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Effect of smoking on the lipid composition of lung lining fluid
and relationship between immunostimulatory lipids, inflammatory
cells and foamy macrophages in extrinsic allergic alveolitis
D.A. Hughes, P.L. Haslam
Effect of smoking on the lipid composition of lung lining fluid and relation·
ship between immunostimulatory lipids, inflammatory cells and foamy
macrophages in extrinsic allergic alveolitis. DA. Hughes, P L. Has/am.
ABSTRACT: Normal lung lining nuld suppresses lymphoprollferative
responses. This errect Is mediated by the major phospholipid components, but minor lipid components can stimulate lympbocyte proliferation. Tbe aim of this study was to discover whether the changes In
lung Lipid composition r eported ln patients with ntrlnslc allergic
alveoUtls (EAA) might lnnuence tbe levels or lymphocytes which occur
In the lungs of these patlent.s. Since cigarette smokers are less susceptible to EAA, we also Investigated the effect of smoking on the lipid
composition of lung lining nuld. Lung lining nuld was sampled by
bronchoa.lveolar lavage (BAL) from 15 patients with EAA, and 9 nonsmokers and 13 smokers without lung disease. The smoking controls
had Increases In phosphatldyletbanolamlne, sphingomyelin and
phospbatldylglycerol, but lower levels of cholesterol and cholesterol:total
phospholipid ratios compared with the nonsmoking controls. By contrast,
the patients with EAA bad Increases In total phospholipid and sphingomyelin; there were no smoking related decreases In cholesterol; and
several patients bad levels or cholesterol and cbolesterol:total phospholipid ratios above the upper limit for the controls. In the BAL nulds
or the EAA patients, the levels·ml"1 or the lmmunostimulatory llplds
sphingomyelin, phosphatldylethanolamlne, cholesterol and cholesterol
esters correlated with the number·mJ·' of lymphocytes, mast cells,
neutrophlls and " foamy" macr ophages. Cholesterol levels (r,=0.82) and
lymphocyte counts (r,=0.90) correlated most closely with " foamy"
mac rophages (p<O.OOJ), s uggesting that uptake or cholesterol by
macrophages may en.bance antigen -presenting function. These obser vations provide some support for the hypothesis that lnnammatory
reactions In the lungs might be Influenced by the localllpld environment.
Eur Respir J., 1990, 3, 1128-1139.

Ex trins ic alle rgic alveolitis (EAA) (synonym hypersensitivity pne umonitis) is an innammatory
granulomato us response of the lungs to a wide range of
inhaled organic antigens [ 1]. Lung biopsies from the
patients demonstrate increased numbers of lymphocytes
infilLrating the alveolar walls and septa [2], and
samples washed from the peripheral air spaces contain
strikingly increased numbers of T-lymphocytes (3, 4]
which appear to be activated L5]. The factors determining
susceptibility to this disease are still poorly understood
[6] .
The air spaces of the lungs are lined with a Lipid rich
material containing components with surfactant properties which prevent alveolar collapse at low lung
volumes [7]. JouANEL et al. [8] reported that patients
with EAA have alterations in the lipid composition of

Cell Biology Group, Dept of Cardiothoracic Surgery,
National Heart and Lung Institute, Dovehouse Street,
London, UK.
Correspondence: Dr P.L. Haslam, Cell Biology
Group, Dept of Cardiothoracic Surgery, National
Heart and Lung Institute, Dovehouse Street, London
SW3 6LY, UK.
Keywords: Bronchoalveolar lavage; cholesterol;
cigarette smoking; extrinsic allergic alveolitis; foamy
macrophages; lymphocytes; phospholipids; pulmo·
nary surfactant.
Received: November 1989; accepted after revision
August 28, 1990.
Supported by The Chest, Heart and Stroke
Association.

their bronchoalveolar lavage (BAL) fluid, most
notably a striking decrease in the levels of the major
phospholipid class found in the pulmonary surfactant
system, phosphatidylcholine, with increases in
phosphatidylethanolamine and cholesterol. We have
recently reported that the lipid fraction of normal
lung lining fluid obtained by BAL from humans, pigs
and rabbits can suppress lymphocyte proliferation in
a dose dependent manner [9] and A.NsFIE.I.D et al. [10]
have reported similar findings using dogs. Furthermore,
we have shown that while some lipid classes,
including phosphatidylcholine and phosphatidylglycerol,
suppress the induc tio n of lymphocyte responses,
others, namely cholestero l , s phingomye lin and
phosphatidylethanolamine, augment them [11, 12}. We
have also shown that altering the relative proportions of
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mixtures of these lipids in vitro can modulate the levels
of immunosuppression [1 1). It is, therefore, possible
that the aiLerations in the lipid composition of the lung
lining fluid reported in patienlS with EAA may lead to
a reduction in its immunosuppressive properties and
favour the developmem of localized lymphoproliferative
responses to inhaled antigens. The aim of this study
was to test this hypothesis by examining whether the
lipid composition of lung lining Owd obtained by BAL
from patienlS with EAA has any relationship with the
numbers of cells, particularly lymphocytes, recovered
simultaneously in the fluid. We have also investigated
the effects of smoking on lung lining flui d in view of
the reports that EAA is a disorder which appears to be
more prevalent in nonsmokers [13-15].
Methods

Subjects
Patients with EAA. Bronchoalveolar lavage samples were
obtained from 15 patients with EAA, all of whom had
histories of exposure to organic duslS and exposurerelated respiratory symptoms. Nine of the patients had
episodic symptoms (breathlessness with or without
febrille episodes) whilst s ix had chronic breath lessness.
Specific precipitating antibodies to antigens of the dusts
were presem in the scrum of aJl patienlS (avian in 1 I
and moulds in four), and all but one had been exposed
up to the time of admission for lavage. All had shown
a reduction in lung function, in particular diffusing
capacity for carbon monioxide (<80% mean predicted),
although one patient had normal lung function at the
time of lavage. All of the patients had shown diffuse
nodular shadows on their chest radiographs, although
two had normal radiographs at the time of lavage. One
also had linear shadows suggestive of fibrosis. None
were receiving treatment at the time of lavage. The mean
age was 45±14 yrs (7 males, 8 females). Eight patients
had never smoked and seven were cigarette smokers (3
ex-smokers and 4 current smokers).
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a standardized 240 ml (4x60 ml) lavage fluid introduction volume, subject to clinical constrainlS. Several
earlier samples were also included and the introduction
volume ranged from 180-360 ml. The mean (±so)
introduction volume was 240±0 ml in the nonsmoker
controls, 263±71 ml in the nonsmokers with EAA,
300±36 ml in the smoker controls and 291±54 ml in the
smokers with EAA. The mean (±so)% fluid recovery was
60±11% in the nonsmoker controls, and 43±6% in the
nonsmokers with EAA, 46±19% in the smoker controls,
and 46±16% in the smokers with EAA. Although the
mean fluid recovery volume was higher in the nonsmoker controls, there were no significant differences
either in introduction volumes or % fluid recovered
between the groups (Mann-Whitncy U-tcst). The lavage
procedure was performed using an Olympus fibreoptic
bronchoscope introduced by the transnasal route after
premedication with papaveretum and atroprine and
under local anaesthesia with lignocaine. Supplementary
oxygen was administered throughout the procedure. The
tip of the bronchoscope was wedged in the lateral
segment of the right lower lobe and lavage was performed using 4x60 ml aliquolS of normal saline buffered to pH 7.0 with 8.4% sodium bicarbonate and
prewarmed to 37°C. The aspirated fluid was collected
into a sterile sillconized container and transported on
ice immediately to the laboratory. The BAL fluid was
centrifuged at 300 g for 10 min at 4°C to sediment the
cells, and the supematant fluid was divided into aliquots
and immediately frozen and stored at -70°C. This separation procedure was completed within 20 min postlavage to prevent the fluid from becoming contaminated
with lipids from the membranes of cells which, if kept
for more prolonged periods in saline, subsequently start
to die in vitro. Our values for cell viabiJity, assessed by
trypan blue exclusion within 20 min, were >98% for all
cell types except contaminating ciliated and squamous
epithelial cells from the airways. These stained with
trypan blue but rarely exceeded 5% of the total cells
present.

Lipid analysis
Controls. As controls for this study, BAL samples were
obtained from a group of nine healthy volunteers who
had never smoked (seven males, two females, mean age
36±6 yrs). To evaluate the effect of cigarette smoking,
a group of 13 current smoking controls were also studied
(1 1 males, two females, mean age 44±18 yrs). These
subjec ts had normal chest radiographs and were
undergoing bronchoscopy for investigation of cough or
minor haemoptysis. No abnormality was detected in any
case. Ethical approval was obtained for all lavage studies,
and all patients and controls gave their informed
consent.
Bronchoalveolar lavage (BAL)
BAL samples were obtained from each individual
studied by the method that we have previously described
in detail [16] except that since 1987 we have employed

Aliquots of BAL supematant were thawed at room
temperature and analysed by the methods that we have
described previously [17]. Total lipid extraction was
carried out by the methanol-chloroform method of BwaH
and DYER [18]. The organic phase containing the lipids
was separated off and taken down to dryness under
reduced pressure at 20°C in a rotary evaporator,
resuspcnded in chloroform-methanol (9: 1 v/v) to 40 mg
lipid per ml , and stored under nitrogen at -70°C. The
phospholipids present in each sample were determined
using the improved one dimensional thin layer chromatography (TLC) system developed by Gu.FU.J..AN et al.
[ 19], using silica gel plates (20 cm + 20 cm, K6;
Whatman, C lifton, NJ) and chloroform-methanolpetroleum ether (bp 35-60°C) - acetic acid - boric acid
(40:20:30:10:1.8 vol/vol/vol/vol/wL) as the developing
solvent. The lavage extraclS were run simultaneously
alongside standard preparations of purified phospholipids
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of known conceni.Tations. Af ter the plates were dried,
the lipids were visualized by charring at 180°C [20].
and the plates were read by a Shimadzu CS-920 TLC
Scanner. Lipid phosphorus detenninations of the spots
were also carried out using the method of RousER et al.
[21] to verify the results of the charring technique. The
amount of each phospholipid present and its proportion
of the total phospholipid content was then calculated
for each sample by comparison with the reference
standards. Total phospholipid yield was calculated by
relating the sum of the amounts of the individual
phospholipids present to the amount of total lipid applied
to the TLC plate. The yields of cholesterol and cholesterol esters were detennined using the same methods
but using hexane diethylether - acetic acid (80:20:1.5
vol) as the developing solvent [22].
All solvents used were chromatographic standard
(BDH, UK; Aldrich, U K) and all lipid standards were
obtained from Sigma, UK. The efficiency and reproducibility of the method was confirmed by controls using
known mixtures of pure lipid standards added to the
saline solution used for the lavage procedure. This also
confirmed that the improved one-dimensional method
gave clear resolution of phosphatidylglycerol from
phosphatid y!ethanolamine.
Lavage cell analysis
Total counts of the nucleated cells present in the lavage
fluids were made by staining an aJiquot of the cell
suspension with 1% crystal violet in 1% acetic acid and
counting the cells in an Improved Neubauer Counting
Chamber. Results were expressed as the total number
of cells·ml·1 of recovered lavage fluid. For differential
cell counting, cytocentrifuge slide preparations of the
cells were made in a Shandon Cytospin 2 (Shandon
Southern lnsLTuments, UK) using 100 f.l.l aliquots of
lavage cell s uspension (2xl0 6 cells·ml·'), air-dried, then
stained wi th May-Grilnwald Gie msa s tain, us ing
methanol as the fixative and DPX as the mountanL.
Differential coums were made by counting at least 300
cells in random fields and expressing each cell type as
a percentage of the total cells present. Aliquots of cells
from each lavage sample were also fixed and prepared
for examination by elecLTon microscopy as we have
reported previously (23].
Effect of esterified cholestero l compared with
unesterified cholesterol on lymphoproliferative responses
W e have previously reported the e ffects o n
lymphoproliferation of most of the major lipid components found in the lining fluid [ l lj. However, we
have not previously studied the effects of cholesterol
oleate, which has been observed within histiocytic foam
cells in hypercholesterolaemic states [24]. Therefore,
the effects of cholesterol and cholesterol oleate on the
proliferative r esponse of normal peripheral blood
mononuclear cells (PBMN) to the mitogen phytohae-

magglutinin (PHA) were tested by the methods that
we have previously described in detail [11]. Briefly,
PBMN were obtained from the defibrinated blood samples of six healthy adult volunteers by density centrifugation over lymphocyte separation medium (Flow
Laboratories). The interfacial cell layer was washed
twice and counted. The cells were resuspended at 0.5xl()6
cells·ml·' in RPMI 1640 containing 25 mM Hepes buffer
(Gibco) supplemented with penicillin (100 IU·ml· 1),
streptomycin (100 j..lg·ml·1, Gibco) and insulin, transferrin, selenium, linoleic acid, and bovine serum albumin (CR-ITS, Flow Labs). This serum-free medium was
used because foetal calf serum is an abundant source of
lipids, particularly cholesterol. One ml aliquots of the
ceJI suspension were cultured in triplicate at an optimal
conceni.Tation of PHA (0.5 j..lg·ml·' PHA-P , Wellcome)
in 6 ml polypropylene tubes (Falcon 2063). Dose response studies were performed using the following concentrations of cholesterol or its ester: 0.05, 0.1, 0.2, 0.4
and 0.8 mg·ml·'. The lipids were dispersed into culture
medium by sonication on ice. Tdtiated thymidine (New
England Nuclear) was added 18 h before harvesting. At
72 h the cell suspension was divided in 200 f.l.] volumes
into 96-well microtii.Te plates and harvested using an
Ilacon harvester. Results were expressed as a percentage of the tritium counts obtained from cultures performed in the absence of the neuLTal lipids (mean±SEM).
Viability was assessed by 1.rypan blue exclusion.
Statistical methods
For the analysis of quantitative data, groups were
compared using the Mann-Whitney U-test for nonparametric data distributions and correlations were made
using the Spearman rank correlation coefficient.
Analysis of the effect of lipids on lymphoproliferation
was performed using the Wilcoxon matched -pairs
signed-ranks test for pairs of related samples. P values
(two-tailed) of ~. 0.05 were accepted as signifi cant and
trends at p~O.l are also shown.
Results
Lavage lipid analysis
Nonsmoking and smoking control groups (tables 1 and
2). The smoking conLTol group had significantly higher
levels (J..lg·ml·') of total phospholipid·ml·' in BAL fluid
compared with the nonsmoking conLTols (p<0.02), due
to increases in phosphatidyl.glycerol (p<0.05) and
phosphatidylethanolamine (p<0.002) and sphingomyelin
(p<0.02). By contrast, the smokers had significantly
lower levels of the neutral Lipid cholesterol (p<0.05).
When the phospholipid class was expressed as a perce ntage of t o tal ph osp h o lipid ( tabl e 2).
phosphatidylethanolamine (p<0.02) and sphingomyelin
(p<0.02) were also higher in the smokers. The
cholesterol: total phospholipid ratio was significantly
lower p<0.0002; (table 2). Six of the 13 smokers (46%)
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Table 1. - Concentrations of lipids (J.Lg·ml·') in BAL fluid from nonsmoker and smoker control subjects
Nonsmokers
(9)
Median
Range

Smokers
(13)
Range
Median

Phospboliplds
Total phospholipid
Phosphatidylcholine
Phosphatidylglycerol
Phosphatidy!ethanolamine
Sphingomyelin
Phosphatidy!inositol
Phosphatidylserine
Lysophosphatidylcholine
Cardiolipin

9.3
7.4
1.4
0.8
0
0
0
0
0

5.3- 25.1
2.9-15.6
0.8- 3.5
0-2.1
0-2.3
0-1.7
0-0.1
0
0

14.8**
7.7
2.2*
2.6***
0.7 ..
0
0
0
0

10.4-37.8
6.1- 15.6
1.0-6.6
0.6-6.4
0.1-5.3
0
0-0.9
0
0-3.9

6.4
4.4

1.9- 9.6
1.3-5.7

2.6*
3.2

0.9-8.7
0-9.5

Neutral llplds
Cholesterol
Cholesterol esters

*: p<0.05; .. : p<0.02; ***: p<0.002 compared with nonsmoker control subjects
(Mann-Whitney U-Test). BAL: bronchoalveolar lavage.
Table 2. - Relative proportions of different lipid classes in BAL fluid
from nonsmoker and smoker control subjects
Nonsmokers
(9)
Median
Range

Smokers
(13)
Median
Range

% of Total Pbospbollpld

Phosphatidylcholine
Phosphatidylglycerol
Phosphatidylethanolamine
Sphingomyelin
Phosphatidylinositol
Phosphatidylserine
Lysophosphatidylcholine
Cardiolipin
CH:PL
CE:PL

65.4
17.0
8.2
0
0
0
0
0
0.57
0.42

52.1-86.6
7.0-24.5
0-18.2
0-13.3
0-9.3
0-0.9
0
0
0.20-1.30
0.20-0.50

53.6**
17.5
19.2**
4.7**
0
0
0
0
0.19***
0.23

41.2- 74.3
9.6- 21.1
4.0-22.3
0-17.6
0
0-7.4
0
0-10.6
0.03-0.54
0-0.70

**: p<0.02; ***: p<0.002 compared with nonsmoker controls (Mann-Whitney
U-Test). CH: cholesterol; PL: total phospholipid; CE: cholesterol esters; BAL:
bronchoalveolar lavage.

also had cholesterol ester: total phospholipid ratios below
the lower limit of the range for nonsmokers (not shown
in table). The proportion of the major phospholipid class,
phosphatidylcholine, was significantly reduced in the
smokers reflecting the increases in other classes (table
2), but the actual levels of phosphatidylcholine were
not decreased (table 1).

Nonsmoking and smoking EAA patients (tables 3 and
4). The results for the nonsmoking and smoking patients
with EAA have been separately compared with those
for the nonsmoking and smoking controls to aid in

dis ting uis hing disease-related c ha nges from those
related to smoking. Unlike the fmdings for the controls,
the re we re no s ignificant diffe re nces eitl1 er in
concentrations (table 3) or rela tive proportions of lipids
(table 4) between the nonsmokers and smokers with
EAA.
However, the nonsmokers with EAA (table 3) had
slightly higher concentrations of Lotal phospholipid a nd
a significanL increase in sphingom yelin (p<0.002)
compared with the nonsmoke r controls. There was no
significant difference in cholesterol levels, bul one of
the nonsmoking patie nts had an elevated cholesterol level
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Table 3. - Concentrations of lipids (J.1g·ml· 1) from nonsmokers and smokers with EAA compared with controls
Nonsmokers
Controls
EAA
(9)
(8)
Median
Range
Median
Range

Smokers
Controls
EAA
(13)
(7)
Median
Range
Median
Range

Phosphollplds
Total phospholipid
Phosphatidylcholine
Phosphatidylglycerol
Phosphatidylethanolamine
Sphingomyelin
Phosphatidylinositol
Phosphatidylserine
Lysophosphatidylcholine
Cardiolipin

9.3
7.4
1.4
0.8
0
0
0
0
0

5.3-25.1
2.9-15.6
0.8-3.5
0-2.1
0-2.3
0-1.7
0-0.1
0
0

15.6'
9.1
2.4
1.5
2.0•••
0
0
0
0

8.2-26.5
3.6-17.3
1.1-4.6
0-2.4
1.1-3.3
0-0.3
0-1.3
0-2.0
0

14.8
7.7
2.2
2.6
0.7
0
0
0
0

10.4-37.8
6.1-15.6
1.0-6.6
0.6-6.4
0.1-5.3
0
0-0.9
0
0-3.9

18.5*
9.6'
4.1 ..
2.7
2.7'
0
0
0
0

12.1-28.4
8.1-15.1
2.4-4.6
0.8-4.5
0.1-5.4
0
0-2.7
0
0

6.4
4.4

1.9-9.6
1.3-5.7

7.6
5.3

2.8-15.7
2.6-15.3

2.6
3.2

0.9-8.7
0-9.5

9.7••
6.2

3.3-19.5
0.1-19.0

Neutral llplds
Cholesterol
Cholesterol esters

': p<0.1; *: p<0.05; ••: p<0.02; ***: p<0.002, compared with controls (Mann-Whitney U-Test). EAA: extrinsic allergic
alveolitis.

Table 4. - Relative proportions of different lipid classes in BAL fluid from nonsmokers and smokers with EAA
compared with controls
Nonsmokers
Controls
Median

Range

EAA
(8)
Median

65.4
17.0
8.2
0
0
0
0
0

52.1-86.6
7.0-24.5
0-18.2
0-13.3
0-9.3
0-0.9
0
0

56.4*
16.0
9.2
13.9•••
0
0
0
0

(9)

Smokers
Controls
EAA
(7)
(13)
Range
Median
Median

Range

41.4-67.1
10.3-34.6
0-22.8
8.7-23.7
0-3.5
0-7.4
0-11.4
0

53.6
17.5
19.2
4.7
0
0
0
0

41.2-74.3
9.6-21.1
4.0-22.3
0-17.6
0
0-7.4
0
0-10.6

0.21-0.77
0.15-0.96

0.19
0.23

0.03-0.54
0-0.70

Range

% of total phospholipid

Phosphatidylcholine
Phosphatidylglycerol
Phosphatidylethanolamine
Sphingomyelin
Phosphatidylinositol
Phosphatidylserine
Lysophosphatidylcholine
Cardiolipin
CH:PL
CE:PL

0.57
0.42

0.20-1.30
0.20-0.50

0.52
0.42

52.5
17.8
14.5••
16.5'
0
0
0
0

40.3--66.9
13.2-26.3
4.7-17.0
0.6-23.4
0
0-9.7
0
0

0.42** 0.21-0.69
0.37
0.001-0.82

': p<0.1; •: p<0.05; **: p<0.02; ***: p<0.002, compared with controls (Mann-Whitney U-Test). CH: cholesterol; PL: total
phospholipid; CE: cholesterol esters; BAL: bronchoalveolar lavage; EAA: extrinsic allergic alveolitis.

and three had cholesterol ester levels above the upper
limit of the range for the nonsmoker controls. The
smokers with EAA (table 3) had a significant increase
in total phospholipid (p<0.05) and a slight increase in
sphingomyelin compared with the smoker controls.
There was also a significant increase in
phosphatidylglycerol (p<0.02) and a slight increase in
phosphatidylcholine. Levels of cholesterol (p<0.02)
were significantly higher and four patients had levels
above the control range while two also had elevated

cholesterol ester levels. In tenns of relative proportions
(table 4), sphingomyelin was higher (p<0.002) and
phosphatidylcholine lower (p<0.05) in the nonsmokers
with EAA compared with the nonsmoker controls. The
smokers with EAA also had a slight increase in the
proportion of sphingomyelin compared with the smoker
controls (table 4). The proportions of
phosphatidylethanolamine (table 4) were lower than in
the smoker controls (p<0.02), but still higher than
in either of the nonsmoking groups. The smokers
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Table 5.- Cellular content of BAL fluid from nonsmokers with EAA
compared with nonsmoker controls
Controls
(8)
Median
Range
Tot.al cells·ml" 1xl04
Macrophages·ml-lxlOC

9.8
8.3

EAA
(8)
Median

Range

3-22
2- 21

42•••
15'

22-224
3- 34

70- 98
2- 19
0-0.1
0-10
0-2

21•••
66•••
0.5•
6
0.8

11-81
13-82
0-2.4
2-47
0-5.8

Dlrrerentlal count %
Macrophages
Lymphocytes
Mast cells
Neutrophils
Eosinophils

84
6
0
3
0

': p<O.l; •: p<0.05; •••: p<0.002 compared with nonsmoker controls.
BAL: bronchoalveolar lavage; EAA: extrinsic allergic alveolitis.

Table 6. - Cellular content of BAL fluid from smokers with EAA
compared with smoker controls
Controls
(13)
Median
Range
Total cells·ml" 1x104
Macrophages·ml 1x1Q4

47
45

9- 127
9- 126

EAA
(7)
Median
Range
128••
27

31- 252
5-81

Dltrerentlal count %
Macrophages
Lymphocytes
Mast cells
Neutrophi1s
Eosinophils

95
0.8
0
0.8
0

81- 99
0-14
0-0.5
0.2-3
0-2

19•••
63•••
3•••
13•••
0.6

14-45
33- 70
0.8-6.7
4-38
0-3

.. : p<0.02; ... : p<0.002 compared with smoker controls. BAL:
bronchoalveolar lavage; EAA: extrinsic allergic alveolitis.

•
Fig. l. - Alveolar macrophage with a foamy cytoplasmic appearance in a cytocentrifuge preparation of BAL cells from a patient
with EAA. Methanol fixation/May-Grunwald Giemsa stain; Bar-=5
J.Utl. BAL: bronchoalveolar lavage; EAA: extrinsic allergic alveolitis.

Fig. 2. - Ultrastructure of BAL "foamy" macrophage showing
numerous neutral -lipid containing inclusions in the cytoplasm
(arrow). Bar-=1 J.Utl· BAL: bronchoalveolar lavage.
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Table 7. - Table showing correlation between BAL lipid levels (llg·ml· 1) and cell numbers (cells·ml· 1) in the
15 patients with EAA
Cell numbers

Lipid levels
PC
PG
PE
SM
PI
PS
LPC
CL
Cholesterol
Cholesterol esters

Lymphocytes

Mast cells

r

r

•

•

0.22
0.15
0.74***
0.63**
-0.04
-0.15
-0.42
0.22
0.68**
0.60**

0.33
0.22
0.55*
0.53*
-0.13
-0.23
0.01
0.22
0.53•
0.52•

Neutrophils

Eosinophils
r

r

•

"Foamy"
macrophages

r

•

0.08
0.19
0.65**
0.51*
-0.18
0.11
-0.17
0.22
0.48*
0.37'

Total
macrophages

r

•

-0.31
-0.43'
0.04
-0.17
0.01
-0.16
0.07
0.23
0.01
0.14

•

0.51*
0.17
0.45*
0.70**
-0.18
0.35'
0.22
0.22
0.89***
0.62**

0.43'
0.23
0.63*
0.69**
-0.13
-0.06
0.05
0.22
0.82***
0.66**

r.: Spearman rank correlation coefficient, ': p<0.1; *: p<0.05; **: p<0.01; ***: p<O.OOl. PC: phosphatidylcholine; PG:
phosphatidylglycerol; PE: phosphatidylethanolamine; SM: sphingomyelin; PI: phosphatidylinositol; PS: phosphatidylserine;
LPC: lysophosphatidylcholine; CL: cardiolipin; BAL: bronchoalveolar lavage; EAA: extrinsic allergic alveolitis.
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with EAA had higher ratios of cholesterol:total phospholipid (p<0.02) compared with the smoker controls.
Cholesterol ester:total phospholipid ratios were not significantly increased, but one smoker and four
nonsmoker patients had values above the range for the
respective control groups.

Lavage cell analysis
Lavage cell count data were available on all the subjects in this study, apart from one of the nonsmoking
controls. Tables 5 and 6 show that, consistent with the
diagnosis, the nonsmoking and smoking patients with
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EAA had increased total numbers of cells·ml·1 and
increased percentages of lymphocytes and mast cells
compared with the nonsmoking and smoking control
groups. The smokers also had increased percentages of
neutrophils. The percentages of alveolar macrophages
were decreased compared with the controls reflecting
the increases in other inflammatory cells, although there
were no significant decreases in the numbers of
macrophages·ml·1•
Many of the macrophages in the EAA patients
(median 32%, range 6--59% of the macrophages in the
nonsmokers and median 39%, range 28- 76% in the
smokers; no significant difference) had a "foamy"
cytoplasmic appearance giving the impression of
numerous small vacuoles of similar size in the cytoplasm (fig. 1). Irregularly sized vacuoles were seen in
the cytoplasm of up to 12% of the macrophages in the
control subjects, but less than 2% had the unusual
"foamy " appearance. The foamy macrophages were
examined by electron microscopy and numerous
neutral-lipid containing inclusions were observed in the
cytoplasm (fig. 2).

Correlations of lipids with inflammatory cells in the
EAA group
Significant correlations were observed in the EAA
patients between the concentrations·ml· 1 of certain
types of lavage lipids and the numbers·ml·1 of inflammatory cells present in the lavage samples {table 7).
Levels of phosphatidylethanolamine, sphingomyelin,
cholesterol and cholesterol esters correlated with
the counts of all types of inflammatory cells, except
eosinophils; and the findings were similar whether
considering the total EAA patients or the nonsmokers
and smokers separately. The closest correlations
were with numbers·ml · 1 of lymphocytes, total
macrophages, and "foamy" macrophages. We have
previously reported that phosphatidylethanolamine,
sphingomyelin and unesterified cholesterol can
stimulate lymphoproliferative responses [11], and
in figure 3 we show that an ester of cholesterol,
namely cholesterol oleate, can also enhance the
lymphoproliferative response to the mitogen phytohaemagglutinin (p<0.05 at the dose of 0.2 mg·ml- 1), but to
a lesser extent than comparable doses of unesterified
cholesterol.
The other lipid classes present in the lavage samples
(table 7) did not correlate with the numbers of any lavage
cell type, except for a weak correlation between total
macrophage counts and levels of phosphatidylcholine
(r, = 0.51; p<0.05). We have shown that most of these
lipids suppress lymphoproliferative responses [11].
The correlations between lipids and inflammatory cells
were not so clear when the results were expressed as
relative proportions of lipids and the cell counts as
differential percentages.
It was of interest that the numbers of lymphocytes
(per ml) in the lavage samples from the EAA patients
correlated more closely with the numbers of "foamy"
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macrophages per ml (r,=0.90; p<O.OOI) than with the
total counts of macrophages (r.=0.69; p<0.005).
Discussion
We have used the technique of bronchoalveolar lavage to simultaneously examine both the lipid composition
and cell contents of lung lining fluid from patients with
EAA, in order to test the hypothesis that changes in the
lipid composition of the fluid may affect its
immunoregulatory properties in vivo.
The differences that we have observed in this study
are unlikely to merely reflect differences in the
volumes of fluid used for lavage because the introduction volumes and percentages of fluid recovered in the
different groups did not differ significantly. Furthermore,
differences in dilution will not invalidate the comparisons
in this study between lipid levels and numbers of cells
in the same lavage sample, since both are subject to the
same dilution factor. The information on the relative
proportions of different lipid classes in the lavage
samples is another approach not influenced by variable
BAL fluid dilution .
Our findings show that cigarette smoking has a marked
influence on the lipid composition of lung lining
fluid, inducing increases in the phospholipids
phosphatidylethanolamine, sphingomyelin and
phosphatidylglycerol, but causing a marked reduction
in levels of the neutral lipid cholesterol and also in the
ratio of cholesterol:total phospholipid. By contrast, the
EAA patients had increases in sphingomyelin and
cholesterol in the BAL fluids which could not be
explained by differences in smoking habits.
JouANEL et al. [8] reported that the proportion of the
major surfactant phospholipid, phosphatidylcholine, is
significantly decreased in EAA patients compared with
controls. We observed slightly reduced proportions of
phosphatidylcholine in our patients, however, the
concentrations·ml·1 were not significantly reduced compared with our controls, which contrasts with the
almost total loss of phosphatidylcholine observed by
JouANEL et al. [8] . This may be due to differences
between our two studies in methods of phospholipid
extraction, chromatographic separation and quantification. JouANEL et al. [8] also failed to detect
phosphatidylglycerol either in their control or patient
lavage samples which may be due to the recognized
difficulty of distinguishing phosphatidylethanolamine
from phosphatidylglycerol using earlier chromatographic
techniques [25]. Phosphatidylglycerol is now considered
to be the second major phospholipid component of
normal pulmonary surfactant [26, 27]. JouANEL et al.
[8] found striking increases in the proportions of
phosphatidylethanolamine and phosphatidylinositol in
their EAA patients compared with controls. We have
not observed such disease-related increases in our EAA
patients but have found marked increases in levels and
proportions of phosphatidylethanolamine in cigarette
smokers. JouA NEL et al. [8] gave no details of the
smoking habits of the subjects in their study.
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The most s ignificant increase in our nonsmoking
patie nts with EAA com pared with the nonsmoking
controls was in levels and proportions of sphingomyelin . A slight inc rease in sphingomyelin was also
observed in the smokers with EAA , indicating an
effect of disease supe rimposed upon the smokingrelated increase in sphingomyelin. Sphingomyelin is
found in cell membranes and is not generally regarded
as being a true s urfactant component [28]. It is found in
much higher proportions in lung tissue than in pulmonary surfactant [19]. The elevation in this lipid both in
patients with EAA and in smokers may, therefore,
reflect an increase in cell turnover within the air spaces
and/or local tissue damage. This may also explain the
increases in phosphatidylethanolamine that we have
observed in smokers, since phosphatidylethanolamine
is also found in much higher concentrations in lung
tissue than in lung lining fluid [19] or serum [29].
In a recent series of studies we have demonstrated
that several of the lipid classes found in lung
lining fluid, namely phosphatidylcholine,
phosphatidylglycerol, phosphatidylserine and
phos phatidylinositol , can s uppress l ymphocytc
proliferation to the T-cell mitogen phytohaemagglutinin
in a dose depe ndent manner, whereas others, namely
phosphatidyl e thanolamine, s phin gom yelin and
cholesterol , can augme nt it [Ill . We ac knowledge
that experime nts using mitogens do not spccificaJiy
examine antigen processing and presentation, however,
accessory cells are required to induce lymphocyte
responses to mitogen and they cannot be replaced
by adding interleukin-1 to the culture [30, 31]. The
reason why specific antigens were not used in these
experiments is that serum-free culture medium had
to be employed to avoid the effects from lipids present
in serum, and the levels of lymphocyte response to
specific antigens in serum-free culture medium were
very low and variable. Nevertheless, our finding in
this study of correlations between the numbers of
lymphoc ytes , mast cells and neutrophils, and le vels
of immunostimulatory but not immunosuppressive
lipids in lavage fluids from EAA patientS provides some
support for our hypothesis that lipids present in
lung lining fluid may play a role in modulating
inflammatory responses in the alveolar s paces.
Esterified cholesterol can also be detected in lung
lavage fluid, and in this study we have shown that
cholesterol oleate also has an immunostimulatory
effect, although the effect was less than that observed
when comparable doses of unesterified cholesterol
were tested. We are unaware of any descriptions of
the fatty acid composition of cholesterol esters in
normal human lung lining fluid. We chose to study
the effect of c holesterol oleate on Lymphoproliferation
because it has been observed in high concentrations
within histiocytic foam cells in hypercholesterolaemic
rabbits [24], and in pulmonary foamy macrophages in a
dystrophic strain of hams ters [32). Also, SAHU and
LYNN [33] characterized oleic acid as one of the
major components (23% of the total fatty acids) of
cholesterol esters isolated from BAL supematants from

patients with asthma. Whether other cholesterol esters
have immunoregulatory properties remains to be
investigated.
In agreement with JoUANEL et al. [8] we observed
that several of our EAA patients had levels of
unesterified cholesterol in the lavage fluids exceeding
the upper limit for the controls. Furthermore, by
contrast with the significant reductions in cholesterol
we have demonstrated in smoking compared with
nonsmoking controls, the smokers with EAA had
significantly higher cholesterol levels and ratios of
cholesterol:total phospholipid compared with the
smoker control group. In relation to the apparent
lower susceptibility of smokers to EAA [13-15), the
smoking related reduction in lavage cholesterol
levels and lower cholesterol:total phospholipid ratio
we have demonstrated in our smoking control group
is of interest. In studies of blood lymphocytes it
has been shown that decreasing the ratio of
cholesterol:phospholipid can increase cell membrane
fluidity and cause a decrease in lymphoproliferation
[34]. It is, therefore, possible that the lymphocytes in
the alveoli of cigarette smokers are bathed in a fluid
which may be relatively more immunosuppressive than
that of nonsmokers. This could confer a lower
susceptibility on the smokers to develop the localized
cell-mediated hypersensitivity reactions which are
thought to be involved in the pathogenesis of EAA.
Indeed, it has been reported that BAL T-lymphocyte
mitogen-induced proliferation is reduced in current
smokers compared with nonsmokers [35, 36]. Increases
in lavage lymphocytes are relatively infrequent in the
disease idiopathic pulmonary fibros is (synonym:
cryptogenic fibrosing alveoli lis) where demographic data
has shown that 90% of the cases with desquamative
interstitial pneumonia and 71% of those with usual
interstitial pneumonia are cigarette smokers [37]. We
have also found changes in lavage lipids in this disorder
[17] but, unlike our findings in EAA, they were mainly
reductions in phosphatidylglycerol. We have not
observed any correlations between the levels of
lipids and the levels of neutrophils and eosinophils
(unpublished observations) which are the main inflammatory cell types in BAL in this chronic inflammatory
lung disease, contrasting with the lymphocyte increases
in EAA [23].
The correlation that we observed between levels of
cholesterol and cholesterol esters and the numbers of
foamy macrophages in lhc lavage samples of our E AA
patientS is also of interest. Foamy macrophages are a
characteristic histopalllologic.al feature of EAA [2, 38J
and cholesterol clefts are also frequently observed in
the biopsies of E AA patients [2) . The correl.a tions that
we have demonstrated in lavage suggest that " foamy"
macrophages may indicate uptake of c holesterol and
c holeste rol esters by alveolar macrophages in this disorder. This suggestion is also supported by the electron
microscopy observations whic h demonstrated numerous
neutral lipid inclusion bodies within the cytoplasm of
the foamy macrophages in the BAL samples of our EAA
patients. It has been reported that the induction of
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xanthomas (infiltrates of lipid-containing histiocytic
foam cells) in the dermis of hypercholesterolaemic
rabbits correlates with serum cholesterol levels [24).
Also, incubation of human macrophages with immune
complexes containing low density serum lipoproteins
(LDL) increases LDL receptors on the macrophages
which increases LDL uptake and promotes intracellular cholesterol ester accumulation and foam cell
formation [39). The reasons for accumulations of
foam cells in EAA are not known, but while products
of T-lymphocytes are implicated in the pathogenesis
of the granulomatous reactions, Arthus reactions
involving interactions of inhaled antigens with specific
antibodies in the respiratory bronchioles and alveoli are
thought to be involved in the acute stage influx of
neutrophils [40); and macrophages containing numerous globular vacuoles are a feature of experimentally
induced Arthus reactions [41). Foamy macrophages are
also a recognized feature of the tissue response which
occurs following bronchial obstruction [42), thus, it is
also possible that they might arise in EAA as a consequence of bronchiolitis interfering with clearance
mechanisms.
Alveolar macrophages in normal lungs have a
relatively poor capacity to initiate lymphoproliferative
responses compared with blood monocytes
and macrophages from other sites in the body [43).
However, we have observed that alveolar macrophages
from EAA patients have elevated levels of HLA-D
region antigens on their surface, suggesting lhat they
may have enhanced antigen-presenting function [44]
as has been reported in the granulomatous lung
disease sarcoidosis [45]. The observation in this study
that numbers of lymphocytes show an especially
close correlation with numbers of "foamy" macrophages
in the BAL samples of EAA patients suggests that
increased uptake or storage of immunostimulatory
lipids such as cholesterol by alveolar macrophages may
play a role in enhancement of locallymphoproliferative
responses.
Although these observations are of interest in
demonstrating correlations in EAA patients between
the numbers of lymphocytes and other inflammatory
cells and the levels of lipids with immunostimulatory
properties in the BAL samples, it is not known whether
the local increases in lipids play any role in the
pathogenesis of EAA. It is known that subjects exposed
to organic antigens who remain asymptomatic have
increased levels of specific antibodies [46] and also
increased numbers of lymphocytes in BAL compared to
unexposed controls [47). Whether asymptomatic exposed
subjects have a similar lavage lipid composition to those
in exposed patients must now be explored. The exact
distinction between the local inflammatory pathways
in asymptomatic compared with symptomatic
exposed subjects remains a subject for continued
investigation.
In conclusion, these findings in patients with EAA
lend some support to the hypothesis that immunological
responses within the lungs may be influenced by
the immunoregulatory properties of the local lipid
environment.
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Effet du tabagisme sur la composition lipidique du liquide de
recouvremenJ alveolaire. Relation entre les lipides d'immuno·
stimulation, les cellules inflammatoires et les macrophages
spumeux dans l'alvlolite extrinseque allergique. DA. Hughes,
P. Haslam.
RESUME: Le liquide de recouvrement alveolaire du poumon
normal supprime les reponses lymphoproliferatives. Cet effet
est medie par les composants phospho-lipidiques majeurs,
mais les composants lipidiques mineurs peuvent stimuler la
proliferation lymphocytaire. L'objectif de cette etude est
d'explorer si les modifications de composition des lipides
pulmonaires observees chez les patients atteints d'alveolite
extrinseque allergique (EAA) pourraient influencer les taux
de lymphocytes observes dans le poumon de ces patients.
Puisque les fumeurs de cigarettes sont moins sensibles a
l'alveolite extrinseque allergique, nous avons explore
egalement l'effet de la fumee de tabac sur la composition
lipidique du liquide de rcvetement pulmonaire. Le liquide de
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revetement pulmonaire a ete preleve par lavage bronchoalveolaire chcz 15 patients atteints d'alveolite extrinseque
allcrgiquc et chez 9 non-fumcurs et 13 fumcurs sans maladie
pulmonaire. Chcz lcs fumeurs, l'on a observe des aug mentations de phosphatidylelhanolamine, de sphingomyclinc et de
phosphatidylglycerol, et des diminutions du cholesterol et du
rapport c holesh~rol/phospho-lipides totaux, par comparaison
avec Jcs controles non-fumeurs. Au conttaire, Jcs patients
alteints d'alveolite extrinseque allergique avaient des
augmentations des phospho-lipides totaux et de la
sphingomyeline. L'on n'a pas observe de diminution
de cholesterol en relation avec le tabagisme. Certains
patients avaient des ruveaux de cholesterol et de rapport
cholesterol/phospho-lipides totaux au-dessus de la limite
superieure des sujets controle. Chez les patients atteints
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d'alveolite extrinseque allcrgique, les niveaux par ml des
lipides immuno-stimulateurs (sphingomy e line,
phosphatidylelhanolamine, cholesterol et ester de cholesterol)
etaient en correlation avec le nombre par ml de lymphocytes,
de mastocytes, de neutrophiles et de macrophages spumeux
dans les liquides de lavage alveolaire. Lcs nivcaux de
cholesterol (r =0.82) et les decomptes de lymphocytes (r =0.90)
sont en codelation la plus etroitc avec les macrophages
spumeux (p<O.OOI ). suggerant que !'absorption de cholesterol
par les macrophagcs pourr ai t stimuler la fonc tion de
presentation des ant ig~nes. Ces observations apportcnt quelque
argu ment en faveu r de l'h ypo thcsc selon Jaq u elle
l'environnement lipidique local pourrait influencer lcs
reactions inflammatoires pulmonaires.
Eur Respir J., 1990, 3, 1128-1139.

