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Altered immunological reactivity in alveolar
macrophages from patients with sarcoidosis
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ABSTRACT: Lung macrophages may play an important role in the
pathogenesis of pulmonary sarcoidosis. In this study, the ability of pulmonary
macrophages and blood monocytes from sarcoidosis patients, normal controls
and disease controls to provide the accessory signal necessary for the
concanavalin A-induced activation of normal blood T cells was examined. Blood
monocytes from all groups sopplied a significantly greater accessory signal than
lung macrophages, The aceessory capacity of lavage macrophages from
sarcoidosis patients varied over a wide range and correlations were sought
between these values and other parameters of disease activity. Whilst there was
ne correlation with clinical parameters, accessory fanction of alveolar
macrophages correlated significantly with the percentage of T helper cclls in
bronchoalveolar lavage {(BAL) fluid (p <0.05) and, more closely, with the T
helper:T suppressor ratio in BAL fluld (p <0.01). This interrefationship between
macrophage activity and the T cell infiltrate favours the probability that both
cell types participate in the sarcoid disease process and raises the possibility that
T cells of both belper and suppressor phenotypes coniribute to the pathogenesis.
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Sarcoidosis is a multisystem disorder of unknown
cause, characterized by chronic inflammation and
granuloma formation at sites of disease activity [}7].
Investigations into the disease have been largely
confined to pulmonary studies, as the lung is the most
frequently aflecied organ [6] and provides a ready
source of cellular material via bronchoalveolar lavage
(BAL). Analyses of BAL fluid have shown that the
development of lung granulomata is secondary to a
substantial inflammatory infiltrate found in the early
stages of the disease [13, 14]. This infilirate is
characterized by the presence of T cells, predomi-
nantly of the helper phenotype [12] which, in several
studies have been shown to be activated [18, 19, 21]). It
has therefore been proposed that sarcoidosis has an
immunological aetiology, with the T helper cell
response ultimately resulting in granuloma formation
[6).

Recently, attention has also focused on the macro-
phage, the other inflammatory cell type involved in
the early stages of sarcoidosis. Macrophages consti-
tute over 90% of lavage celis in the normal lung and
whilst this proportion is decreased in the sarcoid lung,
absolute numbers are increased {4]. Furthermore, it
has been shown that a number of these cells are in an
activated state [10, 11] and may therefore be directly
involved in the disease process. Since macrophages
can act as essential accessory cells in lymphocyte
activation, the immunological competence of pul-
monary macrophages in sarcoidosis is of great

interest. In the experiments reported here we have
measured the accessory function of BAL macro-
phages and blood monocytes from patients with
sarcoidosis and from controls. In the assay employed,
the ability of these celis to supply accessory function
for the activation of T lymphocytes by the mitogen
concanavalin A was measured. This assay system was
chosen because allogeneic combinations of patient
accessory cells and normal T cells could be used so
that any abnormality in the responses could be
directly attributed to accessory cell function.

Subjects and methods
Clinical detaifs

Bronchoalveolar lavage was performed on seven-
teen patients in whom the diagnosis of pulmonary
sarcoidosis was established by standard criteria,
including biopsy. This group included nine females
and eight males, mean age 40+ 14 yr. Further clinical
details are given in table 1. A mixed group of non-
sarcoid lung disease patients undergoing lavage were
used as disease controls {table II). These included two
patients with rheumatoid lung disease, two with
alveolar proteinosis, one with fibrosing alveolitis and
one with interstitial lung disease. The mean age was
39412 yr and the group included two females and
four males.

Four normal controls, with no previous history of
lung disease and normal chest X-rays also underwent
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detached using a rubber policeman. This adherent
population, which was always >95% Mo2-positive,
was exposed to 2500 Rads irradiation to prevent
proliferation in the subsequent culture, and kept on
ice untit use.

Preparation of monocytes

Biood was collected into heparinized tubes, diluted
x 2 using Hanks Balanced salt solution (HBSS)
(Gibco) and layered onto Ficofl-hypaque density
separation medium (Pharmacia). After eentrifugation
mononuclear cells were collected, washed and separ-
ated into adherent and nonadherent populations and
trradiated as described above, the adherent popula-
tion being used as a source of monocytes.

Preparation of T lymphocytes

The nonadherent population obtained by plastic
adherence of peripheral blood mononuclear ceils (see
above) was applied sequentially to two nylon wool
columns which were incubated for 45 min at 37°C,
Cells eluted from the second column were used as the
T cell preparation and were always found to be
>95% OKT3-positive.

Accessory cell function assay

2 x 10° T cells per well were cultured in the presence
or absence of 5 x 10* accessory cells (alveolar macro-
phages or biood monocytes) with or without concana-
valin A {Con A) at a final concentration of Ipg/ml in
200 pl. In a preliminary series ol experiments this
ratio of T cells to accessory cells (4:1) was found to be
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optimal and the concentration of Con A used (Ipg/ml)
found to give the best discrimination between the
groups of accessory cells studied.

Tritiated thymidine (3H-TdR) was added for the
final 18 hours of the 72 hour culture, after which time
the cells were harvested and lymphocyte proliferation
assessed by liquid scintillation counting. Triplicate
cultures of each preparation were performed.

Results and statistics

To minimize the effect of inter-experimental varia-
tion, the results of proliferation assays are, where
indicated, presented as percentapes of the value
obtained using control blood monocytes. Thus in
every experiment, allogeneic control blood monocytes
were included and the value obtained taken as 100%.
In figures showing comparisons between groups of
data, the statistical analyses used were the Wilcoxon
rank test and Spearman’s rank correlation.

Results

Characterization of cell populations recovered by
lavage

The results of monoclonal antibody studies on the
lavage samples from sarcoidosis patients, disease
control patients and normal volunteers are presented
in tables III, TV and V. As can be seen {rom table III,
the percentage of T cells found in the lavage of
sarcoidosis patienis varied greatly, such that the
arbitrary division of patients into low and high
intensity alveolitis, as used by other authors [I, 20)
was deemed inapproprnate.

Table IN. - Analysis of T call component of BAL cells in sarcoidosis patients.

Patient Sex %T cells % T helper % T suppressor Th:T's ratio
1 F 20 1 9 1.2
2 F 12 10 2 50
3 F 20 16 4 4.0
4 M 37 34 4 8.0
5 F 20 15 6 2.6
6 M 17 9 7 1.5
7 M 58 22 36 0.6
8 F 3 1 2 0.7
9 M 5 3 3 1.0

10 M 45 39 7 60

11 M 43 17 28 0.6

12 M 27 23 8 3.0

13 F 73 35 14 4.0

14 F 36 29 12 2.0

15 F 3 1 3 0.3

16 M 41 31 10 30

17 F 8 3 5 0.5

The results shown are the percentage of lavage cells reacling positively with Leu 4 (total T cells), Len 3a (T helper celis) anc

2a (T suppressor cells).
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Fig. 1. BAL macrophages can act as accessory cells in the T cell response to Con A, Results shown are the mean +sp {or uptake of 3JHTdR
included during the final 18 h of a 72 h incubation at 37°C. These results are from a normal conirol.
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This figure shows the Th:Ts ratio of BAL T cells plotted
accessory capacity of BAL macrophages {from sarcoidosis
) assessed by their ability to induce proliferation of T cells
| with Con A (r=0.71, p<0.01).
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Fig. 5. This figure shows the percentage of T helper cells in luvage
populations plotted against accessory capacity of BAL macro-
phages {from sarcoidosis paticnts) assessed by their ability to
induce proliferation of T cells cuitured with Con A (r=0.51,
p<0.05).

narrower range (56 +15% and 47+ 27% respectively)
and accessory function did not correlate with pul-
monary T cells.

The immunological competence of pulmonary
macrophages is currently the subject of some contro-
versy. We have [lound lavage macrophages to be
significantly poorer accessory cells than peripheral
blood monocytes. This is in agreement with the
findings of some.groups [22] and at odds with those of
others who have shown BAL macrophages to be
superior to monocytes [8, 9] or to be completely
immunologically inert [15, 16]. Such contradictions
must result from the variety of materials and methods
employed and it is not known which, if any, of these
conditions reflect the physiological situation.

It has previously been suggested by VENET et ai. [22]
that sarcoid pulmonary macrophages display en-
hanced immunological [unction. However, as auto-
logous BAL macrophages and blood T lymphocytes
were used in this study, the increased response to
aniigen could not be conclusively assigned either to
enhanced antigen presentation or to altered T cell
responsiveness. Further evidence of increased reactiv-
ity of BAL macrophages in sarcoidosis is given by
reports of large quantities of interleukin 1 being
constitutively produced, and increased levels of HLA-
DR expression by these cefls [3]. In this study we have
shown that macrophage function is also intimately
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associated with the lymphocyte alveolitis. None of
these alterations in cellular reactivity are mirrored in
the peripheral blood monocytes of sarcoidosis
patients which provide an accessory signal equiva-
lent to that of control responses to mitogen (this
study) and antigen [22].

Qur finding of a very close correlation between
macrophage accessory function and T helperT
suppressor tatio {Th:Ts) suggesis that T cells of both
phenotypes contribute to the disease process. In
support of this, the subgroup of sarcoidosis patients
with a Th:Ts ratic of 1 or less (n=46) have an
accessory capacity of 40+21% whilst for the
subgroup with Th:Ts greater than 1 the accessory
capacity is 98 £35 (n=11). This difference is highiy
significant {p<0.01) und may reflect a role for both T
cell subclasses. The finding is very interesting in light
of recent suggestions that the T helper:T suppressor
ratio is an important prognostic indicator of pulmon-
ary sarcoidosis [5], although this has been challenged
by other studies [2, 7}.

Although the triggering factor(s) have not yet been
identified, all the ingredients necessary to mount an
active immune response are present in the lower
respiratory tract in the early stages of sarcoidosis.
Once triggered, the following scquence of evenis
could be postulated: macrophages present antigen
{from the triggering agent) to T cells, resulting in their
activation; these T cells in turn produce factors which
further enhance macrophage function; with progres-
sion an increasing spiral of cell activation would
result. I these mechanisms are operative in sarcoido-
sis it would suggest that, rather than being a disorder
of T helper cells, the cellular events in the lung follow
the typical pattern of a normal immune defence to an
extrinsic agent. In the majority of patients a localized,
self-limiting immune reaction takes place. In others, a
more progressive disease develops with continuing
participation of activated helper ceits and enhanced
accessory function; T suppressor cells may play a role
in down-regulating the immune response.
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RESUME: Les macrophages alvéolaires pourraient jouer un role
importan| dang la pathogénie dc la sarcoidose pulmonaire. Dans
cctte élude nous avons examiné e pouvoir des macrophages
alvéolaires et des monocytes sanguins, provenant de malades








