Tiffeneau’'s
index (FEV1/VC), residua volume (RV), and carbon
monoxide diffusing capacity (DLCO) by single breath
method, were measured with a spirometer (Master-
screen FRC, Jaeger). The results of these lung function
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tests were expressed as percentages of the minimum re-

ference values given by the European Community for

Coal and Steel (ECCS) tables (30).

Arterial blood-gas samples were studied using a blood
gas analyzer (Synthesis 10, Instrumentation laboratory):
the results were expressed as mmHg.

— standard chest X-ray (P-A and lateral projections)
using digital type.

The chest X-rayswere evaluated according to the Inter-

national Labour Office (1.L.O.) classification by a sin-

gleradiologist with expertise in this type of judgement.

— high resolution computed tomograpy (HRCT) of
the chest.

The patients were divided on the basis of their radiolo-

gical picture into 2 subclasses according to the I.L.O.

classification:

Class 0/0- 0/1: parenchymal opacities absent or less

profuse than in category 1 (n. 14)

Class 1/0 and higher: presence of increasingly profu-

se parenchymal opacities (n. 11)

— bronchoscopy with bronchoalveolar lavage (BAL).
The bronchoscopy was carried out using a Flex Pentax
EBH bronchoscope or with an EB-1830T2 Pentax vi-
deobronchoscope.

The BAL was performed following the guidelines of

the European Respiratory Society (21): three 50 ml ali-

quots of physiological saline (0.9% NaCl) wereinfused
into the middle or lingular bronchus. Each of the three
aliquots was reaspirated, collected into separate coni-
cal-bottomed test-tubes and then stored onice. The se-
cond and third washings were used for the cytological
and immunological studies. Once the BAL samples
reached the laboratory they were filtered through steri-

le gauze (8, 21, 37).

The following evauations of the BAL were carried out:
1) absolute and differential cell count: macrophage,

lymphocyte, neutrophil and eosinophil granulocyte;

2) lymphocyte subpopulations: total lymphocytes (CD3),
T helper lymphocytes (CD4), cytotoxic T lymphocytes
(CD8), B lymphocytes (CD19), and activated T
lymphocytes (HLADR);

3) concentration of the asbestos bodies in the BAL by
means of optical microscopy,

4) supernatant levels of cytokines: interleukin 8 (IL-8), in-
terleukin 10 (IL-10), interleukin 12 (IL-12) and mo-
nocyte chemotactic protein (MCP-1).

The total cell count was determined using a Burker
chamber. Aliquots of 10 ml of sample were prepared and
centrifuged at 1500 rpm for 15 minutes in order to separa-
te the cells from the overlying supernatant. The superna-
tant was then concentrated to 50% of its volume by ultra-
filtration and used for the cytokine assays. The pellet was
resuspended in cold phosphate buffer saline (PBS) at pH
7.2, and then diluted or concentrated in order to obtain
between 200,000 and 300,000 cells/ml; aliquots of 100 pl
of this suspension were used to set up the slides for the cy-
tological examinations.

The slides were centrifuged by cytospin for 5 minutes
at 500 rpm and then stained with an acid-base method
(Diff-Quick) and examined by optical microscopy.
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The same suspension of the initial cell pellet was used
to determine the lymphocyte subclasses (CD3, CD4, CD8,
CD19, HLADR) by flow cytometry (Ortho Cytoron) em-
ploying specific monoclonal antibodies (Ortho).

The following soluble components were assayed in the
supernatant:

e MCP-1: the assay was carried out using an ELISA
method with a pair of antibodies developed by R&D
Systems (MN, USA). Human monoclonal anti-MCP-1
(clone 23007.1119) at a concentration of 1pug/ml was
used as the coating antibody whereas the detecting an-
tibody was biotinylated human polyclona anti-MCP-
1 at a concentration of 50ng/ml. The limit of sensiti-
vity of the kit is 3.4 pg/ml of recombinant human
MCP-1.

e |L-8: theassay was carried out using an ELISA method
with a pair of antibodies developed by Immunokontact
(Frankfurt-am-Main). The coating antibody was human
monoclonal anti-1L-8 (clone 3IL8-H10), used at a con-
centration of 1 pg/ml, and the detecting antibody was
biotinylated human monoclonal anti-1L-8 (clone 18-S2)
used at a concentration of 50 ng/ml. The limit of sensi-
tivity of the kit is 1 pg/ml of recombinant human IL-8.

e |L-10: the assay was performed using an ELISA
method with a pair of antibodies developed by Immu-
nokontact (Frankfurt-am-Main). The coating antibody
was monoclonal anti-IL-10 (clone 9016.2), used at a
concentration of 4 pg/ml, and the detecting antibody
was biotinylated monoclona anti-I1L-10 (clone JES3-
1248) at a concentration of 50 ng/ml. The limit of sen-
sitivity of the kit is 1.6 pg/ml of recombinant human
IL-10.

e |L-12: The assay was carried out using an ELISA
method with a pair of antibodies developed by Endo-
gen (Woburn USA). Monoclona anti-IL-12 (clone
20C2) at a concentration of 4 pg/ml was used as the
coating antibody and biotinylated monoclonal anti-IL-
12 (clone C8.6) at aconcentration of 1 ug/ml asthe de-
tecting antibody. The limit of sensitivity of the kit is 3
pg/ml of recombinant human IL-12.

The reference values for the cell components and solu-
ble factorsin the BAL were those obtained from an internal
reference group tested in the clinical immunology |aborato-
ries of the Fondazione Salvatore Maugeri and the Institute
of Respiratory Diseases of the University of Pavia

The mineralogical studies and identification of any
asbestos bodies were carried out by optical microscopy
(14) of specialy prepared membranes as well as directly
on the cytospin. To thisaim, 10 ml of previously not filte-
red BAL were centrifuged at 1500 rpm for 10 minutes and
the sediment obtained resuspended in 10 ml of sodium hy-
pochlorite 10% (sodium hydrate and hypochlorite solu-
tion, Carlo Erba) and then incubated for about 24 hours at
a constant temperature of 40°C in order that complete cell
digestion of all organic components took place. The solu-
tion was then filtered through a cellulose nitrate membra-
ne filter with a mean porosity of 0.8 um and a diameter of
25 mm, using Luer Lock syringes with a Millipore adap-
ter. The membranes prepared in this way were diaphanised
with hot acetone vapours, mounted on dlides, added with
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two drops of glycerol triacetate (triacetine) and covered
with a cover dip. After a two hours delay they were exa-
mined under the optical microscope.

For the scan electron microscopy (SEM) examination
the membrane filter, prepared with the previously descri-
bed method, were diaphanised with hot acetone vapours
on auminium support (stub) and subsequently submitted
to a vacuum deposition on the surface of a thin carbon
layer (graphite), to obtain a good electrical conductivity.
Finally the membrane was observed by the electron mi-
croscope (SEM Leica, Mod. STEREOSCAN 430), equip-
ped with a X-ray analysis of elements (energy dispersion).
The analysis was performed with a 2000x magnification,
examining 1000 fields (25).

The examined subjects have been classified into two
groups according to the presence or absence of asbestosis
bodies (AB) in the BAL:

— AB absent (n=12)
— AB present (n= 13)

The latter has been further subdivided into two sub-
group according to the concentration of AB in the BAL:
e <10AB/ml (n=7)

e >10AB/ml (n=6)

Statistical analysis

The chi-squared test (X2 (Mantel-Haenzel test) was
used to eval uate the associations between the evaluated risk
factors (degree of exposure, asbestos bodies in the BAL),
the severity of the radiological picture and smoking habits.

The comparisons of the variables between the groups,
identified according to their risk factors, were done by stu-
dent T test, analysis of the variance and the post-hoc test
for those variables which emerged as being statistically si-
gnificant. The value of each variable has been expressed as
meantstandard error. Regression analysis was used to eva-
luate the association between cytological parameters, cy-
tokine assays and respiratory function.

Thelevel considered to be statistically significant in all
tests was 0.05.

Results

Of the group of patients examined, 11 did not have
any respiratory symptoms, while 14 had symptoms (12
dyspnoea, 2 cough). 17 subjects had normal, 4 restrictive
syndrome and 4 obstructive patterns spirometry.

The table | shows the descriptive statistics for the cel-
lular and soluble components of the BAL and the respira-
tory function data.

Comparing the non-smokers and smokers, the former
had higher levels of pO2 (p<0.05), but no significant dif-
ferences were found in lung volumes, cell components or
soluble factorsin the BAL.

Smoking habits were uniformly distributed between the
subclasses of subjects defined according to degree of exposu-
reand |.L.O. profusion asbestosis bodies in the BAL (X2 test:
not sgnificant). Thus smoking was not considered in this
sample population as aconfounding factor in the comparisons
and the subsequently investigated relationships.
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Table 1. Descriptive statistics of the BAL and respiratory function parameters in the studied subjects
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MEAN =+ MEDIAN RANGE REFERENCE

STANDARD ERROR MIN/MAX VALUES
Cells/ml x 1074 33.54 £ 3.94 26 6.0/81.0 <20 x 10M4
Macrophages % 88.34 £ 2.40 94.7 58.0/99.0 >85%
Lymphocytes % 7.63+1.59 3.8 .30/29.0 <13%
Neutrophils % 3.36+1.59 .8 0.0/36.8 <3%
Eosinophils % 0.49 +0.11 2 0.0/1.6 <0.5%
CD-3 % 58.26 + 4.98 65 5.5/89.0 63-83%
CD-4 % 33.82 £ 3.59 33 1.8/76.0 40-60%
CD-8 % 23.61 +2.56 24 2.5/45.0 20-40%
CD-4/CD8 % 1.73+0.22 1.3 A4/ .44 1.2-25
CD-19 % 0.88 £ 0.78 7 0.0/3.0 0-4%
HLA-DR % 15.95 +2.39 12.8 1.3/36 < 5%
MCP-1 pg/ml 26.07 +7.29 13.99 0/108.9 0-21.17
IL-8 pg/ml 29.93 + 9.52 10.88 0.0/178.9 0-17.1
IL-10 pg/ml 27.17 £8.12 17.68 0.0/149.2 0-24.5
IL-12 pg/ml 13.24 +1.81 12.92 1.99/30.22 0-10.45
VC (L) 3.86+0.15 3.90 2.40/5.50 -
VC% pred. 119.2 + 4.49 123.0 73.0/176.0 -
FEV1 (1) 287+ .137 281 1.8/47 -
FEV1% pred. 126.52 + 5.06 121.0 85.0/194.0 -
FEV1/VC% 7416 £1.39 75 58.0/85.0 -
DLCO mICOxmmHg/min 295+1.16 27.25 21.0/42.0 -
DLCO% pred. 113.39 + 3.74 116 82.3/147.0 -
PO2 mmHg 77.78 +1.84 76 65.0/98.0 -

Degree of exposure

The correlations between the cytological parameters of
the BAL (total cell count, percentage of macrophages,
lymphocytes, granulocytic neutrophils and eosinophils)
and the degree of exposure were evaluated. A statistically
significant (p<0.05) higher percentage of lymphocytes
(13.07 £ 2.31%) was found in the BAL from subjects with
moderate exposure, in comparison with the mild (2.53 +
2.18%) and heavy (7.07 = 2.31%) exposure groups. No
statistically significant correlations emerged between the
concentrations of MCP-1, IL-8, IL-10 and IL-12 in the
bronchoalveolar lavage and either the degree of exposure.
Moreover we didn’t find any significant difference compa-
ring the degree of exposure to both the respiratory functio-
nal parameters and the radiological picture.

BAL Mineralogical study

We investigated whether there was any relationship
between the concentration of asbestos bodies (AB) in the
bronchoalveolar lavage fluid and degree of exposure, cy-
tological and humoral parameters of the BAL, the radiolo-
gical picture and respiratory function.

The levels of AB in the BAL was not related to the de-
gree of occupational exposure to asbestos, the radiological

picture nor to respiratory function parameters. There were
no statistically significant correlations between the concen-
tration of AB and cytological findingsin the BAL, while a
significant increase of 1L-10 concentration has been found
in subjects without AB in the BAL fluid (AB absent: 42.73
+ 13.44 pg, p<0.05) compared to the others (AB present:
10.05 £ 5.0 pg); the latter showed an increase of 1L-8 of
border line significance (Fig. 1a). Finally a further evalua-
tion of cellular and soluble components of the BAL, accor-
ding to the concentration of asbestos fibres (<10 AB/ml vs
<10 AB/ml), did not show significant differences.
Ultramicroscopy and analysis of the asbestos bodies in
the BAL was carried out by X-ray scanning electron mi-
croscopy in one patient. This confirmed the presence of
asbestos fibres, identified as amosite fibres (Photo 1a, b).

Radiological picture

Comparing the cytological parameters of the BAL with
the radiological picture, a statistically higher percentage of
lymphocytes was found in the group with the radiological
I.L.O classification 0/0-0/1 (10.57+2.46%, p<0.02), com-
pared to in those with pleuro-parenchymal lesions
(3.27+£0.89 %) (Fig 1b). There was a more marked alveo-
lar neutrophilia in the subjects with overt pulmonary fi-
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Figure 1. Comparison of cellular and humoral components of BAL according to the AB concentration in BAL and fo the

radiological picture.

The value of each variable is expressed as mean in the tables.

a) Concentration of cytokines according to the presence of asbestos bodies (AB] in the BAL (white bar=AB present; black
bar=AB absent)

b) Cellular profile of BAL according to the radiological picture (M= macrophages; L=lymphocytes; N=neutrophils;
E=eosinophils; white bar=I.L.0.<1/0; black bar=I.L.O. >1/0)

¢] Subsets lymphocyte in BAL according to the radiological picture (white bar=I.L.O.<1/0; black bar=I.L.O. >1/0)

d) Concentration of cytokines in the BAL according to rie radiological picture (white bar=I.L.0.<1/0; black bar=I.L.O. =1/0)
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Photo 1. Asbestos fiber (a), detected in the BAL from a patient affected with asbestosis. S.E.M. microanalysys trace (b) of the
charachteristic elements of the amosite fiber (a)
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brosis and in one patient with typical bilateral crackles at
the lung lower lobes but without radiological signs of in-
terstitial disease. Evaluation of the lymphocyte subclasses
showed a significant increase in total T lymphocytes
(CD3) (66.6+6.88% - p<0.05) in comparison to in the
group with a =1/0 picture (47.65+4.02%). Moreover, de-
spite an increase of T helper cells (CD4) (39.34 + 5.24%)
of borderline significance (p=0.05) in the group of subjects
with a 0/0-0/1 radiological picture, any significant diffe-
rence in the CD4/CD8 ratio has been observed (Fig. 1c).

Comparing the BAL concentration of the cytokines
according to the radiological picture, a trend for higher
levels of IL-10 and MCP-1 in subjects with a 0/0-0/1 ra-
diological picture (Fig 1d) was found, whereas IL-8 ten-
ded to be higher in the group with overt pulmonary fi-
brosis (1.L.O. 21/0).

Moreover the subjects with an advanced radiological
picture (1.L.O. = 1/0) had a significantly lower VC%pred.
(108.1+5.47% - p<0.05) and FEV1%pred. (113.5£5.12 -
p<0.02) than the subjects showing fewer radiologica
changes (127.9+5.94% and 136.7+7.11%, respectively).

r=0.55, p=0.009

0 20 40 60 80 100 120

20
18 7
16 7] r
14 7 X
12 ] C
MN% L
BaL !

[ ST -« R
[ | 1

(]
!

0 20 40 60 80 100 120 140 160 180 200

L8
c pg/ml

157

Regression analysis

There was a statistically significant positive correlation
between the concentration of MCP-1 and the percentage of
lymphocytesin the BAL (r=0.55, p=0.006) (Fig. 2a), whi-
le the concentration of IL-10 was inversely correlated with
pO2 (r=-0.43, p=0.048) (Fig. 2b). IL-8 was correlated
(r=0.43, p=0.038) with the percentage of granulocytic neu-
trophils in the BAL (Fig. 2c). The concentration of IL-12,
on the other hand, was inversely correlated with the con-
centration of IL-10 (r=-0.48, p=0.028) (Fig. 2d).

The comparison of the BAL cytology and respiratory
function showed a negative and statistically significant cor-
relation between the percentage of granulocytic neutrophils
and both vital capacity VC(%pred.) (r=-0.41, p=0.03) and
partial pressure of oxygen (pO2) (r=-0.3, p=0.05).

Discussion

Numerous studies were carried out, particularly in the
1980s, with the aim of demonstrating early changesin the

r=-0.43, p<0.05
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Figure 2. a) Relationship between the concentration of MCP-1 (x axis) and Lymphocytes % (L) (y axis) in the BAL
b) Relationship between the concentration of IL-10 in the BAL (x axis) and pO2 (y axis)

¢) Relationship between the concentration of IL-8 (x axis) and Neutrophils % (L) (y axis) in the BAL

d) Relationship between the concentration of IL-10 (x axis) and IL-12 (y axis). in the BAL.
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bronchoalveolar lavage of subjects exposed to asbestos
and of identifying more sensitive markers, either in the cell
component or the soluble part, of lung damage than radio-
logical findings or respiratory function tests.

Law no. 257/92 has largely prohibited asbestos proces-
sing in Italy and our investigation have shown bronchoal-
veolar changes in patients with past occupational exposu-
re to ashestos. Moreover, we evaluated the aveolar con-
centration of some cytokines (such as I1L-10 and IL-12),
not yet documented in the literature with regard to its rela-
tionship to exposure to asbestos.

Our study showed a homogeneous distribution of
smokers within the various classes of exposure and 1.L.O.
radiological pattern; for this reason smoking history was not
considered a confounding factor. Other authors have obser-
ved that in the BAL of subjects exposed to asbestos, ciga
rette smoking contributes more to the increase in macropha-
ges and eosinophils, while the percentages of lymphocytes
and neutrophils were not significantly affected (35).

The immunocytological evaluations of the bronchoal-
veolar lavage showed a significantly higher percentage of
lymphocytes in the group of subjects with a moderate de-
gree of exposure and a radiological picture characterised
predominantly by pleural plagues, compared to subjectsin
the other groups of exposure and subjects with pulmonary
fibrosis.

Notwithstanding the limitations due to the small popu-
lation sample, these results were in agreement with those
obtained elsewhere (10, 11); in fact, the most common fin-
ding in the BAL of subjects with documented exposure to
asbestos but without signs of pulmonary fibrosis was a
lymphocytic alveolitis. An increased aveolar lymphocyto-
sis also seemed to be associated with pleura plaquesand a
more stable radiological picture over time (39, 41). This
lymphocytic aveolitis was characterised by an expansion
of the T helper subpopulation with an increase in the
CD4/CD8 ratio and in surface markers of cellular activa-
tion (34, 38, 41). A study by Rom et a. (33) documented a
spontaneous release of IFN from the BAL cells of subjects
exposed to asbestos, suggesting a polarized Thl response
occurring in early stage of the disease. Nevertheless, the si-
gnificance of thisisolated increase in aveolar lymphocytes
was not completely clear in the case of ashestosis.

A study by Corsini et al. showed that genetically im-
munodeficient rats (BALB/c/nu/nu) exposed to asbestos
had a higher cell count (predominantly neutrophils) in the
BAL, and ahigher concentration of leukotriene B4 (LTB4),
prostaglandin E2 (PGE2), fibronectin and hydroxyproline
than rats of the same strain reconstituted with syngeneic
lymphocytes, suggesting that T lymphocytes have a protec-
tive role in the pulmonary inflammation and collagen de-
position caused by the inhalation of asbestos (9). Confir-
mation of this hypothesis comes from a study by Gellert
who identified a subgroup of subjects with T lymphocytic
alveolitis and a better lung function profile from among an
overall group of workers with asbestosis (18).

In the study by Al Jarad and colleagues (1993) the ra-
diological progression and annual decreasein lung function
(in particular lung diffusion) was inversely related to the
percentage of lymphocytesin the bronchoal veolar fluid (3).
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In subjects with advanced radiological disease, charac-
terised by signs of pulmonary fibrosis, there was a trend
towards a higher cell count/ml and a higher percentage of
granulocytic neutrophils.

This last result fits in with the natural history of fibro-
tic processes of the lung and is not specific to asbestosis.
The presence of polymorphonuclear cells infiltrating the
lung parenchyma is normally associated with fibrotic di-
sorders such as idiopathic pulmonary fibrosis and collagen
diseases. The neutrophils, attracted to sites of inflamma-
tion by cytokines rel eased by macrophages and lymphocy-
tes (IL-8, LTB4) (34), play an important role in the phase
of parenchymal damage by releasing proteolytic enzymes
(such as elastases and collagenases), myeloperoxidases
and free radicals. These cells do not, however, have much
influence of the phases of lung repair and remodelling be-
cause they neither release fibroblast growth factors nor sti-
mulate the production of collagen fibres (36).

Observations of cohorts of workers have shown, abeit
not unequivocally, an increase in neutrophilsin the BALF
of subjects with asbestosis compared to in those only ex-
posed to this mineral, highlighting the correlation between
neutrophil alveolitis and greater radiological changes and
more pronounced deterioration of respiratory function in
longitudinal studies (13, 18, 42). A study by Robinson in
1986 (31), despite showing a correlation between the per-
centage of neutrophilsin the BAL and the duration of ex-
posure to asbestos, did not demonstrate a significant diffe-
rence in the severity of the alveolitis among subjects with
radiological and functional changes associated with asbe-
stosis and subjects only exposed to the mineral or with cre-
pitant rales at chest auscultation. We too found a negative
correlation between the percentage of granuloctyic neu-
trophils and some lung function parameters (VC and pO2),
but we also documented a marked alveolar neutrophiliain
one subject without fibrotic type radiological changes and
with lung function tests within the normal range.

The more recent studies on interstitial lung diseases at-
tribute an important pathogenetic role to the equilibrium
between the T helperl (Thl) and T helper2 (Th2)
lymphocyte subclasses; the former is implicated particu-
larly in mechanisms of delayed immune responses and
produces interleukin 2 (IL-2), 12 (IL-12) and interferon y
(INFy), while the latter has arole in regulating the imme-
diate immune response, particularly |gE-mediated respon-
ses, and produces interleukin 4 (IL-4), 5 (IL-5), 6 (IL-6)
and 10 (IL-10) (1).

It isthought that an imbalance in this ratio, with an ex-
pansion of the Th2 lymphocytes, enhances the fibrogene-
tic response mediated by Th2-associated cytokines (2).

The evaluation of the cytokinesin the BAL yielded in-
teresting information.

Interleukin-10, a cytokine synthesised predominantly
by Th2 lymphocytes, but also by monocytes, macrophages
and B lymphocytes, has an inhibitory effect of variousim-
mune-mediated mechanisms such as proliferation of T
lymphocytes, production of Thl cytokines (IL-2 and
INFy), antigen presentation and cytotoxicity of natural kil-
ler cells(27). Its concentration in the BAL tended to be hi-
gher in subjects showing aveolar lymphocytosis and ab-
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sence of asbestos bodies in the BAL with no evidence of
pulmonary fibrosis on the chest x ray.

The interpretation of this result is not immediately ob-
vious. In fact, on the one hand the increase of I1L-10 in pa-
tients having a I.L.O. radiological classification <1/0 and
absence of Ab inthe BAL, could represent a good progno-
stic factor, as expression of a greater secretion by ma-
crophages and alveolar lymphocytes aimed at inhibiting
the production of inflammatory cytokines, particularly
TNF a and INFy, which are increased in the BAL of pa-
tients with asbestosis (32). On the other hand, the docu-
mented negative correlation with the pO2 suggests an im-
portant role in the genesis of parenchymal damage, in con-
sequence of the expansion of the Th2 subclass associated
with the fibrotic process and the inhibition of antifibrotic
Thl cytokines.

Although we are not aware of other studies concerning
this cytokine in asbestosis, there are two studies on the
lung response of rats to inhalation of silica particles. The-
se studies show that the increased synthesis of IL-10 indu-
ced by the silica limits the extent of the inflammatory re-
sponse and the production of TNFa, but stimulated the fi-
brotic response (19, 20). Other authors, using bronchoal-
veolar lavage to study subjects with idiopathic pulmonary
fibrosis and bronchialitis obliterans with organising pul-
monitis (BOOP), have found, in fibrotica patients, the sa-
me or even lower alveolar concentrations of IL-10 as tho-
sein BOOP and in control subjects (24, 26), despite there
being increased expression of m-RNA for IL-10. The
authors offer various explanations for this apparent contra-
diction: increased breakdown by proteolytic enzymes, up-
take by cell surface receptors, increased expression of IL-
10 on the cell membrane of macrophages (24).

In vitro and in vivo studies in man have shown a sub-
stantial increase in IL-8 and an important role for this cy-
tokine in the genesis of the neutrophil alveolitiswhich cha-
racterises asbestosis (6, 34). This chemokine is produced
by numerous cells, including macrophages, monocytes,
activated CD4 and CD8 T lymphocytes, epithelial cells,
and keratinocytes. It has a chemotactic effect on neu-
trophils and is particularly involved in the early stage of
inflammation. Furthermore, some experimental studies ha-
ve shown a direct association between IL-8 release and the
development of lung fibrosis. In fact IL-8, synthesised by
macrophages, plays an important role in the recruitment of
neutrophils during idiopathic pulmonary fibrosis. Further-
more, it could indirectly enhance chemotaxisof T cellsand
production of cytokines, inducing degranulation of neu-
trophils (40). In our study the concentration of this cytoki-
ne was correlated (p=0.03) with the percentage of neu-
trophils in the BAL, wich showed a negative relationship
with vital capacity and pO2.

The cytokine MCP-1 seems to have a role in the re-
cruitment of T lymphocytes, but we are unaware of studies
concerning this cytokinein asbestosis. In our study its con-
centration correlated with the percentage of lymphocytes
and tends to be higher in patients with less severe radiolo-
gical signs.

Interleukin 12 is a cytokine produced by dendritic cel-
Is. It stimulates the production of INFy by T lymphocytes
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and natural killer cells, stimulates the proliferation of
lymphocytesin the blood and induces the differentiation of
Thl subpopulations of lymphocytes which produce IL-2
and INFy.

Recent studies have shown that 1L-12 has an important
role in the development of granulomatous diseases but the-
re have been no studies on its relevance in exposure to
ashestos fibres. However, one experimental study of silica
exposure in rats demonstrated that this cytokine has an an-
tifibrotic effect on the lung due to inhibition of the Th2
subpopulation of lymphocytes (19) and this is in agree-
ment with the inverse correlation between IL-10 and I1L-12
documented in our study.

In conclusion, this study has confirmed that bronchoal -
veolar lavage is useful in diagnosing lung diseases asso-
ciated with the inhalation of asbestos fibres. It allowed us
to document exposure to asbestos in particular cases in
which the occupational history was not clear. Neverthe-
less, careful history taking remains the irreplaceable cor-
nerstone to the approach to occupational lung diseases and
interstitial lung diseases in general (4).

This study has also shown an inflammatory phase in
early stages of asbestosis, characterized by a lymphocytic
alveolitis and related to the concentration of MCP-1 in the
bronchoalveolar lavage specimens. In more advanced sta-
ges, an alveolar neutrophilia, related to the BAL levels of
IL-8, seemed to be present. The role of 1L-10 in the regu-
lation of inflammatory and fibrotic events following expo-
sure to ashestos remains unclear, but our observations, in
agreement with earlier works (19, 20, 24, 29), suggest both
an antiinflammatory and a profibrotic action. Neverthe-
less, because of the small sample size, these results need to
be confirmed in alarger group of subjects.
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