
Thorax 1994;49:1146-1151

Activation of peripheral blood mononuclear
cells in bronchoalveolar lavage fluid from
patients with sarcoidosis: visualisation of single
cell activation products

P Pantelidis, AM Southcott, AD Cambrey, G J Laurent, RM du Bois

Abstract
Background- Interstitial lung diseases are
characterised by the recruitment of
mononuclear cells to disease sites where
maturation occurs and activation prod-
ucts, including lysozyme (LZM), are re-
leased. Analysis of in vitro cell culture
supernatants for activation products
masks the functional heterogeneity of cell
populations. It is therefore necessary to
examine the secretion of activation prod-
ucts by single cells to assess whether the
activation ofnewly recruited mononuclear
phagocytes at the sites of disease in the
lung is uniform and controlled by the local
microenvironment.
Methods - The reverse haemolytic plaque
assay was used to evaluate, at a single cell
level, the ability ofbronchoalveolar lavage
(BAL) fluid from seven patients with sar-
coidosis to activate Ficoll-Hypaque-sep-
arated peripheral blood mononuclear cells
by comparison with BAL fluid from six
normal volunteers and nine patients with
systemic sclerosis. Monolayers of peri-
pheral blood mononuclear cells and sheep
red blood cells were cultured either alone
or in the presence of 20% (vlv) BAL fluid
with a polyclonal anti-LZM antibody.
LZM/anti-LZM complexes bound to red
blood cells surrounding the secreting cells
were disclosed following complement lysis
of red blood cells and quantification of
plaque dimensions using microscopy and
image analysis.
Results - Bronchoalveolar lavage fluid
from all the patients with sarcoidosis in-
creased LZM secretion by peripheralblood
mononuclear cells compared with un-
stimulated mononuclear cells. By con-
trast, BAL fluid from the other individuals
had no effect on LZM secretion.
Conclusions - Single cells activated by
BAL fluid can be evaluated by the reverse
haemolytic plaque assay. BAL fluid from
patients with sarcoidosis, but not from
patients with systemic sclerosis or normal
individuals, contains components capable
of activating mononuclear phagocytes to
secrete lysozyme.

(Thorax 1994;49:1146-1151)

Sarcoidosis is characterised by the ac-
cumulation at disease sites ofmononuclear cells

resulting in the formation of epithelioid cell
granulomas."2 Circulating monocytes which
are attracted to disease sites are subjected to
the influence of local proinflammatory signals
resulting in phenotypic and functional changes
as they undergo maturation and activation.3
One of the activation products of stimulated
mononuclear phagocytes is lysozyme (LZM),4
and measurements ofLZM concentration have
been used as an index of active disease.56 The
primary function ofLZM has always been con-
sidered bactericidal,47 even though previous
work has shown that it may play a part in the
modulation of monocyte-lymphocyte inter-
actions8 and depression of neutrophil chemo-
taxis.'

If monocytes attracted to disease sites in
sarcoidosis are stimulated to produce increased
amounts ofLZM, we hypothesised that factors
within the local microenvironment are re-
sponsible for this change in function. To test
the hypothesis we have used a method of iden-
tifying secretory products at the single cell level
using the reverse haemolytic plaque assay to
examine the effects of bronchoalveolar lavage
(BAL) fluid on LZM secretion. The ability of
the reverse haemolytic plaque assay to visualise
cytokine products by single cells allows the
modulation in function of cells to be assessed
in the absence of cell-cell interaction and min-
imises paracrine effects ofproinflammatory me-
diators from other cells in culture, thus enabling
the direct effect of added BAL fluid on cell
activation to be analysed. We therefore ex-
amined BAL fluid from patients with sar-
coidosis, patients with systemic sclerosis, and
normal individuals and compared the capacity
of each to activate "naive" monocytes to syn-
thesise and secrete LZM.

Methods
PATIENTS
Three groups were studied: (1) patients with
sarcoidosis (n=7; M:F 4:3; age 30-2 (1-6)
years), (2) patients with fibrosing alveolitis as-
sociated with systemic sclerosis (n=9; M:F
4:5; age 44-6 (1-7) years), and (3) normal
volunteers (n=6; M:F 3:3; age 26-3 (046)
years). Ofthe patient groups, two patients with
sarcoidosis were current smokers and three
with systemic sclerosis were receiving treatment
(prednisolone).
A diagnosis of sarcoidosis was confirmed by

the presence of non-caseating granulomas in
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transbronchial lung biopsies or a positive
Kveim reaction in a clinical setting consistent
with sarcoidosis. Patients with systemic scler-
osis met the American Rheumatism As-
sociation preliminary criteria for this
diagnosis.'0 A diagnosis of pulmonary fibrosis
in systemic sclerosis was made by the finding
of typical changes on high resolution computed
tomographic scanning."

All patients underwent bronchoalveolar lav-
age (BAL) as part of their clinical evaluation.
The normal volunteers chosen were non-
smokers with no evidence of pulmonary dis-
ease. Approval for lavage of the normal vo-
lunteers was given by the Royal Brompton
Hospital ethics committee.

BRONCHOALVEOLAR LAVAGE FLUID
Bronchoalveolar lavage fluid was collected from
patients with sarcoidosis, systemic sclerosis,
and normal individuals during routine bron-
choscopy and lavage.'2 Briefly, 100 ml of
warmed normal saline was instilled in 20 ml
aliquots in three subsegmental bronchi (the
right middle lobe, right lower lobe, and lingula)
and aspirated immediately. The cells were sep-
arated from the BAL fluid by centrifugation at
200 g, 4°C, seven minutes. The BAL fluid was
then subjected to a further centrifugation at
600 g for 10 minutes and stored in 5 ml aliquots
at - 80°C until further analysis. Before use in
the reverse haemolytic plaque assay the BAL
fluid was passed through a filter with a pore
diameter 02g,m.

ISOLATION OF HUMAN PERIPHERAL BLOOD
MONONUCLEAR CELLS
Peripheral blood mononuclear cells were isol-
ated from heparinised venous blood from the
same normal individual using a Ficoll-Hypaque
gradient (Pharmacia, Milton Keynes, UK) ac-
cording to the method of Boyum.'3 After three
washes in Hank's buffered salt solution (Gibco,
Uxbridge, UK) the peripheral blood mono-
nuclear cells were resuspended to a final con-
centration of 2 x 106 cells/ml in RPMI 1640
media (Gibco, Uxbridge, UK) containing 0-1%
bovine serum albumin (BSA) and penicillin
(100 U/ml)/streptomycin (100 ig/ml) (com-
plete media) for use in the reverse haemolytic
plaque assay.

REVERSE HAEMOLYTIC PLAQUE ASSAY
The assay was performed using a modification
of the method of Lewis et al.'4 In brief, Cun-
ningham chambers'5 were prepared by coating
microscope slides with poly-L-lysine and con-
structing a 30 gl chamber using double-edged
tape and a coverslip. 6 Human peripheral blood
mononuclear cells and protein-A coated sheep
erythrocytes were mixed in equal volumes and
aliquoted into Cunningham chambers. The
cells were allowed to settle on the poly-L-lysine-
coated slides for 40 minutes in an atmosphere
of 5% CO2 at 37°C. Excess unattached cells
were removed by rinsing each chamber with
complete media leaving a confluent monolayer

of erythrocytes and peripheral blood mono-
nuclear cells on the poly-L-lysine-coated sur-
face. The chambers were then filled with
complete media containing 1/50 dilution of
rabbit anti-human LZM (Dakopattis Ltd, High
Wycombe, UK) from which sodium azide had
been previously removed using an Amicon
Concentrator'7 (Amicon Ltd, Gloucestershire,
UK), and 20% ((v/v):final dilution in culture
chamber) of either normal saline (control) or
BAL fluid from patients with sarcoidosis, sys-
temic sclerosis, and normal subjects (the op-
timum concentration ofBAL fluid determined
by preliminary experiments). The chambers
were incubated for three hours at 37°C in 5%
CO2 and then washed with complete media
and filled with complete media containing 1/30
dilution of guinea pig complement (Gibco,
Uxbridge, UK). After 25 minutes incubation
at 37°C in 5% C02, during which period
plaques of haemolysis were formed around the
LZM-secreting cells, the chambers were
washed with complete media without BSA and
either fixed with 4% glutaraldehyde in phos-
phate buffer (pH 7 4) and stored at 4°C under
Tris-buffered saline (TBS) prior to estimation
of plaque dimensions, or infused with 0 5%
(v/v) Trypan Blue solution and incubated for
five minutes at 37°C to test the viability of peri-
pheral blood mononuclear cells. Cell viability
was always >95% at the end ofthree hours incu-
bation in the reverse haemolytic plaque assay.
The specificity ofplaque formation for LZM

secretion was confirmed since no haemolytic
plaques were observed when (a) mononuclear
cells were omitted from the assay; (b) when the
anti-LZM antibody was omitted and replaced
with 1:50 normal rabbit serum; (c) when com-
plement was omitted; (d) when uncoated eryth-
rocytes were used; (e) when the antibody was
preabsorbed at 4°C overnight with >3 ig/ml
human LZM (Calbiochem, Nottingham, UK).
To minimise the day to day variations that

exist during culturing of the peripheral blood
mononuclear cells in the reverse haemolytic
plaque assay, even though culturing conditions
were stringently observed, each assay contained
at least one sample of BAL fluid from each
study group examined and a control in which
the volume of BAL fluid was substituted with
normal saline.

IMMUNOSTAINING OF MONOCYTES
At the end of the assay the plaque-forming cells
were identified as monocytes by immuno-
labelling with KP1 mouse monoclonal anti-
body (gift from Dr DY Mason, Oxford, UK)
which recognises proteins of 110, 70, and
40 kDa expressed in the lysosomal fraction of
mononuclear phagocytes.18 Visualisation of
positively staining cells was achieved using the
alkaline phosphatase/anti-alkaline phosphatase
(APAAP) immunocytochemical method'9 em-
ploying a 1/50 dilution of rabbit anti-mouse
IgG, 1/50 dilution ofAPAAP complex, alkaline
phosphatase substrate, and fast red with
haematoxylin counterstaining. After colour de-
velopment the chambers were dried, the cover-
slip removed, and a new coverslip mounted.
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LYSOZYME CONTENT IN THE BAL FLUID
Concentrations of free LZM in the BAL fluid
were measured by radial immunodiffusion
(The Binding Site, Birmingham, UK).

J,~~~,

Figure I Photomicrograph of KPI-stained, LZM secreting, monoc
sheep red blood cell lysis surrounding two LZM secreting cells are sh

rigure 2 lnfluence oJ increasing concentrations of bronchoalveolar lavage (BAL) fluid
from two patients with sarcoidosis on the secretion ofLZM by peripheral blood monocytes
from a normal individual. Cultures containing 10% and 20% (v/v) BAL fluid secreted
significandy more LZM than control cultures (medium) (*p<0 02, **p<0.01). Bars
represent mean and standard error in each case. ***Concentrations of BAL fluid that
resulted in the suppression ofplaque formation.

PLAQUE QUANTIFICATION
Plaque area was measured using Leitz mi-
croscopy, Apple Macintosh computer, and
image analysis package (Improvision UK).
Fifty plaques per chamber were measured in
five replicate chambers (250 plaques in total).
The following criteria were applied when

measuring plaque area: (a) lysis ofsheep erythro-
cytes around the plaque-forming cell had to
be visible and well defined; (b) cells were

chosen for plaque measurement by examining
randomly selected non-overlapping microscope
fields; (c) only plaques formed by single cells
were counted; (d) plaque counting was per-

formed "blind" without knowledge of the iden-
tity ofthe chambers. The coefficient ofvariation
for intraobserver variability was 4-3% for 600
plaques.

ALBUMIN CONCENTRATION IN BAL FLUID

Albumin concentrations in the BAL fluid
samples were measured by bromocresol green
colorimetric assay (Sigma Chemical Co Ltd,

;;^Xs Poole, Dorset, UK) and performed in du-
plicate. Briefly, a standard solution of human

serum albumin (Sigma Chemical Co Ltd),
500 g/l in normal saline, was diluted to a range

covering albumin concentrations of 0-05-0 5
g/l. Duplicate 1 ml aliquots of each standard

gr 9 BiandBAL fluid sample were pipetted into 3 - 5 ml

polystyrene test tubes (Sarstedt Ltd, Beaumont
Leys, Leicestershire, UK) and, after the ad-
dition of an equal volume ofbromocresol green

cytes (A). Plaques of solution, the reaction was allowed to proceed
own. at room temperature for 10 minutes. The ab-

sorbance of each sample was measured at
630 nm on a Gilford 2600 spectrophotometer
(Corring Ltd, Essex, UK) and the con-

centrations ofalbumin in the BAL fluid samples
were estimated from the linear relationship
demonstrated between albumin concentration
and absorbance as a standard curve (r = 0 999,
p<0.0001).

STATISTICAL ANALYSIS
Results of single replicate experiments were

analysed with the Student's t test. Group data
are distributed non-parametrically and com-

parisons between groups were made using the
Mann-Whitney U test. A p value of <0 05 was

considered to be significant for all analyses.
The data in the text and in the figures are

shown as mean (SE).

Results
EVALUATION OF REVERSE HAEMOLYTIC PLAQUE
ASSAY
To evaluate the reverse haemolytic plaque assay

as a means of identifying LZM secretion by
single cells, preliminary experiments were con-

ducted with peripheral blood mononuclear cells
cultured in the absence of stimulation to de-
termine spontaneous secretion ofLZM and the
specificity of plaque formation for LZM.

Easily identifiable plaques were seen after
incubation of peripheral blood mononuclear
cells for three hours, at which time point >95%
of all cells were viable (fig 1). Plaque formation
was completely suppressed if antibody to LZM
was incubated with human placental LZM at
concentrations >3 ig/ml at 4°C for 12 hours
prior to being added to the culture medium
(data not shown).
KP 1 immunostaining for mononuclear pha-

gocytes confirmed that all plaque-forming cells
were monocytes.

INFLUENCE OF BAL FLUID FROM PATIENTS WITH

SARCOIDOSIS ON THE SECRETION OF LZM
In order to identify the concentration of BAL

4& v
M*

._ ";
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Figure 3 Heterogeneity ofLZM secretion within
examples of the effect ofBAL fluid from single ina
secretion ofLZM by peripheral blood monocytes fr
increase is seen in the percentage of cells forming kc
with BAL fluid from patients with sarcoidosis. Co

HETEROGENEITY OF LZM SECRETION WITHIN
THE MONOCYTE POPULATION

*- *Control Because it is recognised that the mononuclear
A - -- Normal phagocyte population is heterogeneous, the
*....* Systemic sclerosis population of plaque-forming cells was ex-
*.*- Sarcoidosis amined for heterogeneity of LZM secretion.

There was considerable variation amongst in-
dividual peripheral blood mononuclear cells in
the amount of LZM secreted after three hours
of incubation. This variation of plaque size
ranged from 250 gm' to 3000 im2; fig 3
illustrates the results from one such assay.

Incubation of normal peripheral blood
mononuclear cells with lavage fluid obtained
from patients with sarcoidosis produced an
increase in the number of cells that formed
larger size plaques, shown as a shift of the
distribution curve to the right indicating a much

._.+.--+wider distribution in plaque sizes. Plaque size
2000 2500 3000 3500 distributions after incubation with lavage fluid

from normal individuals or patients with sys-
3 (m2) temic sclerosis were no different from controls
the monocyte population. Shown are using normal saline (fig 3). While 33% of
(ividuals in each disease group on the plaque-forming cells stimulated by fluid from
om the same normal individual. An patients with sarcoidosis produced plaques of
irger size plaques following stimulation area greater than 1250 gm2, on average only
ontrol= 20% (v/v) normal saline. 4% of plaque-forming cells stimulated by BAL

fluid from other groups produced plaques of
this size.

2000

N 1500 -

E
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Figure 4 Mean (SE) average plaque size from a single assay. Shown are repli
( x S) of average plaque size following stimulation with BAL fluid from a single
individual in each group (sarcoidosis v control; p<0 01). Bars represent mean a;
standard error in each case. Control= 20% (v/v) normal saline.

fluid that produced a maximum stimuJ
secretion of LZM by normal peripher
mononuclear cells, BAL fluid was exar
a concentration range of 10% (v/v) to 54
from two patients with sarcoidosis to de
their stimulatory capacity.
Both 10% (v/v) and 20% (v/v) BP

caused a significant increase in secr
LZM (fig 2; p<002, p<0-01, respe
with a maximum response at 20% (v/v)
formation was suppressed at conce
ranges of 30-50%. For all subsequ
periments 20% (v/v) was used.

AUGMENTATION OF LZM SECRETION BY BAL
FLUID FROM PATIENTS WITH SARCOIDOSIS

* To assess the influence of BAL fluid from
normal subjects, patients with systemic scler-
osis and patients with sarcoidosis on the se-
cretion of LZM by mononuclear phagocytes
from a single normal individual, replicate assays
were performed using BAL fluid from at least
a single individual from each group in each
group of assays. The results from one such
assay are shown in fig 4. It can be seen that
BAL fluid from patients with sarcoidosis in-
creased the secretion ofLZM by approximately
50% (p<0 01).
When evaluating the group data as a whole

the average plaque size measurements were

expressed as percentage increase of the average
oidosis plaque size of the control. The group data are

summarised in fig 5. There was a uniform
significant augmentation (p<001) ofLZM se-

cates cretion by peripheral blood mononuclear cells
nd from the same normal individual cultured with

20% (v/v) BAL fluid from patients with sar-
coidosis but not with BAL fluid from patients
with systemic sclerosis or normal individuals.

lation of Importantly, all seven BAL fluid samples from
al blood patients with sarcoidosis increased plaque sizes
nined at by an amount greater than BAL fluid samples
0% (v/v) from any of the other groups.
-termine

kL fluid INFLUENCE OF LZM CONCENTRATIONS IN BAL
etion of FLUID ON PLAQUE FORMATION
ctively), Because varying amounts of LZM are present
Plaque within BAL fluid, reflecting in vivo secretion,

ntration LZM concentrations were evaluated to de-
ient ex- termine whether they influenced plaque form-

ation.
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Figure S Group data.
BAL fluid from patients
with sarcoidosis
significandy upregulated
(p<O O1) monocyte LZM
secretion. Bronchoalveolar
lavage fluid from patients
with systemic sclerosis and
normal individuals had no
overall influence on the
spontaneous secretion of
LZM. The results are
expressed as percentage
increase of average plaque
size normalised to control
average plaque size. Lines
represent mean and
standard error in each case.
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ofLZM were similar in all three grc
and average plaque size did not co:
LZM concentrations in BAL flt
lavage fluid samples containing I
> 15 jtg/ml (final concentration in cu
bers 3 ,ug/ml after 20% (v/v) dilutio
only samples which abolished plaqui
- that is, native LZM bound antit
culture medium leaving no free anti
ing sites for LZM released by cultt
cytes. This is consistent with ot
experiments which showed that
centrations >3,ug (>15 jig/ml after
dilution in the final culture mix) t
formation ofplaques. There was no
between LZM levels in the BAL flu
and the size ofthe average plaque ar

DILUTION OF RESIDENT LUNG EPITHI
LINING FLUID
To determine whether the leakag
factors due to increased vascular p
or the volume of lavage return cot
for the observed between-group diff
assayed BAL fluid for albumin, a
known to be synthesised within the
parenchyma, and measured the pe
instilled fluid which was returned
pared these data between grot
albumin concentrations (duplicat
ments) were not different between
(table). Similarly, the range of flt
were comparable (data not shown)

Mean (SE) and range of lysozyme and albumin levels in the bronchoalveol
fluid from patients with sarcoidosis, systemic sclerosis and normal subjects

Group Lysozyme (pg/mi) Albumin (mg/ml,

Sarcoidosis 7-7 (1-1) 0-105 (0-03)
(n=7) (4- 1-11-8) (0-0197-0-243)
Systemic sclerosis 10-32 (2-18) 0-0897 (0 019
(n= 9) (2-8-19 4) (0-047-0-212)
Normals 7-83 (0-88) 0-085 (0-018)
(n = 6) (4-1-10-0) (0-036-0-161)

p < 0-01 Discussion
* This study has shown that normal peripheral

blood mononuclear cells exposed to lavage fluid
from patients with sarcoidosis, but not lavage

-9 fluid from patients with systemic sclerosis or
normal individuals, synthesised and secreted
approximately 40% more LZM than cells in-
cubated in the presence of normal saline. Fur-

* thermore, the use of a reverse haemolytic
plaque assay to visualise mediator production

* by single cells has shown that there is a con-
siderable heterogeneity in LZM secretion by
mononuclear cells, and that this heterogeneity
is enhanced by BAL fluid from patients with
sarcoidosis but not those with systemic sclerosis
or normal individuals.

Heterogeneity among the mononuclear pha-
gocyte population at disease sites has long been
recognised202' and, in diseases like sarcoidosis

Sarcoidosis or cryptogenic fibrosing alveolitis, this hetero-
geneity can be further visualised using panels
of monoclonal antibodies.2223 Furthermore, in
sarcoidosis diversity of cell surface phenotype
is also recognised within the mononuclear
phagocyte population which make up the
granulomas.2324 Surface phenotype hetero-

icentrations geneity has not yet been related to functional
)ups (table) status because of the constraints applied by
rrelate with traditional cell culture methodologies. Studies
uid. Three of peripheral blood monocyte subpopulations
ZM levels separated by density gradient25 do, however,

ilture cham- show a diverse secretory repertoire probably
tn) were the reflecting the in vivo tight local control exerted
eformation over inflammatory cells such as those of the
body in the mononuclear phagocyte series.26
ibody bind- Activated cells within granulomas in sar-
ired mono- coidosis are known to synthesise and secrete
.ir previous LZM and serum LZM levels have been used
LZM con- in some studies as a marker of an active disease
20% (v/v) process.5 6 27 In this regard, our study has shown

blocked the that BAL samples of the epithelial lining fluid
Fcorrelation from the lower respiratory tract of patients with
aid samples sarcoidosis contain macromolecules capable of
,ea (p>O0 1). enhancing LZM secretion by normal mono-

cytes. This is consistent with other studies
which have identified stimulating factors in

ELIAL lavage fluid specific for sarcoidosis.2' Although
the nature of these factors is not known,

e of serum interferon gamma, a lymphokine which is
ermeability spontaneously released from cells obtained from
ild account the lungs of patients with sarcoidosis,29 is
Ferences, we known to stimulate LZM secretion in cultures
protein not of macrophage cell lines.30 It remains possible,
pulmonary therefore, but not proven by this study,
rcentage of that interferon gamma is the stimulating factor
and com- in the lavage fluid.

aps. Mean As well as a marker of biological activity in
e measure- sarcoidosis, LZM may have an immuno-
the groups modulatory role. Although traditionally con-
uid returns sidered to be a macromolecule which has

bactericidal activity, LZM is now known to
reduce neutrophil chemotaxis9 and also to

Carlavage exert an upregulatory effect on monocyte-
depleted mixed lymphocyte cultures.8 Fur-
thermore, LZM can reduce the in vitro re-
sponse of lymphocytes to mitogens." This
implies a specific control of monocyte function

4) within the local microenvironment in sar-
coidosis which might have a direct effect on
restoring tissue homeostasis.
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In systemic sclerosis, a condition in which
mononuclear phagocytes also traffic to disease
sites and also release potent mediators - in-
cluding tumour necrosis factor alpha and
interleukin-83233 - which can modulate the
disease process, other control mechanisms are

likely to be involved in stimulating monocytes
to produce a quite distinct repertoire of me-

diators which are, therefore, disease dependent.
The reverse haemolytic plaque assay has a

number of advantages over traditional culture
methods. Firstly, although the assay cannot
completely abrogate paracrine effects, the small
volume of the incubation chamber makes these
much less likely, particularly as cells isolated
from other cells were chosen for measurement.
Secondly, visualisation of products of single
cells provides the added advantage of com-

bining this with immunocytochemical staining
using specific monoclonal antibodies which will
allows changes in surface phenotype to be re-
lated to plaque formation (that is, function) and
this is the subject of further studies. Thirdly,
our preliminary studies using pure LZM have
confirmed that the assay is specific for LZM
secretion. This method therefore allows a much
more complete dissection of individual cell
functions to be undertaken.

In conclusion, we have shown that epithelial
lining fluid obtained from patients with sar-

coidosis can modulate the function of peri-
pheral blood mononuclear cells which implies
that newly arriving monocytes at disease sites
receive specific stimulatory signals which define
their functional role within the disease process.
Furthermore, we have shown that there is het-
erogeneity within the monocyte population in
terms of amount of LZM produced per cell,
and that the stimulatory activity is found only
in lavage fluid obtained from patients with
sarcoidosis. The reverse haemolytic plaque
assay will allow the further exploration of sub-
populations of mononuclear phagocytes to be
undertaken with particular regard to their se-

cretory repertoire, and this may provide greater
insights into the regulation of mononuclear
phagocyte function in the lung at disease sites.

We would like to thank Mr Michael Kemp for his help with
the lysozyme measurements in the bronchoalveolar lavage fluids.
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