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Assessment of pulmonary macrophage and neutrophil
function in sequential bronchoalveolar lavage
aspirates in sarcoidosis
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ABSTRACT Bronchoalveolar lavage was performed in eight patients with biopsy proved sar-
coidosis and eight control subjects matched for age and smoking habit, three sequential 60 ml
aliquots of sterile saline being used. Each aliquot was aspirated and analysed separately to
determine total and differential cell counts. Cellular metabolic activity was stimulated with latex
and measured by means of luminol enhanced chemiluminescence to assess neutrophil activity and
lucigenin enhanced chemiluminescence to assess macrophage activity. In control subjects mean
total cell counts were significantly greater in the second aspirate than in the first, but fell slightly in
the third. Similarly, in the patients with sarcoidosis mean total cell counts increased from aspirate
1 to a maximum in aspirate 2, before falling again marginally in aspirate 3. The only significant
difference in cell counts between patients with sarcoidosis and controls was an approximately
threefold increase in total lymphocyte counts in the former in each of the three aspirates. Luminol
chemiluminescence was similar in patients with sarcoidosis to that in controls in the first aspirate,
but was significantly greater in the second and third aspirates. Lucigenin chemiluminescence was
also significantly greater in the second and third aspirates only. Thus in patients with sarcoidosis
lymphocyte numbers are increased in all three aspirates whereas cellular metabolic activity is
increased to a greater extent in later aspirates, which may reflect events occurring in the periphery
of the lung segment.

Introduction

The alveolar pulmonary macrophage and lym-
phocyte have been implicated in the pathogenesis of
pulmonary sarcoidosis,'3 but the role of the neutro-
phil in the production of lung damage in sarcoidosis
is less well established.4 In a recent study luminol
enhanced chemiluminescence was found to be
increased in cells obtained at bronchoalveolar lavage,
and was interpreted as confirmation of increased
macrophage activity5; there is evidence, however,
that luminol chemiluminescence is myeloperoxidase
dependent' and reflects exclusively neutrophil activity
in lavage fluid.' Lucigenin enhanced chemilumines-
cence is probably mediated by superoxide radical
release8 and can be used as an index of alveolar
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macrophage activity.9 We have shown in pure cell
populations that luminol chemiluminescence is
specific for neutrophil activity, and that lucigenin
chemiluminescence provides a reasonable but slightly
less specific index of macrophage function.'0 We have
adopted these indices to assess the metabolic activity
of neutrophils and macrophages in lavage fluid. It
has been suggested that, when successive 60 ml
aliquots of saline are introduced into a segment of
the middle lobe, aspiration of the first aliquot obtains
cells largely from the major airways and aspiration of
subsequent aliquots obtain more cells from the
alveoli." Using computerised subtraction radiology,
we have recently shown that the kinetics of fluid
introduced and aspirated at lavage are consistent
with an increasingly alveolar wash with increasing
volume of introduced fluid.'2 We have therefore
applied a standard technique of three sequential
60 ml lavages at one site to eight patients with stable
sarcoidosis to confirm the value of chemilumines-
cence in assessing phagocytic activity in sarcoidosis,
and to determine the site of maximal cellular activity.
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Methods

We recruited eight consecutive patients (mean age

40-6 years), two of them smokers, attending the chest
clinic at Newcastle General Hospital with biopsy
proved, active sarcoidosis with pulmonary lesions.
The mean duration of disease was 12 (range 4-30)
months. None of the patients was taking cortico-
steroids, although two had received them until 18
and 24 months previously. Clinical details and
radiological staging are shown in table 1. Eight age

and sex matched normal control subjects (mean age
41 years), two of them smokers, were recruited from
patients who had undergone diagnostic broncho-
scopy for investigation of haemoptysis but in whom
no abnormalities had been found. These subjects had
normal results in pulmonary function tests and no
other evidence of pulmonary disease. Ethical com-
mittee approval and individual informed consent
were obtained.
A segment of the middle lobe was lavaged with

sterile buffered saline, warmed to 37°C, in three
aliquots of 60 ml. Each aliquot was promptly
aspirated into separate siliconised glass bottles kept
at 4°C. After filtration through a 200 gm2 sterile steel
mesh, total cell counts were performed on each
aspirate by two independent observers using a
Neubauer counting chamber. The mean values are
expressed as cells x 105/ml. The aspirates were cen-
trifuged at 400 g for five minutes, and the cell pellets
were individually resuspended at a concentration of
5 x 105/ml in Medium 199. Cell viability was asses-

sed by tryphan blue exclusion, and cytospin prepara-
tions were made with a Shandon II Cytospin with
100 ll of each cell suspension. The slides were
stained with Wright-Giemsa and differential cell
counts were performed on 300 cells by the same
observers. The mean values are expressed in absolute
x 105/ml) and percentage terms.
The cell suspension (500 p1) was added to 900 gil of

10' solutions of either luminol or lucigenin, and
warmed to 37°C. After the addition of 100 jl unop-
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sonised 5% latex particles (Signa Chemicals)
chemiluminescence was measured by an LKB 1250
luminometer. Cell suspensions from each aspirate
were assayed in triplicate, and the mean peak height
of each response was recorded in mv. This was
expressed as CL per 1000 neutrophils for luminol
and per 1000 macrophages for lucigenin to exclude
variations due to differing cells profiles.

Statistical comparison between the control subjects
and patients with sarcoidosis was performed with the
Wilcoxon rank test, and intragroup comparison with
Student's paired t test.

Results

The mean total cell count in aspirate 1 from patients
with sarcoidosis was not significantly different from
that of the control subjects. The mean total cell
count rose significantly in the second aspirate in both
the sarcoidosis and the control group (p < 0 05 for
each comparison). In the controls this was largely
due to an increase in the absolute number of macro-
phages, but in the patients with sarcoidosis there was
a significant increase in the absolute numbers of both
macrophages and lymphocytes (table 2a). In con-
trast, there was a significant fall in the absolute
numbers of neutrophils in the second aspirates in
each group (p < 0 05), as shown in table 2a. In both
groups the absolute and differential cell counts in the
third aspirate were similar to those in the second
aspirate.
The only significant differences in cell counts be-

tween the two groups was that the mean lymphocyte
count was higher in the patients with sarcoidosis
than in the control group (p < 0-01) in each of the
three aspirates. The percentage lymphocyte count
was reasonably consistent in each aspirate in both
the patients with sarcoidosis (32-38%) and the con-
trol subjects (15-18%) (table 2b).

Cell viability was at least 92% in all specimens. In
the control group both luminol and lucigenin
chemiluminescence remained relatively constant in

Table 1 Details of the clinical state and results of investigations on eight patients with biopsy proved sarcoidosis, including
overall mean valuesfor luminol and lucigenin (CL)

Patient Kveim Lavage Luminol Lucigenin
No Sex Age (y) test* Stage lymphocytes (%) CL (m VI03ON) CL (mV/I06M)

I F 58 ND 3 36 0-22 38
2 F 31 ND 1 37 0-48 18
3 F 35 ND 1 20 060 50
4 F 40 + 2 14 040 110
5 M 35 + 2 16 0-27 158
6 M 42 ND 3 35 060 20
7 M 42 ND 3 63 0-48 20
8 M 42 + 3 40 018 15

* + indicates positive results.
ND-not done; N-neutrophils; M-macrophages.
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Table 2 Mean (SD) absolute andpercentage cell counts in each aliquot aspiratedfrom control subjects andpatients with
sarcoidosis

Macrophages Lymphocytes Neutrophils Eosinophils Epithelial cells Total

(a) Absolute cell counts (x 10'/ml)
SARCOHDOS
Aliquot 1 0-63 (0-4)* 0-40 (0-3)* 0-09 (0-10)* 0-02 (0-02) 0-10 (0-07) 1-24 (0 8)*
Aliquot 2 1-06 (0-4)* 0-68 (0 4)* 0-02 (0-01)* 0 0-05 (0-05) 1-81 (0 9)*
Aliquot 3 0-87 (0 5) 0-72 (0-7) 0-03 (0-01) 0 0 04 (0-05) 1-67 (1-3)
Mean 0-91 (0-4) 0 65 (0-5) 0 03 (0 02) 0-01 (0-01) 0 05 (0-05) 1-65 (1 0)
CONTROL
Aliquot 1 0-71 (0 6)* 0-13 (0-07) 0-08 (0-06)* 0-01 (0-01) 0 07 (0 04) 1-00 (0 8)*
Aliquot 2 1-45 (1-3)* 0-20 (0-1) 0 05 (0-04)* 0 0-03 (0-04) 1-73 (1 5)*
Aliquot 3 1-20 (1-0) 0 25 (0 2) 0 04(0 06) 0 0 05 (0 02) 1-54 (1-1)
Mean 1-25 (11) 0.19 (0-1) 0-05 (0-05) 0 0 04 (0-03) 1-53 (1-2)

(b) Percentage cell counts
SARCOIDOIS
Aliquot 1 52 (12) 32 (16) 6 (7) 2 (2) 8 (8)
Aliquot 2 60 (13) 35(19) 1 (1) 0 4 (2)
Aliquot 3 61 (15) 37(20) 1 (1) 0 1 (1)
Mean 60 (14) 35 (18) 2 (2) 0-4 (0-3) 2-6 (2)
CONTROL
Aliquot 1 65(18) 16 (9) 9 (8) 1 (2) 9 (8)
Aliquot 2 78 (11) 15 (11) 2 (3) 0 5 (4)
Aliquot 3 81(10) 17 (11) 2 (2) 0 0
Mean 77 (12) 15 (10) 3 (4) 0-2 (0-2) 3-8 (3)
*Significant difference between aliquots I and 2 in both control and sarcoidosis groups by Student's paired t test (p < 0-05).

each aspirate (table 3). The differences between con-
trol subjects and patients with sarcoidosis in the
values of both luminol and lucigenin chemilumines-
cence from cells in the first aspirate failed to achieve
significance. In the second aspirate, however, luminol
chemiluminescence was significantly greater in
patients with sarcoidosis than in controls (p < 0 05).
Lucigenin chemiluminescence was also significantly
greater in patients with sarcoidosis in the second
aspirate than in controls subjects (p < 0.01). Both
luminol and lucigenin chemiluminescence were also
significantly increased in the third aspirate in patients
with sarcoidosis.

Table 3 Median (with ranges) lwninol chemiluminescence
(CL) (per 1000 neutrophils) and lucigenin CL (per 1000
macrophages) in each aliquot aspiratedfrom control subjects
andpatients with sarcoidosis

Sarcoidosis Control

LUMINOL CL (mV/103N)
Aliquot 1 0-42 (0-02-0 9) 0-36 (0-01-0-88)
Aliquot 2 0-64 (0.38-3-2)* 0 25 (0 04-0-68)
Aliquot 3 0-58 (0-14-2-4)* 0-29 (004-0-70)
LUCIGENIN CL (mv/103M)
Aliquot 1 0-014 (0-001-0-03) 0-008 (0-001-0-02)
Aliquot 2 0-022 (0-013-0-10)* 0 007 (0-001-0-03)
Aliquot 3 0-032 (0-010-0-06)* 0-008 (0-001-0-03)

Difference between patients with sarcoidosis and control subjects
by the Wilcoxon rank test (p < 0.05).
N-neutrophils;M-macrophages.

Discussion

An increase in the absolute and percentage number
of lymphocytes is an invariable finding in lavage fluid
from patients with active sarcoidosis.'3 In the current
study this change was found in sequential aspirates,
which are generally thought to reflect events occur-
ring at different anatomical levels" '2-hence the
increase in lymphocytes is non-specific and present
throughout the bronchoalveolar segment. The total
cell counts in both groups were greater in the second
and third aspirates than in the first, and this is
consistent with previous observations.'4 A reduction
in neutrophil numbers after the first aspirate has also
been described.5

In the present study the chemiluminescence gen-
erated by both neutrophils and macrophages was
greater in cells from patients with sarcoidosis than in
cells from the control group in each aspirate, confir-
ming that both cell types are activated in sarcoidosis.
The differences between the groups were more strik-
ing and achieved significance only in the second and
third aspirates, suggesting that not only are both cell
types activated in the lungs in sarcoidosis' but that
cell activation is predominantly found in the distal
airways and alveoli. This is consistent with the find-
ings of pathological studies of lungs in patients with
sarcoidosis.'6
Luminol chemiluminescence has been used to

assess neutrophil activity in several different con-
ditions,'7 18 although eosinophils may also contribute
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when present in sufficient numbers. Eosinophils com-
prised only 0 4% of the total cell population in the
patients with sarcoidosis and were most evident in
the first aspirate, where chemiluminescence was
lowest. They are therefore unlikely to have influenced
our results. Only small amounts of luminol
chemiluminescence are generated by macrophages
from lavage fluid,5 and the luminol chemilumines-
cence attributed to macrophages by Martin et al was
almost certainly due to neutrophils. Lucigenin
chemiluminescence has been used as an index of
alveolar macrophage activity in several disorders,1920
and is unlikely to have been influenced by the num-
bers of granulocytes present in this study.'" The
expression of chemiluminescence per 1000 cells is
more specific than total chemiluminescence, as it
overcomes the variable composition of lavage
aspirates. The same results, however, are obtained if
the data are expressed as total chemiluminescence
(per 250 000 cells).

Chemiluminescence provides a useful method of
assessing cellular metabolic activity, especially as it
requires minimal cell preparation, although it does
not afford a global measure of cell function. As part
of the interstitial lung damage in sarcoidosis may be
mediated by toxic oxygen species, chemiluminescence
seems a logical means of assessing disease activity.
Our study not only indicates lavage neutrophil
activation in sarcoidosis but suggests that pulmonary
macrophages are also activated. This increase in
macrophage activity may be highly relevant to the
pathogenesis of sarcoidosis as pulmonary macro-
phages are known to play an important part in
antigen presentation to T lymphocytes2' and stimula-
tion of T cell proliferation,22 and are known to
express an increased density of surface markers.23
Although our patients with sarcoidosis covered a
wide range in terms of radiological staging, this did
not relate to disease activity in our small group. The
increase in cellular metabolic activity appeared to be
greatest in the lung periphery, in keeping with the
idea that inflammatory alveolitis forms a central
feature of the disease process.
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