
Eur Respir J, 1993, 6, 715-718 
Printed in UK - all rights reserved 

Copyright ©ERS Joumals Ltd 1993 
European Respiratory Joumat 

ISSN 0903-1936 

BAL lymphocyte activation antigens and diffusing capacity are 
related in mild to moderate pulmonary sarcoidosis 

A. Xaubet, C. Agustl, J. Roca, C. Picado, R. Rodriguez-Roisin 

BAL lymphocyte activation antigens and diffusing capacity are related in mild ro mod
erate pulmonary sarcoidosis. A. Xaubet, C. Agustf, J. Roca, C. Picado, R. Rodriguez
Roisin. @ERS Journals Ltd 1993. 

Servei de Pneumo!ogia, Hospital Cli
nic, Facultat de Medicina, Universitat de 
Barcelona, Barcelona, Spain. 

ABSTRACT: The relationship between immunocytological features of broncho
alveolar lavage (BAL) and clinical indices in sarcoidosis, we studied the lympbocyte 
subsets, as well as the expression of human leucocyte antigen-DR (BLA-DR) and 
interleukin 2 receptor (IL-2R) antigens in BAL lymphocytes. 
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We studied 16 patients with untreated sarcoidosis and 12 control subjects. 08036 Barcelona 
We found signi,ficantly higher absolute num~rs of lymphocytes bearing the IL-

2R antigen in sarcoidosis. A stronger difference between groups was observed in 
both the percentage and absolute numbers of HLA-DR+ lymphocytes. We also 
found a moderate but significant correlation between the number of lymphocytes 
expressing the activation antigens and single breath carbon monoxide diffusing ca
pacity in patients with sarroidosis: DLCO vs HLA-DR+ lymphocytes (r--0.60); DLCo 
vs IL-2R+ lymphocytes (.--0.62); carbon monoxide transfer coefficient (Kco vs HLA
DR+lymphocytes (r--0.53); and Kco vs IL-2R+ lymphocytes (r• -0.58). 

Spain 

Keywords: Bronchoalveolar lavage 
diffusing capacity 
Iymphocyte activation antigens 
monoclonal antibodies 
sarcoidosis 

Our results suggest that the reduction in diffusing capacity, expressed as either 
DLCo or Kco, results from the severity of alveolitis in mild to moderate sar
coidosis. 
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Sarcoidosis is a chronic granulomatous disease, char
acterized by the accumulation of activated helper/inducer 
T-lymphocytes at disease sites such as the lung [1]. Sev
eral investigators have attempted, with conflicting results, 
to identify bronchoalveolar lavage (BAL) indices that 
could give information on the inflammatory activity of the 
disease in patients with pulmonary sarcoidosis [2-5]. 
The phenotype of lymphocytes found in the BAL of 
patients with sarcoidosis is predominantly CD4+ (helper
inducer T-lymphocytes) [6]. In addition, the T-lym
phocytes of patients with sarcoidosis are activated, as 
demonstrated by the expression of the activation antigens 
human leucocyte antigen-DR (HLA-DR) and the p55 
chain of the interleukin 2 (IL-2) receptor Tac or CD25 
[7-9]. However, the correlation of BAL lymphocyte ac
tivation antigens with the radiological stage and lung 
function tests has hardly been investigated in patients with 
pulmonary sarcoidosis [10). In the present study, we have 
attempted to assess the value of lymphocyte activation 
antigens in BAL fluid, and its correlation with lung func
tion tests, in order to further optimize the evaluation of 
these patients. 

Methods 

Sixteen patients with untreated sarcoidosis (10 women 
and 6 men, mean±so age 35±10 yrs) were studied. 

Supported by Grant CICYT-DEP 90/0136. 

Diagnosis was established by transbronchial lung biopsy, 
skin biopsy, and/or hepatic biopsy. Two patients were 
mild smokers (6 and 12 packs·yr1

, respectively), and two 
were exsmokers (having given up more than 5 yrs be
fore). The clinical presentation was characterized by skin 
involvement in 13 cases, and by the presence of respira
tory symptoms in the remaining three. Two patients were 
in stage 0, eight in stage I, two in stage II, and four in 
stage ill. Twelve patients were studied during the month 
following the clinical appearance of the disease. In the 
remaining four patients, the time elapsed between the 
BAL study and the detection of the ftrst abnormal clini
cal or radiographic signs varied from 2-48 months. 

The control group was composed of 12 subjects with 
no evidence of diffuse respiratory disease. Fibreoptic 
bronchoscopy was performed in the event of a single epi
sode of haemoptysis, isolated pulmonary lesion, or 
extrathoracic metastatic lesions with no other clinical or 
radiographic evidence of lung disease. This group was 
divided into two subgroups: nonsmokers and smokers. 
The nonsmoking group was composed of six subjects 
with normal chest X-ray and normal pulmonary function 
tests. The smoking group consisted of six subjects with 
normal chest X-ray and a mild obstructive ventilatory pat
tern forced vital capacity (FVC) 92±9% predicted; forced 
expiratory volume in one second (FEV1) 79±13%; 
FEV/FVC 65±7%. This subgroup had been smok
ing 21±9 packs·yr1• All patients were informed of the 
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characteristics and nature of the procedures to be per
formed, and all gave full informed consent. 

An Epidemiological Standardization Project question
naire was administered to all patients [11]. Forced 
spirometry, slow vital capacity (HP 47804 A Pulmonary 
System Desk; Hewlett Packard, Palo Alto, CA, USA), 
thoracic gas volume and airway resistance (Body Test; 
E. Jaeger, Wiirzburg, Germany), as well as the single 
breath carbon monoxide diffusing capacity (Dr..co) (Res
parameter Model A; PK Morgan Ltd, Chatham, Kent, 
UK) and arterial blood gases at rest (IL 1302 Instrument 
Laboratories, Milan, Italy) were measured. The reference 
values used in this study were obtained from our own 
laboratory [11-13]. 

Bronchoalveolar lavage was performed as described 
previously [14]. The total cell count was obtained using 
a Neubauer's camera, and differential cell counts were de
termined in cytocentrifuge smears stained with May
Griinwald-Giemsa (Cytospin 2, Shandon). The staining 
by monoclonal antibodies was performed with the irn
munoalkaline phosphatase method [15]. The following 
monoclonal antibodies were used: Leu 4, Leu 3a, Leu 
2a and Leu 12 (Becton Dickinson), which recognize T
lymphocytes, T -helper/inducer cells, T -supressor/cytotoxic 
cells and B-lymphocytes, respectively; anti-Tac mono
clonal antibody, which recognizes interleukin-2 receptor 
(ll..-2R) bearing cells (Becton Dickinson), and the anti
HLA-DR monoclonal antibody, which identifies a 
monomorphic determinant of class II major histocom
patibility complex antigens (HLA-DR) (Dakopatts). Two 
hundred lymphocytes of each reaction were counted and 
the percentage of positive cells obtained. 

All data are expressed as mean±so. Comparison am
ong groups was made with Kruskal-Wallis test To 
determine the correlation between clinical, radiographic 
and functional data, and bronchoalveolar lavage findings, 
Pearson's correlation coefficients (r) were calculated. A 
p value of~ 0.05 was considered significant. 

Results 

While 12 patients showed no respiratory symptoms, 
four suffered from cough and/or dyspnoea. Only one 
patient had crackles on pulmonary auscultation. Ten 
patients had a normal lung function examination, 
three had a restrictive ventilatory impairment, and one 
an obstructive ventilatory limitation. In four cases, 

DLCO was below 80% predicted; in two of these there 
was also a restrictive ventilatory impairment. In three 
cases, Kco was below 80% predicted. Alveolar-arterial 
oxygen tension difference (A-aPo~ was increased (above 
20 mrnHg, 2.7 kPa) in two patients only. Table 1 shows 
mean values for lung function tests. 

Bronchoalveolar lavage fluid analysis showed a signifi
cant increase in the percentage of lymphocytes, as well 
as in the percentage and absolute numbers of Leu 4+ and 
Leu 3a+ lymphocytes in patients with sarcoidosis. These 
patients also had an increased Leu 3a+ !l..eu 2a+ ratio 
and a decreased percentage of Leu 2a+ lymphocytes. 
The percentage of Leu 12+ lymphocytes was usually less 
than 1%, and only exceeded 4% of lymphocytes in two 
of the subjects studied. When the absolute numbers of 
cells was considered, patients with sarcoidosis showed a 
higher number of IL-2R+ lymphocytes compared to con
trols. There were significant differences between controls 
and sarcoid patients in terms of percentage and absolute 
numbers of HLA-DR+ lymphocytes (tables 2 and 3). 

There was no correlation between radiographic staging 
and spirometric or lung volume parameters with either 
BAL differential counts or lymphoeyte subsets. In con
trast, the number of lymphocytes expressing both the 
HLA-DR and IL-2R antigens correlated significantly with 
Dr..co (fig. 1) and Kco. (Kco vs HLA-DR+lymphocytes 
r=-0.53, p=0.03; Kco vs IL-2R+ lymphocytes r=-0.58, 
p=0.01). 

Table 1. - Lung function test in patients with sarcoido
sis 

FVCl 
FEV/FVC % 
1LC l 
DLCO ml·min·'·mmHg·• 
Kco ml·min·1·mmHg·'·l"1 

Pao
2 

nunHg 
k:Pa 

A-aPo2 mmHg 
k:Pa 

Absolute values % predicted 

3.6±1.43 
77±9 
5.9±1.39 

26.5±6.2 
5.99±1.3 

93±3 
12.4±0.4 

14±5 
1.9±0.7 

86±15 

100±15 
96±22 

105±20 

FVC: forced vital capacity; FEV1: forced expiratory volume in 
one second; 1LC: total loog capacity; DLCO: diffusing capac
ity of the lung for carbon monoxide; Kco: carbon monoxide 
transfer coefficient; Pao2: arterial oxygen tension; A-aPo2: 

alveolar arterial oxygen tension difference. 

Table 2. - Bronchoalveolar lavage characteristics of the study population 

Group Volume recovered Total cells 

Smoker controls n=6 
Nonsmoker controls n=6 
Sarcoidosis n=l6 

ml xJ()4.mJ·• 

72±9 
67±8 
73±8 

87±46 
65±27 

113±82 

•: p<0.05, compared to smoker and nonsmoker controls. 

Macrophages 
% 

95±4 
92±4 
76±11 

Lymphocytes Neutrophils Eosinophils 
% % % 

4±3 1±2 0 
6±3 0.6±1 0 

22±11* 0.3±0.8 0 
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Table 3. - Percentage and absolute numbers of 
lymphocyte subsets and lymphocyte activation antigens 
in bronchoalveolar lavage fluid 

Smoker Nonsmoker Sarcoidosis 
controls controls 
n=6 n=6 n=16 

Leu 4+ 
% 65±4 63±4 77±8+ 
cellsx1Q3·rnl 22±25 25±17 183±139* 

Leu 3a+ 
% 40±11 49±3 62±131 

cellsxl ()3.mJ·1 15±19 19±13 151±111* 

Leu 2a+ 
% 32±9 29±2 14±71 

cellsxJ()3.mJ·1 10±9 11±8 32±20 

Leu 3a+/Leu 2a+ 1.3±0.5 1.6±0.1 5±2* 

IL-2R+ 
% 2.5±2.2 4.8±1.3 2.6±1.8 
cellsx103-ml·1 1.1±1.2 4.3±4.9 6.9±6* 

HLA-DR+ 
% 5.3±3 4.6:W.7 16.1±5.9+ 
cellsxlQ3·mJ·1 1.7±1.8 3.7±4.6 38±29+ 

*: p<0.05; •: <0.01; •: p<O.OOl; compared to smokers and non-
smokers. 1L-2R: interleukin-2 receptor antigen; HLA-DR: hu-
man leucocyte antigen-OR. 
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Fig. I. - Correlations between DLCo, expressed as % predicted, and 
absolute numbe.-s of lymphocytes expressing either the R..-2R antigen 
(top) and the HLA-DR antigen (bottom) in 16 patients with sarcoido
sis. DLCO: diffusing capacity of the lungs for carbon monoxide; 
JL.2R: interleuk.in-2 receptor; HLA-DR: human leucocyte antigen-OR. 

Discussion 

This study shows that increased numbers of activated 
T-lymphocytes are present in the BAL of patients with 
mild to moderate sarcoidosis. Several studies have dem
onstrated that T-helper-inducer lll..A-DR+ cells and ll.-
2R+ lymphocytes are increased in BAL from patients 
with pulmonary sarcoidosis [8-10, 16]. Conversely, one 
recent study showed that only a third of 29 patients with 
sarcoidosis had an increased number of ll..,-2R+ lym
phocytes in BAL [17]. Moreover, two similar studies 
have shown that the numbers of these cells are not in
creased in patients with sarcoidosis [7, 18] 

One of the major problems in pulmonary sarcoidosis 
lies in staging the disease activity within the alveolar 
structures. Some investigators have claimed that the num
bers of T-lymphocytes [5], or the T-helper-inducerff 
supressor cytotoxic cell ratio [4], in BAL are useful pa
rameters to predict the disease outcome. In contrast. other 
studies [19, 20] have reported that these BAL parameters 
are not useful in predicting the disease activity. The re
sults of these former studies indicate that new parameters 
for monitoring the severity of alveolitis may warrant fur
ther investigation. Conceivably, as sarcoidosis is char
acterized by an accumulation of activated T-helper-inducer 
cells, it may be reasonable to suspect that the determina
ti<?n of BAL antigens indicating T -cell activation might 
reflect the disease activity. 

We have found that there is a moderate but significant 
correlation between the number of lymphocytes express
ing the activation antigens D..r2R and IU...A-DR and the 
measurement of diffusing capacity, expressed as both 
DLCo and Kco. A reduction in diffusing capacity is one 
of the most consistent pulmonary functional abnormali
ties in sarcoidosis [21 ], and CARRINGTON et al. [22] ob
served a good correlation between the latter variable and 
the degree of interstitial cellular infiltration LINE. et al. 
[2) demonstrated a weak but significant relationship be
tween this gas exchange index and the proportion of lym
phocytes and T-lymphocytes recovered from BAL fluid. 
In another series of 35 patients with untreated sarcoido
sis, V ALEYRE et al. [23] reported a strong correlation 
between this variable and the percentage of lymphocytes 
in BAL. Our results are consistent with these two former 
studies, suggesting that diffusing capacity is related to the 
inflammation located in alveolar structures in pulmonary 
sarcoidosis. Other investigators, however, have shown no 
relationship between pulmonary function tests and the lav
age cellular findings (10, 24]. It is likely that discrep
ancies among the different studies could be related to the 
selection of patients studied or the stage of the disease 

Our results should be tempered because of the small 
number of patients, and also the stage of disease. It 
would be of interest to investigate whether the present 
correlation between lung function indices and lymphocyte 
activation antigens is also present in patients with more 
severe pulmonary involvement. 

In conclusion a significant correlation between the 
number of lymphocytes expressing the activation antigens 
ll..,-2R and lll..A-DR and diffusing capacity has been 
shown in patients with mild to moderate sarcoidosis 
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suggesting that the reduction of this functional parameter 
may be of value in assessing the activity of alveolitis 

References 

1. Thomas PD, Hunninghake GW. - Current concepts of 
the pathogenesis of sarcoidosis. Am Rev Respir Dis 1987; 135: 
747-760. 
2. Line BR, Hunninghake GW, Keogh BA, et al. -
Galliwn-67 scanning to stage alveolitis of sarcoidosis: correla
tion with clinical studies, pulmonary function studies and 
bronchoalveolar lavage. Am Rev Respir Dis 1981; 123: 440-
446. 
3. Ceuppens JL, Lacquet LM, Marien G, et al. - Alveolar 
T -cells subsets in pulmonary sarcoidosis: correlation with dis
ease activity and effect of steroid treatment. Am Rev Respir 
Dis 1984; 129: 563- 568. 
4. Costabel U, Bross KJ, Guzman J, et al. - Predictive 
value of bronchoalveolar T-cells subsets for the course 
of pulmonary sarcoidosis. Ann NY Acad Sci 1986; 465: 418-
426. 
5. Keogh BA, Hunninghake GW, Line BR, Crystal RG. -
The alveolitis of pulmonary sarcoidosis: evaluation of natural 
history and alveolitis-dependent changes in lung function. Am 
Rev Respir Dis 1983; 128: 256-265. 
6. Paradis IL, Dauber m, Rabin BS. - Lymphocyte phe
notypes in bronchoalveolar lavage and lung tissue in sarcoido
sis and idiopathic pulmonary fibrosis. Am Rev Respir Dis 
1986; 133: 855-860. 
7. Saltini C, Spurzem JR, Lee J, Pinkston P, Crystal RG. -
Spontaneous release of ll.r2 by lung lyrnphocytes is primarily 
from the Leu 3+ DR+ T-cell subset. J Clin Invest 1986; 77: 
1962-1969. 
8. Costabel U, Bross KJH, Riihle KH, LOhr GW, Matthys 
H. - la-like antigens on T -cells and their subpopulations in 
pulmonary sarcoidosis and in hypersensitivity pneumonitis. Am 
Rev Respir Dis 1985; 131: 337-342. 
9. Semenzato G, Agostini C, Trentin L, et al. - Evidence 
of cells bearing interleukin-2 receptor at sites of disease 
activity in sarcoid patients. Clin Exp lmmunol 1984; 57: 331-
337. 
10. Ainslie WM. Poulter LW, Du Bois RM. - Relation be
tween immunocytological features of bronchoalveolar lavage 
fluid and clinical indices in sarcoidosis. Tlwrax 1989; 44: 
501-509. 
11. Roca J, Rodriguez-Roisin R, Cobo E, Burgos F, Perez J, 
Clausen JL. - Single-breath carbon monoxide diffusing 

capacity prediction equations for a Mediterranean population. 
Am Rev Respir Dis 1990; 141: 1026-1032. 
12. Roca J, Segarra F, Rodriguez-Roisin R, et al. - Static 
lung volumes and single-breath diffusion capacity reference 
values from a Latin population. Am Rev Respir Dis 1985; 131: 
A352 (Abstract). 
13. Roca I, Sanchis J, Agusti-Vidal A, Segarra F. et al. -
Spirometric reference values for a Mediterranean population. 
Bull Eur Physiopatlwl Respir 1986; 22: 217-224. 
14. Xaubet A, Rodriguez-Roisin R, Bombi JA, et al. - Cor
relation of bronchoalveolar lavage and clinical and functional 
fmdings in asbestosis. Am Rev Respir Dis 1986; 133: 848-
854. 
15. Xaubet A, Agustf C, Picado C, et al. - Demonstration 
of surface antigens on bronchoalveolar lavage cells using the 
immunoalkaline phosphatase method. Respiration 1989; 56: 
43-47. 
16. Campbell DA, Poulter LW, Du Bois RM. - Immuno
competent cells in bronchoalveolar lavage reflect the cell 
populations in transbronchial lung biopsy in pulmonary sar
coidosis. Am Rev Respir Dis 1985; 132: 13~1306. 
17. Miiller-Quemheim I, KrOnkc M, Strausz J, Schykowski M, 
Ferlinz R. - lnterleukin-2 receptor gene expression by 
bronchoalveolar lymphocytes in pulmonary sarcoidosis. Am 
Rev Respir Dis 1989; 140: 82-s8. 
18. Nagai S, Tamura H, lzumi T. - Comparative studies of 
T-cell subsets in blood lymphocytes and BALF lympho
cytes in sarcoidosis. Am Rev Respir Dis 1984; 139: A30 
(Abstract). 
19. Verstraeten A, Demedts M, Verwilghen J, et al. - Pre
dictive value of bronchoalveolar lavage in pulmonary sarcoido
sis. Chest 1990; 98: 560-561. 
20. Foley NM, Coral AP, Tung K, et al. - Bronchoalveolar 
lavage cell counts as a predictor of short-term outcome in pul
monary sarcoidosis. Thorax 1989; 44: 732-738. 
21. Bates DV. Sarcoidosis. In: Bates DV, ed. Respiratory 
function in disease. Philadelphia, WB Saunders, 1989; pp. 
283-290. 
22. Carrington CB, Gaensler EA, Mikus JP, et al. - Struc
ture and function in sarcoidosis. Ann NY Acad Sci 1976; 278: 
265-283. 
23. Valeyre D. Saumon G, Bladier D, et al. - The rela
tionship between noninvasive explorations in pulmonary sar
coidosis of recent origin, as shown in bronchoalveolar lavage, 
serum, and pulmonary function tests. Am Rev Respir Dis 1 982; 
126: 41-45. 
24. Greening AP, Nunn P, Dobson N. Rudolf M, Rees ADM. 
- Pulmonary sarcoidosis: alterations in bronchoalveolar 
lymphocytes and T-cell subsets. Thorax 1985; 40: 278-283. 


