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of patients with pulmonary sarcoidosis. We evaluated the effects of prednisone 
therapy upon lg concentrations in bronchoalveolar lavage (BAL) fluid of ten 
patients with active disease ( > 30% T -lymphocytes in BAL and positive 
67Gallium (67Ga) lung scan). Therapy significantly lowered T-lymphocyte 
percentages in BAL and 67Ga lung scan indices and was followed by a slight 
improvement of the studied functional parameters. Biochemical analysis of 
BAL showed a significant decrease of both IgG/albumin (baseline 1.24± 0.21; 
after therapy 0.40 ± 0.12) and IgA/albumin (baseline 0.55 ± 0.07; after therapy 
0.14±0.03) ratios in all patients. Conversely, comparisons of !gM/albumin 
ratios did not show any change over the study period (baseline 0.05 ±0.01; after 
therapy 0.06 ± 0.03). Thus oral steroid treatment suppreS-'iC.'l the alveolitis of 
pulmonary sarcoidosis, as shown not only by the reduction of lung T -cells and 
67Ga lung uptake, but also by the decreased Ig levels in the alveolar spaces. 
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It has been suggested that in pulmonary sarcoido
sis the activation of lung T-cells and the elevation of 
local helper/suppressor T-cell ratio (1- 3] are at least 
partly responsible for the stimulation of immuno
globulin (Ig) production by lung B-cells [4-7]. 

Recent reports have also demonstrated a marked 
increase of fg concentrations in bronchoalveolar 
lavage (BAL) fluid of patients with active disease as 
compared to patients with inactive disease and to 
normal controls [8-1 0]. Therefore, assessment of local 
Ig levels may be considered as an additional para
meter suitable for evaluation of the activity of the 
inflammatory process in the lower respiratory tract. 

The classical treatment for pulmonary sarcoidosis 
is based upon oral corticosteroids (IIJ. Although 
considerable debate remains about the effects of 
steroid treatment upon the ultimate prognosis [ 12), 
recent investigations have shown that steroid treat
ment is able to suppress the a lveolitis of pulmonary 
sarcoidosis (3, 13]. 

This study was designed to evaluate whether oral 
prednisone therapy reduces Ig levels in the lower 
respiratory tract. Therefore, biochemical analysis of 
BAL, together with evaluation of cellular, functional 
and scintigraphic parameters was performed in ten 
patients with active pulmonary sarcoidosis (T-lym
phocytes in BAL > 30% and positive 67Gallium 
( 67Ga) lung scans) before and after six months of oral 
prednisone therapy. 

Patients and methods 

A diagnosis of pulmonary sarcoidosis was established 
in ten non-smoking patients (four males, six females; 
aged 40.6 ± 3.9 yr) according to previously described 
criteria (2]. Seven patients (three males, four females) 
had never been treated, whilst three (one male, two 
females), who had previously been treated, had not 
received steroids in the previous twelve months. Patients 
were considered to be affected by persistent active 
disease (14], as demonstrated by: 1) T-lymphocytes in 
BAL > 30% and 2) positive 67Ga lung scan in two 
consecutive assessments of a lveolitis activity separated 
by therapy-free periods lasting 4-6 months. After 
demonstrating that spontaneous remission of the 
alveolitis had not occurred in any of the selected 
patients, the decision to start steroid therapy was taken. 

Patients' evaluations were performed by chest X
rays, pulmonary function tests, 67Ga lung scans and 
BAL immediately before treatment (data hereafter 
referred to as 'baseline') (table 1) and after six months 
of oral prednisone therapy (0.75 mg·kg - 1 body 
weight for six weeks, then dosage was reduced by 2.5 
mg each week to a daily maintenance dose of 0.25 
mg ·kg- 1 

). Patients were still receiving therapy at the 
time of final evaluation. 

Chest roentgenograrns were typed according to con
ventional three stage classification (15]. 
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Table 1.- Baseline roentgenological, functional, scintigraphic and bronchoalveolar lavage data from patients with active 
pulmonary sarcoidosis 

Patient Age Sex Rx stage VC TLC FEV
1 DLCO BAL T-lyrnphocytes 67Ga 

o/o pre<l val ucs % of total cells Units 

1) FS 54 M II 103 106 110 80 32 100 
2) RF 49 F III 87 93 100 61 34 70 
3) SF 33 F I 90 81 87 72 40 150 
4) NL 60 F m 59 56 54 69 31 60 
5) GN 26 M I 102 100 108 88 32 110 
6) LP 27 F I 98 100 100 71 38 160 
7) CL 49 M II 78 83 75 68 47 180 
8) TR 35 F II 41 46 40 46 52 120 
9) RS 32 F II 90 77 90 78 45 190 
10)IF 25 M II 100 98 lOO 97 55 200 

Mean 40.6 84.8 84 86.4 73 40.6 134 
SEM 3.9 6.4 6.3 7.4 4.5 2.8 15.6 

VC: vital capacity; TLC: total lung capacity; FEV 1: forced expiratory volume in one second; DLCO: transfer factor for carbon monoxide; 
BAL: bronchoalveolar lavage. 

Functional evaluation was carried out by measuring 
the following four indices: I) vital capacity (VC) and 
2) forced expiratory volume in the first second (FEY 1) 

were calculated by electronic integration of measured 
flow; 3) total lung capacity (TLC) by constant volume 
body plethysmography (Bodytest System, Jaeger, 
Wuerzburg, W.G.); 4) transfer factor for carbon 
monoxide (DLco) by the single breath-holding 
method (Morgan Transfer Test, Chatham, U .K .). All 
results are expressed as percentages of the mean 
predicted values reported by AMREIN et al. [16] for 
VC, FEY 1 and TLC and by COTES [17] for DLCO 
respectively. 

67Ga lung scans were performed by a rectilinear 
scanner 48 h after intravenous administration of 67Ga 
citrate (50 11Ci ·kg- 1 body weight). 67Ga indices were 
calculated according to the semiquantitative scoring 
method proposed by LINE et al. [18], the score of 
50 Units being considered as the normal threshold 
value. 

BAL was performed by infusing five aliquots of 20 ml 
of sterile 0.9% NaCI solution through a bronchofibre
scope, as described previously [8]. After recovery the 
aliquots were collected, filtered and centrifuged (500 
g, I 0 m in). Cytological analysis of BAL was per
formed by assessing: I) cell viability by using a 
trypan-blue dye exclusion method; 2) total counts by 
using a haemocytometer and 3) differential counts by 
identifying at least 400 elements on Diff-Quick (Merz
Dade AG, Dudingen, Switzerland) stained cytocentri
fuge preparations. Cells were then resuspended in 
Hanks' balanced salt solution and percentages ofT
lymphocytes, with respect to total cells recovered, 
were determined by a rosette-forming method [2, 8], 
using neuraminidase-treated sheep erythrocytes. Bio
chemical analysis of BAL was carried out by 

nephelometric measurements (Immunochemistry An
alyzer II, Beckman Instruments, Brea, CA, USA) of 
IgG, lgA, lgM and albumin concentrations on 
supernatants, as described previously [8).The super
natants were concentrated ten times by using an 
Amicon 8MC ultrafiltration system and stored at 
- 20°C. Loss of the investigated proteins, due to 
concentration procedures, was excluded by random 
comparisons of determinations performed on both 
concentrated and unconcentrated lavage fluids and 
by demonstrating lack of proteins in the filtrate 
fluids. 

Analysis of data. All data are presented as mean±
standard error of the means (SEM); comparisons 
were made by using the Student's t-test for paired 
data. 

Results 

Chest roentgenograms performed at the beginning 
of the study allowed staging of the patients as follows: 
three patients (one male, two females) were con
sidered to be affected by pulmonary sarcoidosis stage 
I, five patients (three males, two females) stage II and 
two patients (both females) stage HI. After predni
sone therapy a slight reduction in mediastinal node 
dimensions was observed in one of the three stage I 
patients and in three of the five stage II patients. No 
major changes in chest X-rays were seen in stage Ill 
patients. 

Pulmonary function tests at the beginning of the 
study showed a moderate mean reduction in static and 
dynamic lung volumes (VC=84.8±6.4% of predicted; 
TLC=84±6.3% ofpredicted; FEV1 =86.4±7.4% of 
predicted), as well as a more marked impairment in 
diffusing capacity (DLCO = 73 ± 4.5% of predicted). The 
same tests performed at the end of the study showed 
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Fig. I. Effects of oral prednisone therapy upon 67Ga lung uptake 
of patients with active pulmonary sarcoidosis. The data are 
expressed as 67Ga index Units (see reference [18] for details). 

a significant mean increase of all the considered 
indices with respect to baseline mean values (VC= 
+ 10.2±4.4%, p<0.05; TLC= +9±3.5%, p<0.05; 
FEV1 = + 11.1 ±4.5%, p<0.05; DLCO = + 13±3.8%, 
p<O.OI). 

Evaluation of 67Ga lung scans showed a significant 
reduction of lung uptake after prednisone therapy 
with respect to baseline values (baseline 134± 15.6 
Units, after therapy 91 ± 11.5 Units; p <0.01) (fig. I); 
however, analysis of individual patients demonstrated 
no score modifications in two subjects and a slight 
elevation in one patient, whilst in two subjects scores 
dropped below the threshold value. 

BAL was performed without difficulty in aU 
patients. No bronchoscopic abnormalities were de
tected in the tracheobronchial tree and no differences 
were shown in terms of percentage of recovered fluid 
(baseline 57.3 ±4.5%, after therapy 55.2± 5.8%; 
p > 0.2). Comparative evaluation of cytological 
parameters showed that total cell counts (baseline 
40.5±4.7x 106 cells, after therapy 20.5±3.2x 106 

cells; p < 0.02) and percentage of T-lymphocytes 
(baseline 40.6±2.8%; after therapy 20.6±4.5; 
p < 0.0 I) (fig. 2) were reduced after prednisone 
therapy. Biochemical analysis of BAL demonstrated a 
significant reduction of both lgG and lgA concentra
tions with respect to baseline values (lgG: baseline 
6.99± 1.27 mg%, after therapy 1.78±0.37 mg%; 
p<0.005) (IgA: baseline 2.9±0.3 1 mg%, after ther
apy 0.64±0.13 mg%; p<0.001); in contrast, IgM was 
detected at very low levels in all cases with no 
differences between the study groups (IgM: baseline 
0.27±0.11 mg%, after therapy 0.21±0.09 mg%; 
p>0.2). In addition, although mean albumin concen
trations were shown to be somewhat lower after 
steroid treatment, the difference was not significant 
(albumin: baseline 6.04±0.94 mg%, after therapy 

4.75±0.59 mg%; p> 0.2). In agreement with the 
previous data, comparisons of lgGja1bumin and 
IgAjaJbumin ratios demonstrated a marked reduction 
of both ratios after prednisone therapy (IgGja1bumin: 
baseline 1.24±0.21, after therapy 0.40±0.12; 
p<O.OOI) (TgAjalbumin: baseline 0.55±0.07, after 
therapy 0.14±0.03; p<O.OOJ) (figs 3 and 4), whilst 
comparisons of IgMjalbumin ratios did not show any 
change over the study period (IgMjalbumin: baseline 
0.05 ± 0.0 I, after therapy 0.06 ± 0.03; p > 0.2). 
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Fig. 2. Effects of oral prednisone therapy upon T-lymphocyte 
component of the alveolitis in patients with active pulmonary 
sarcoidosis. The data arc expressed as percentages of BAL 
recovered cells (see Methods for details). 
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Fig. 3. Effects of oral prednisone therapy upon local IgG 
production, as assessed by comparisons of IgG/albumin ratios in 
BAL before and after six months treatment in patients with active 
pulmonary sarcoidosis. 
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Fig. 4. Efl"ects of oral prednisone therapy upon local IgA 
production, as assessed by comparisons of lgA/albumin ratios in 
BAL before and after six months treatment in patients with active 
pulmonary sarcoidosis. 

Discussion 

We have demonstrated that IgG and IgA concen
trations in BAL fluid of patients with active pulmon
ary sarcoidosis are reduced after steroid therapy. In 
agreement with other reports (3, 13], this provides 
evidence that steroids can reduce T-cell percentages in 
BAL and 67Ga lung uptake. 

There are two potential sources for the lg's that are 
detectable in the epithelial lining fluid: I) trans
udation from plasma and 2) local production by 
B-lymphocytes (plasma cells) [9]. Since alveolar-capil
lary membrane permeability has previously been 
shown to be increased in pulmonary sarcoidosis [8, 
19], the data relevant to Ig's were expressed both in 
terms of absolute concentration (mg%) and as ratios 
with respect to albumin, the latter protein being 
considered as a marker of capillary leakage (20]. 
Comparisons oflgG and lgA absolute concentrations 
in BAL showed a significant reduction of these classes 
of Ig after prednisone therapy, whilst analysis of lgM 
data showed no change over the study period. In 
addition, although a certain reduction of albumin 
concentration was found, showing that alveolar
capillary membrane permeability may be reduced 
along with the intensity of the alveolitis [8, 10], the 
latter difference was not significant. These data 
suggest that steroids reduce IgG and lgA concentra
tions in BAL by suppressing production of these 
classes of lg's at sites of disease activity. The latter 
seems to be confirmed by comparisons of IgG/al
bumin and IgAfalbumin ratios. 

The inhibition of 1gG and IgA synthesis in the 
lower respiratory tract could be considered as a 
consequence of the suppression provided by cortico
steroids upon both macrophage and T-lymphocyte 
components of the alvcolitis, ultimately leading to 

inhibition of B-cell acttvtty. As regards alveolar 
macrophages, steroids have been shown to be 
effective in suppressing monocyte recruitment to the 
alveoli [2 1] and to inhibit Ig expression, interleukin 1 
production and antigen presentation to T-lympho
cytes [22]. Considering T-lymphocytes, a major 
mechanism by which steroids can reduce T-cell 
proliferation and state of activation is by suppressing 
production and release of interleukin 2 and gamma 
interferon, the role of which in the pathogenesis of the 
disease has been clearly shown [23, 24]. The latter 
hypothesis was suggested by in vitro investigations 
showing the suppressive effects provided by steroids 
on transcription of both lymphokines' genes (25] and 
was confirmed by recent studies performed on the 
lung T-cells isolated from sarcoid patients [26). 

Modulation of macrophages and T-lymphocyte 
activities after steroid therapy may be responsible for 
reduction of IgG and IgA levels in BAL, as 
demonstrated in the present study. However, it must 
still be determined whether steroid therapy can 
directly reduce activation of B-cells and the propor
tion of Ig-secreting cells in the lungs of sarcoid 
patients. 

The role played by increased local Ig production 
and immune complex formation in the pathogenesis 
of pulmonary sarcoidosis is still unclear. However, 
since immune complex deposition can result in the 
formation of granulomata in some tissue [27] and lg's 
and immune complexes are present in sarcoid granu
lomata within the lungs [28], it is possible that lg 
synthesized at sites of disease activity may be 
important in modulating at least some of the sarcoid 
lesions. 

Therefore, reduction of local Ig levels after steroid 
therapy, as suggested by the results of the present 
study, may not simply mirror suppression of cell
mediated immune processes in the lower respiratorJ 
tract, but possibly reflects the inhibition of a process 
that might be relevant to the derangement of lung 
parenchyma in this disorder. 
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RESUME: Les niveaux d'immunoglobulines augmentent dans 
l'arbre respiratoire inferieur des patients attcints de sarcoidose 
pulmonaire. No us avons evalue les effets d'une corticotherapie a la 
prednisone sur les concentrations d'immunoglobulines dans le 
lavage broncho-alveolaire de 10 patients atteints de maladie active 
(T lymphocytes superieurs a 30% dans le SAL et scan positif au 
Gallium 67). Les pourcentages de T lymphocytes dans le BAL sont 
significativement abaisses et les index du scan pulmonaire au 
Gallium egalement. De plus, on a note une legcrc amelioration des 
parametres fonctionnels etudies. L'analyse biochimique du lavage 
broncho-alveolai re a montrc une diminution significative, a la fois 
du rapport lgG/alburnine (1.24±0.21 au debut; 0.40 ± 0.12 apres 
traitement). On a trouve egalement un abaissement du rapport 
!gA/a lbumine (0.55 ±0.07 au debut; 0. 14±0.03 apres traitement) 
chez taus les patients. De plus, les comparaisons des rapports 
IgMfalbumine n'ont pas montre de modification pendant toute 
!'etude (valeur de base 0.05 ± 0.01; valeur apn!s traitement 
0.06 ± 0.03; p > 0.2). Une corticotherapie orale diminue l'alveolite 
de la sarcoidose pulmonaire, ainsi que le demontrent, aussi bien la 
reduction du pourcentagc de cellules T pulmonaires et la captation 
pulmonairc de Gallium, que par ailleurs la diminution des taux 
d'immunoglobulines dans les cspaces alveolaires. 


