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Interaction of immune complexes and T suppressor

cells in sarcoidosis
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ABSTRACI Circulating immune complexes were present in half of 31 patients with sarcoidosis and
raised levels were associated with low numbers of T suppressor cells (Ty- and Fcy-receptor-
positive lymphocytes). Incubation of T cells with trypsin restored the percentage of Ty cells to
within or above the normal range. Incubation of normal lymphocytes with sarcoid immune
complexes significantly reduced the number of detectable Ty cells. Preincubation of normal
lymphocytes with circulating immune complexes significantly reduced their blastogenic response
to concanavalin A. These studies suggest an interaction between immune complexes and T
suppressor cells in sarcoidosis and emphasise the importance of immune complexes in modulating
the immune response.

Sarcoidosis is associated with various alterations in
the immune response.'4 Cutaneous anergy to
tuberculoprotein and other recall antigens is com-
mon.56 Patients with sarcoidosis frequently have low
numbers of circulating T lymphocytes (E-receptor-
positive cells) and an associated decrease of the in
vitro T lymphocyte response to mitogens.7 That the
T lymphocyte population contains both T cells hav-
ing a helper function (T,u) and ones having a sup-
pressor function (Ty) is now well established.8 The
possible role of suppressor cells (Ty) in diseases with
aberrant immune responses has been studied by var-
ious techniques. We have used the ability of T sup-
pressor cells to bind the Fc portion of immunoglobu-
lin G (IgG) (Ty or Fcy-positive cells) to investigate
the role of suppressor cells in sarcoidosis. In addi-
tion, we have studied the role of immune complexes,
as sarcoidosis is commonly associated with increased
concentrations of circulating immune complexes.9- 2

Methods

Subjects Thirty-one patients with sarcoidosis (18
men and 13 women, aged 20-64 years) entered the
study. The duration of their disease ranged from one
month to 10 years and the sarcoidosis was classified
conventionally as stage I (10 patients), stage II (9
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patients), and stage III (12 patients). The diagnosis
was confirmed by Kveiin testing or tissue biopsy. No
treatment was being given at the time of study. The
control population comprised 21 healthy laboratory
personnel matched for age and sex.

Immune complexes Blood was allowed to clot for
two hours at room temperature and serum was sepa-
rated by centrifugation and stored at -20°C. Com-
plexes were measured by two techniques. The Raji
cell radioimmunoassay was performed using the
technique of Theofilopolous et al. 13 These measure-
ments were kindly performed by Dr P Verroust of
Paris and are expressed as aggregated human globu-
lin equivalents (AHG) in ,g/ml; values of 40 ,ug/ml
and above are pathologically significant.
Polyethylene glycol precipitation (PEG) was per-
formed as described by Chia et al. 14 Samples from a
single batch of pooled AB serum (Flow
Laboratories, UK) were used as control sera.

Isolation of T cells (E-rosette positive) Mononuc-
lear cells were isolated from heparinised peripheral
blood by Ficoll-Hypaque density-gradient cen-
trifugation. The interface cells were washed three
times in RPMI 1640 (Flow Laboratories), which
contains 2 g/l sodium bicarbonate and 100 ,ug/ml
penicillin and streptomycin and are resuspended to a
final concentration of 5 x 106 cells/ml. A suspension
of 1 ml mononuclear cells, 1 ml human AB serum
absorbed with sheep red blood cells (SRBC), 1 ml of
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0.5% SRBC, and 2 ml of RPMI 1640 was cen-
trifuged at 200g for five minutes and then incubated
for one hour at 4°C. The pellet was gently suspended
and the rosetted T cells were separated from the B
cells and monocytes by further centrifugation on
Ficoll-Hypaque. The SRBC attached to T cells were
lysed with buffered ammonium chloride and the
cells washed three times in RPMI 1640 containing
20% AB serum. The T cell yield was 97% pure as
assessed by EAC rosetting, with 96% viability as
determined by Trypan blue exclusion. The samples
were free from macrophages as confirmed by non-
specific esterase staining.

Anti-ox red blood cell (ORBC) antibodies Anti-
body to ORBC was obtained from rabbits immun-
ised initially with 1 ml of 50% ORBC intravenously
and given three weekly booster injections. Serum
was obtained five weeks after the initial injection
and IgG prepared by DEAE-cellulose chromato-
graphy and adjusted to a final concentration of 10
mg/ml.

ORBC-antibody complexes (OAg) ORBC anti-
bodies were washed in RPMI 1640 three times and a
5% concentration was incubated at 37°C for 45
minutes with a subhaemagglutinating dose of IgG
antibody. The sensitised cells were washed in RPMI
1640 three times and used at a 5% concentration.

T cells with receptors for IgG (Ty-Fcy-positive
cells) Purified T cells (100 IlI) (2 x 106 cells/ml)
were mixed with 5% OAg (100 ,ul), centrifuged at
50 g for five minutes and incubated at 4°C for one
hour. The pellet was resuspended and the number of
rosettes were counted and expressed as a percentage
of the total T cell population.

Trypsin treatment of T cells T lymphocytes from
patients with sarcoidosis were isolated and adjusted
to a concentration of 5 x 106 cells/ml. Aliquots of 1
ml were incubated in trypsin (Sigma Chemical Co
Ltd) at a concentration of 2 mg/ml for 30 minutes at
37°C. Identical numbers ofT cells were incubated in
RPMI 1640 under the same conditions. Following
incubation the cells were washed three times and
readjusted to a concentration of 2 x 106 cells/ml.
The percentage of Ty cells was then measured by
rosetting.

Immune complexes and Ty cells Peripheral T cells
from normal individuals were isolated, washed three
times in RPMI 1640, and resuspended to a concent-
ration of 2 x 106/ml. Immune complexes obtained
by PEG precipitation from sarcoid serum were
reconstituted in RPMI 1640 to 50% of the original

concentration, to facilitate solubility. One millilitre
of cells was incubated for one hour at 37°C with
either 1 ml of immune-complex suspension or 1 ml
of RPMI 1640. The cells were washed three times
and the percentage Ty cells was measured by
rosetting with ORBC antibodies.

Blastogenic response of lymphocytes incubated with
immune complexes Lymphocytes were preincu-
bated with immune complexes or RPMI 1640 for 1
hour at 37°C. The cells were washed and adjusted to
a concentration of 5 x 106 cells/ml. Cultures were
set up in microtitre plates and incubated at 37°C in
5% carbon dioxide. Concanavalin A (Calbiochem,
California) at a concentration of 10,g/ml was
added to each well. After 54 hours 1 ,uCi of tritiated
thymidine (specific activity 2 Ci/mmol, Radiochemi-
cal Centre, Amersham) was added to each well. The
cells were harvested 18 hours later and the radioac-
tivity was measured in a liquid scintillation counter.

Results

Immune complexes Immune complexes were pre-
ent in 12 out of 23 patients (52%) by the Raji cell
assay and 11 out of 19 patients (58%) by
polyethylene glycol precipitation. Six patients were
tested by both techniques with comparable results.
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Fig 1 Concentration ofTy cells in patients with sarcoidosis
and controls.
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Ty cells The percentage of IgG-receptor-bearing
cells was significantly lower in the patients (23
patients) (mean 12-2 ± 5.1) than in the normal con-
trols (20.0 ± 3.9) (Student's t test) (p < 0-001)
(fig 1).

Correlation of Ty cells and immune complex levels
In 23 patients there was a highly significant
inverse correlation between raised levels of immune
complexes as measured by Raji cell assay and low
levels of circulating Ty cells (r = -0-7) (fig 2).

Clinical assessment, immune complexes, and Ty
cells There was no correlation between the clinical
criteria of duration of disease and radiographic stag-
ing and the immune complex and T^y lymphocyte
levels.

Effect of trypsin on sarcoid lymphocytes The per-
centage of Ty cells isolated from the peripheral
blood of patients with sarcoidosis increased after
incubation with trypsin (fig 3). Trypsin, however,
had little or no effect on the percentage of T cells
isolated from the peripheral blood of normal indi-
viduals.

.17
,.^.

Effect of immune complexes on normal Ty lym-
phocytes There was a highly significant reduction
in the number of Ty cells measured in a population
of normal lymphocytes after incubation with precipi-
tated immune complexes obtained from the serum
of patients with sarcoidosis (paired t test: p < 0.001)
(fig 4).

Lymphocyte blastogenic response The peak blas-
togenic response of the lymphocytes of six normal
controls to concanavalin A was significantly reduced
by preincubation with immune complexes from the
serum of patients with sarcoidosis (paired t test: p <
0.001) (fig 5).
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Fig 3 Effect oftrypsin 2 mglml on the percentage of
circulating T-y cells in patients with sarcoidosis.
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Fig 2 Relation of Ty cells and immune complexes in
patients with sarcoidosis.
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Fig 5 Effect on preincubation with immune complexes on

the blastogenic response ofnormal lymphocytes to
concanavalin A.

Discussion
The results of this study show a correlation between
raised levels of circulating immune complexes and a

decreased number of circulating Ty lymphocytes.
About half of our patients had detectable circulating
immune complexes, a proportion similar to that
found in other reported series.9-2 '5 We have not
confirmed an association with the acute form of the
disease9 or with the radiological stage of the disease.
The relation of immune complexes to Ty cells in this
study supports Moretta's hypothesis8 that an interac-
tion with immune complexes is necessary to induce
Ty cell activity. We do not, however, support his
view that the surface receptor is lost after activation
with immune complexes as trypsinisation of sarcoid
Ty lymphocytes restored the levels to normal values.
Similar findings have been reported in Sjbgren's
syndrome.'6 Further, it has recently been shown that
the receptors for naturally occurring immune com-
plexes may be different from those of the Ig-ORBC
receptor and loss of the latter receptor may not
reflect the stability of the Fc receptor after stimula-
tion with naturally occurring immune complexes."7
The highly significant reduction in Ty cells in sarcoid
patients suggests that in over half of all patients
there are circulating activated suppressor cells and
that this phenomenon is directly associated with the
presence of immune complexes. Similar studies in

primary biliary cirrhosis have also shown a relation
between depression of Ty cells and raised levels of
immune complexes.18 Recently the homogenous
nature of the Ty population has been critically
examined by the technique of specific monoclonal
antibodies specific for T cell subsets.'9 Cells isolated
by E rosetting are thought to contain not only T cells
but contaminating "null" cells and monocytes.
Those cells previously regarded as T suppressor cells
(Ty) are probably a mixture of true T suppressor
cells, null cells, and monocytes. We have excluded
the last by non-specific esterase staining but the pre-
sence of null cells may influence the results of this
study. The cells isolated may be described alterna-
tively as Fcy-positive E-rosette cells.

Probably activation of suppressor cells in response
to immune complex stimulation plays a critical part
in the pathogenesis of these disturbances. What
determines the persistence of immune complexes in
patients with sarcoidosis is unknown but the nature
and quality of the antigen and the "affinity" of the
antibody may have important roles. Persistence of
antigen may stimulate ongoing immune complex
formation, resulting in both granuloma formation
and activation of the suppressor cell system to
reduce the heightened antibody response. Low-
affinity antibody may protect the antigen from ade-
quate removal and so perpetuate immunological
stimulation. The antibody fraction in our patients
did not have cytotoxic ability by microassay and did
not contain rheumatoid factor, unlike the serological
factors described by Daniele et al.4
We have also shown functional activity in the iso-

lated immune complexes present in sarcoidosis
serum, with the significant inhibition of the lympho-
cyte response to concanavalin A. The exact mechan-
ism of this effect is not clear; but preliminary studies
in our laboratory do not suggest prostaglandin-
mediated macrophage activation, as the addition of
a prostaglandin synthetase inhibitor (flurbiprofen)
failed to prevent suppression.20
Comparison of this study with others describing

suppressor cell activity in sarcoidosis is difficult.2024
High suppressor cell numbers have been shown with
an additional incubation period at 37°C, but no pre-
vious study has compared circulating immune com-
plexes with the numbers of Ty cells. This study lends
further support to the hypothesis that the immune
response in sarcoidosis is influenced both by
immune complexes and by the resulting interaction
of suppressor and helper lymphocytes.

This work was made possible by a generous grant
from Boehringer Ingleheim Limited. We would like
to thank Mrs G Elliott and Mrs J Holmes for typing
the manuscript.
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