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Summary

Lymphocytes play a crucial role in lung inflammation. Different interstitial
lung diseases may show distinct lymphocyte activation profiles. The aim of this
study was to examine the expression of a variety of activation markers on T
lymphocyte subsets from blood and bronchoalveolar lavage fluid (BALF) of
patients with different granulomatous interstitial lung diseases and healthy
controls. Bronchoalveolar lavage cells and blood cells from 23 sarcoidosis
patients, seven patients with hypersensitivity pneumonitis and 24 healthy
controls were analysed. Lymphocyte activation status was determined by flow
cytometry. Lymphocytes were stained with antibodies against CD3, CD4, CD8,
CD25, CD28, CD69, very late antigen-1 (VLA)-1, VLA-4 and human leucocyte
antigen D-related (HLA-DR). In general, CD28, CD69 and VLA-1 expression
on BALF CD4+ lymphocytes and HLA-DR expression on BALF CD8+ lym-
phocytes was different in patients with hypersensitivity pneumonitis and
sarcoidosis patients with parenchymal involvement. This BALF lymphocyte
phenotype correlated with carbon monoxide diffusing lung capacity (Dlco)
values across interstitial lung diseases (ILD) (r2 = 0·48, P = 0·0002). In sarcoi-
dosis patients, CD8+CD28null blood lymphocytes correlated with lower Dlco
values (r = -0·66, P = 0·004), chronic BALF lymphocyte activation phenotype
(r2 = 0·65, P < 0·0001), radiographic staging (stage I versus stage II and higher,
P = 0·006) and with the need for corticosteroid treatment (P = 0·001). Higher
expression of CD69, VLA-1 and HLA-DR and lower expression of CD28 on
BALF lymphocytes suggests prolonged stimulation and chronic lymphocyte
activation in patients with ILD. In sarcoidosis, blood CD8+CD28null cells might
be a new biomarker for disease severity but needs further investigation.
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Introduction

Many acute and chronic lung disorders with variable degrees
of pulmonary inflammation and fibrosis are referred to col-
lectively as interstitial lung diseases (ILD). The major abnor-
mality in ILD is disruption of the lung parenchyma;
progression of the diseases results in impaired oxygen trans-
fer and scarring within the lung. Interstitial lung diseases are
classified into four categories: (i) ILD of known association;
(ii) granulomatous ILD; (iii) other and often rare ILD; and
(iv) idiopathic interstitial pneumonias (IIPs). The most
common ILD in the western world is sarcoidosis, with an
annual incidence of 10–25 per 100 000 people in western
Europe and the United States [1,2].

Sarcoidosis is a multi-system granulomatous disease
characterized by an accumulation of T helper type 1 lym-
phocytes in the affected organs, commonly the lung. The
disease course is variable. Sarcoidosis is often acute and
self-limiting; in some individuals it becomes chronic, occa-
sionally flaring up over a period of many years [3]. The
majority of sarcoidosis patients undergo spontaneous
remission; approximately 10–15% of the sarcoidosis cases
develop parenchymal fibrosis [4].

Another common granulomatous ILD is hypersensitivity
pneumonitis. Hypersensitivity pneumonitis is due to a com-
bined type III allergic reaction with the formation of precip-
itins and a type IV lymphocyte reaction with a granulomatous
inflammation. Hypersensitivity pneumonitis is characterized
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pathologically by non-caseating granulomas in the intersti-
tium, bronchiolitis and organizing pneumonia, with or
without interstitial fibrosis [5].

Most clinical manifestations of ILD are secondary to the
direct effect of the accumulation of activated immune cells in
involved tissues, notably T cells, macrophages or neutrophils
[6,7]. Activated T lymphocytes play an important role in the
pathophysiology of ILD [6]. T lymphocyte activation involves
sequential expression of different, well-defined activation
markers. For instance, CD25 and CD69 are expressed in vitro
within 24 h after stimulation while very late antigen (VLA)-1
and VLA-4 can be detected after several days to weeks [8–10].
CD69 is an early membrane receptor expressed transiently
upon lymphocyte activation and expressed selectively in
chronic inflammatory infiltrates and at sites of active immune
responses in vivo [11]. CD28 is a co-stimulatory molecule and
expressed constitutionally by T cells. Wahlström et al. have
shown differential expression of activation markers between
blood and bronchoalveolar lavage fluid (BALF) lymphocytes
in pulmonary sarcoidosis [12]. Highly activated T cells were
found in BALF of patients, in particular CD4+ T cells that have
a preferential usage of the T cell receptor (TCR) AV2S3 gene
segment [13,14]. In addition, increased expression of VLA-1,
VLA-4 and VLA-5 has been demonstrated on tissue-
infiltrating T cells from the lungs of sarcoidosis patients,
especially in patients with active disease [15,16].Moreover,we
and others have found high percentages of chronically acti-
vated BALF CD103+ intra-epithelial lymphocytes (IEL) in
fibrotic lung diseases [8,17,18]. However, a detailed compari-
son of lymphocyte activation profiles between different ILD
has not yet been made.

In order to characterize more clearly the lymphocyte phe-
notype in sarcoidosis and hypersensitivity pneumonitis we
examined the expression of a comprehensive set of activa-
tion markers on T lymphocyte subsets obtained by broncho-
alveolar lavage and in peripheral blood. Correlations of T
lymphocyte marker profiles with lung function parameters
and radiographic staging were analysed to understand the
relation between lymphocyte activation phenotype and
disease severity.

Materials and methods

Subjects

Sarcoidosis patients. Twenty-three patients presenting to our
department because of symptomatic sarcoidosis with >15%
lymphocytes in bronchoalveolar lavage were included in
this study [median age, 42 (range: 24–65); male/female, 16/7].
The diagnosis of sarcoidosis was established on the basis of
clinical findings and histological evidence of non-caseating
epithelioid granulomas and after exclusion of other known
causes of granulomatosis in accordance with the consensus
of the American Thoracic Society/European Respiratory
Society/World Association of Sarcoidosis and other

Granulomatous Disorders (ATS/ERS/WASOG) statement on
sarcoidosis [19]. In six patients, the diagnosis was made
without biopsy proof because these patients presented with
the classic symptoms of Löfgren’s syndrome, namely fever,
erythema nodosum, arthralgia and bilateral hilar lymphad-
enopathy. All patients with Löfgren’s syndrome were con-
firmed as tuberculosis (TB)-negative. All patients were
steroid naive at the time of inclusion into the study. Pulmo-
nary disease severity at presentation was evaluated by chest
radiography. In brief, this comprises five stages: stage 0,
normal, stage I, bilateral hilar lymphadenopathy (BHL), stage
II, BHL and parenchymal infiltration, stage III, parenchymal
infiltration without BHL and stage IV, irreversible fibrosis
with loss of lung volume. Distribution of chest radiographic
stages at presentation showed that 14 patients presented with
stage I (including six patients diagnosed with Löfgren’s syn-
drome), four patients presented with stage II, four patients
presented with stage III and one patient presented with stage
IV. For further analysis, patients were divided into a group
presented without parenchymal involvement (radiographic
stage I, n = 14) and a group presented with parenchymal
involvement (radiographic stage II and higher, n = 9).

Of 21 patients, data of corticosteroid treatment within
2 years after presentation were available. Seven patients
received no medication while 14 patients needed corticoster-
oids within 2 years after presentation (Table 4) [20]. The
clinical and demographic data of the study subjects are sum-
marized in Table 1.

Hypersensitivity pneumonitis patients. Seven patients pre-
senting to our department because of symptomatic hypersen-
sitivity pneumonitis were included in this study [median age,
64 (range: 41–75); male/female, four/three]. All patients
experienced respiratory symptoms including dyspnoea or
cough, with or without systemic symptoms such as fever and
arthralgia after exposure to birds. Additionally, they all had
precipitating antibodies to birds and a lymphocytic alveolitis,
i.e. >15% lymphocytes in BALF. None of the patients received
corticosteroids, nor had they within the previous 3 months.

Healthy controls. Twenty-four healthy subjects were
included in this study [mean age, 30 (range 20–64); male/
female, 9/15]. All healthy controls had normal chest radiog-
raphy, normal lung function [forced expiratory volume in 1
s ((FEV1), forced vital capacity (FVC)] and none had any sign
of pulmonary disease.

Verbal and written consent was obtained from all subjects,
and authorization was given by the Ethics Committee of the
St Antonius Hospital, Nieuwegein.

Pulmonary function tests

Pulmonary function tests were performed at presentation.
FVC, FEV1 and carbon monoxide diffusing lung capacity
(Dlco) were used to assess the presence of lung function
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impairment at presentation of the disease. All lung function
parameters are expressed as percentage of predicted values.
FVC and FEV1 were calculated from volumes in litres and
adjusted to BTPS (body temperature, ambient pressure, satu-
rated with water vapour).

Bronchoalveolar lavage

BAL was performed during flexible fibreoptic bronchoscopy
at the time of the diagnosis according to the standardized and
validated procedure described previously [18]. The proce-
dure involved detailed explanation to the patient, premedica-
tion (0·5 mg atropine subcutaneously, 20 mg codeine per os)
and local anaesthesia of the larynx and lower airways (0·5%
tetracaine in the oropharynx, 8 cc 0·5% tetracaine in lower
airways). Transcutaneous oxygen saturation was monitored
continuously by oximeter with a finger probe. BAL was per-
formed, preferably in the right middle lobe, with four 50-ml
aliquots of sterile isotonic saline solution (37°C). The aspi-
rated lavage fluid from the first 50-ml aliquot was kept apart
and excluded from further analysis. The BALF recovered from
the three subsequent aliquots was collected in a siliconized
specimen trap and kept on ice. BALF was filtered through
nylon gauze and centrifuged (10 min at 400 g at 4°C).

The cell pellet was washed twice, counted and resuspended
in minimal essential medium/RPMI-1640 (Gibco, Grand
Island, NY, USA), supplemented with 0·5% bovine serum

albumin (Organon Teknika, Boxtel, The Netherlands). Cells
were counted in a Bürker chamber. Cell viability was
determined by trypan blue exclusion. Smears for cell differ-
entiation were prepared by cytocentrifugation (Shandon,
Runcorn, UK). Cell differentiation was performed on
cytospinslide after staining with May–Grünwald–Giemsa
(Merck, Darmstadt, Germany); at least 2 ¥ 500 cells were
counted.

Flow cytometry

Fifty ml of ethylenediamine tetraacetic acid (EDTA) blood
and 50 ml BALF (at least 500 000 cells) were prepared for
four-colour flow cytometry. BALF and blood samples
were incubated for 15 min at room temperature with 10 ml
of the following monoclonal antibodies (mAbs): anti-CD3
fluorescein isothiocyanate (FITC), anti-CD4 peridinin
chlorophyll–cyanine (PerCP-Cy)5·5 and anti-CD8 allophy-
cocyanin combined with either anti-CD25 phycoerythrin
(PE), anti-CD28 PE, anti-CD69 PE, anti-VLA-1 PE, anti-
VLA-4 PE or anti-human leucocyte antigen D-related (HLA-
DR) PE, all from BD Biosciences (Alphen aan den Rijn, The
Netherlands). Immunofluorescence was measured by flow
cytometry (FACSCalibur; Becton Dickinson, Alphen aan den
Rijn, The Netherlands). Lymphocytes were defined based on
forward-scatter/side-scatter (FSC/SSC) characteristics and
expression of the activation markers was evaluated on CD4+

Table 1. Characteristics of the study population.

Characteristics

SARC HP HC

(n = 23) (n = 7) (n = 24)

Age,† year 41·2 (24–65) 60·3 (41–75) 30·0 (20–64)

Male/female gender 16/7 4/3 9/15

Smoker/non-smoker 1/19 1/5 7/17

Lung function parameters†

FEV1 % pred (n = 18/6/21) 93 (59–115)* 87 (52–142)* 107 (79–130)

FVC % pred (n = 18/6/21) 97 (65–117)* 108 (56–134)** 110 (81–135)

Dlco % pred (n = 18/6) 82 (44–105)*** 48 (24–83) ND

Chest radiographic stages I/II/III/IV 14/4/4/1

Löfgren’s syndrome 6

Organ involvement‡§

Pulmonary involvement 100 (17)

Extrapulmonary involvement 35 (6)

Kidney 24 (4)

Skin 12 (2)

Extrathoracic lymph node 6 (1)

Neurological 6 (1)

Eyes 6 (1)

Parotid/salivary 6 (1)

Muscles 6 (1)

Bone/joints 6 (1)

*Different from healthy controls (HC), P < 0·001; **different from HC, P < 0·01; ***sarcoidosis (SARC) versus hypersensitivity pneumonitis (HP),

P = 0·0007. †Values are given as the mean (range). ‡Values are given as % (no.). §Based on the ACCESS assessment instrument [29]. Organ involvement

data are from non-Löfgren’s sarcoidosis patients (n = 17). Dlco: carbon monoxide diffusing lung capacity; FVC: forced expiratory volume; ND: not

determined.
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and CD8+ T cells in BALF and PB from healthy controls (HC)
and ILD patients (Fig. 1). Isotype-matched negative control
antibodies stained fewer than 1% of CD4+ and CD8+ BALF
and PB cells, and were used to set markers to delineate positive
and negative cells. At least 10 000 lymphocyte events were
analysed with FlowJo software (Tree Star, Inc., Ashland, OR,
USA).

Statistics

Data are expressed as median � range or as stated otherwise.
Multiple groups were compared performing Kruskal–Wallis
with Dunn’s post-hoc test. The Mann–Whitney U-test was
used to compare BALF and PB cell populations. Correlations
between different variables were determined using Spear-
man’s rank coefficient. To analyse correlations between an
expression profile of multiple activation markers and other
parameters, individual values of the different activation
markers were ranked and the sum of ranks (SOR) was corre-
lated to lung function or CD8+CD28null cells.

Fisher’s exact test was used to test the prognostic value of
CD8+CD28null cells for the need for medication. Considering

multiple comparisons, a P-value of less than 0·01 was
regarded as significant. Statistical evaluation of our data was
performed using spss version 15·0 (SPSS Inc., Chicago, IL,
USA) and Graphpad Prism version 5 (Graphpad Software,
Inc., San Diego, CA, USA) software packages.

Results

Total and differential cell counts for BALF, PB and CD4/CD8
ratios are presented in Table 2.

Expression of activation markers on lymphocytes

BALF versus PB. In BALF, highly activated T lymphocyte
subsets were found both in ILD patients and in healthy
controls. CD69, VLA-1 and HLA-DR expression was higher
on CD4+ and CD8+ BALF cells compared to corresponding
PB lymphocytes (P < 0·0001). VLA-4 was increased only on
BALF CD4+ cells (P < 0·0001). CD4+CD25+ cells were lower
in BALF versus PB in sarcoidosis (P < 0·0001). In contrast,
in HC CD25+ cells were higher in CD8+ BALF cells
(P < 0·0001). Finally, CD28 expression was decreased on
BALF versus PB lymphocyte subsets in HC (P < 0·0001).
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Fig. 1. Gating strategy. A representative side-scatter versus forward-scatter plot and lymphocyte gate is shown in peripheral blood (PB) and

bronchoalveolar lavage fluid (BALF) samples. Expression of activation markers was analysed on CD4+ and CD8+ cells within the lymphocyte gate

(a,b,c). Back gating of gated cell populations double-stained for T cell receptor (TCR) marker CD3 and an activation marker into the side

scatter–forward scatter (SSC–FSC) plot showed that the gated cells fell within the SSC–FSC lymphocyte gate, hence no cells were omitted using the

original lymphocyte gate (d,e).
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Expression of activation markers on BALF
lymphocytes

ILD patients and controls. Comparisons of BALF cells
between groups showed significantly higher expression of
CD25 [interleukin (IL)-2 receptor alpha chain] on BALF
CD4+ and CD8+ cells in HC versus sarcoidosis. Moreover, the
co-stimulatory molecule CD28 was expressed by a lower
percentage of BALF CD4+ lymphocytes in hypersensitivity
pneumonitis versus HC and sarcoidosis. Increased expres-
sion of CD69 and VLA-1 was found on BALF CD4+ lympho-
cytes in hypersensitivity pneumonitis versus HC and
sarcoidosis. HLA-DR expression was increased in hypersen-

sitivity pneumonitis compared to sarcoidosis on BALF CD8+

lymphocytes (Table 3).

Sarcoidosis clinical phenotypes. Analysis of different clinical
sarcoidosis phenotypes showed a significantly higher pro-
portion of BALF CD4+ lymphocytes expressing VLA-1 [35·9
(14·6–71·5) versus 16·4 (7·7–34·2), P < 0·01] and more BALF
CD8+ cells expressing HLA-DR [93·0 (77·0–98·8) versus 77·3
(61·3–95·6), P < 0·01] in patients with parenchymal involve-
ment (radiographic stage II and higher) versus patients
without parenchymal involvement (radiographic stage I).

Figure 2 illustrates a flow cytometric analysis of the chron-
icly activated BALF lymphocytes from one HC, sarcoidosis

Table 2. Total and differential cell counts for bronchoalveolar lavage fluid (BALF) and peripheral blood (PB) from patients and controls.

Characteristics

SARC HP HC

(n = 23) (n = 7) (n = 24)

Total BALF cells (¥104/ml) 31·1 (9·9–65·0)* 26·2 (5·1–102·9)‡ 10·1 (4·3–16·3)

Cell types:

Alveolar macrophages % 65·2 (13·4–84·6)* 67·6 (8·5–79·7)* 87·1 (56·3–96·8)

(¥104/ml) 16·0 (6·8–34·5)* 9·8 (4·0–21·2) 8·2 (3·9–15·8)

Lymphocytes % 47·0 (15·0–83·0)* 37·0 (31·0–80·0)* 9·6 (2·3–39·9)

(¥104/ml) 11·2 (1·5–54·0)* 9·9 (1·8–82·3)* 0·9 (0·3–5·4)

Neutrophils % 1·1 (0·1–2·4)‡ 1·9 (0·5–4·7) 1·6 (0·1–8·1)

(¥104/ml) 0·3 (0·02–1·0) 0·8 (0·07–2·0) 0·2 (0·0–0·8)

Eosinophils % 0·5 (0·1–4·1) 0·7 (0·1–3·0) 0·3 (0·0–4·1)

(¥104/ml) 0·1 (0·01–0·7)† 0·3 (0·01–0·9)† 0·03 (0·0–0·4)

BALF CD4/CD8 cell ratio 3·6 (0·5–25·2)* 0·8 (0·6–6·3) 1·1 (0·2–11·0)

Total PB cells (¥106/ml) 5·6 (3·2–14·4)§ 7·7 (6·5–11·2) 5·8 (3·2–9·0)§

Lymphocytes % 23·0 (11·0–44·0)* 25·0 (20·0–36·0) 33·5 (20·6–49·9)

(¥106/ml) 1·3 (0·4–2·5) 1·8 (1·4–3·2)¶ 1·9 (1·3–2·8)¶

PB CD4/CD8 cell ratio 1·2 (0·4–3·3)‡ 2·0 (0·6–4·0) 1·8 (0·9–5·8)

Significantly different from healthy controls (HC): *P < 0·001; †P < 0·01; ‡P < 0·05. Significantly different from hypersensitivity pneumonitis (HP):
§P < 0·05. Significantly different from sarcoidosis (SARC); ¶P < 0·01. Numbers are presented as median (range). BALF: bronchoalveolar lavage fluid.

Table 3. Expression of activation markers on bronchoalveolar lavage fluid (BALF) and peripheral blood (PB) CD4+ and CD8+ lymphocytes from

interstitial lung disease (ILD) patients and healthy controls.

Markers

SARC (n = 23) HP (n = 7) HC (n = 24) SARC (n = 23) HP (n = 7) HC ( n = 24)

Bronchoalveolar lavage cells Peripheral blood cells

CD4+ lymphocytes

CD25 17·6 (7·5–39·5) 19·7 (15·6–75·4) 48·8 (28·5–75·0)* 52·4 (22·7–74·9) 58·6 (44·0–63·5) 44·4 (30·8–81·6)

CD28 97·4 (73·9–99·9)† 57·3 (38·9–93·1) 94·4 (80·4–99·4)† 99·4 (73·6–100) 95·9 (90·5–99·8) 99·9 (80·5–100)

CD69 69·8 (37·1–94·8)† 89·4 (80·5–95·7) 66·7 (44·8–79·3)† 2·7 (0·3–13·8) 1·2 (0·8–4·8) 2·2 (1·2–16·5)

VLA-1 25·6 (7·7–71·5)† 55·9 (35·5–69·4) 27·9 (11·3–54·2)† 5·5 (1·8–17·2) 5·0 (3·1–12·5) 2·9 (0·6–17·5)

VLA-4 99·2 (97·3–99·8) 99·6 (97·2–99·9) ND 86·7 (66·7–93·5) 86·2 (78·8–89·1) ND

HLA-DR 93·4 (84·5–98·7) 93·9 (91·7–97·4) ND 19·0 (7·2–64·7) 15·6 (10·6–21·4) ND

CD8+ lymphocytes

CD25 6·1 (1·7–20·5) 7·5 (5·3–46·1) 19·3 (7·8–40·3)* 8·4 (1·3–26·1) 11·8 (4·4–22·2) 7·1 (3·5–29·5)

CD28 57·0 (27·5–85·2) 24·1 (8·9–76·7) 64·2 (39·3–80·1) 60·2 (10·0–96·2) 69·5 (19·3–100) 87·6 (62·3–96·4)*

CD69 86·4 (37·0–97·3) 97·3 (79·8–98·8) 85·1 (75·0–94·2) 5·1 (0–21·2) 1·0 (0·3–3·3)* 2·9 (1·6–23·1)

VLA-1 75·6 (28·3–96·3) 94·9 (68·9–97·2) 80·5 (53·6–96·0) 5·1 (0·6–36·8) 5·4 (1·8–10·3) 3·3 (0·9–29·8)

VLA-4 99·7 (97·2–100) 99·9 (99·2–100) ND 98·4 (93·6–100) 99·0 (98·8–99·4) ND

HLA-DR 80·4 (61·3–98·8)† 96·4 (89·0–99·1) ND 35·3 (9·9–91·8) 43·4 (22·7–64·0) ND

*Significant difference (P < 0·01), compared to sarcoidosis (SARC). †Significant difference (P < 0·01), compared to hypersensitivity pneumonitis

(HP). Numbers are expressed as median (range). HLA-DR: human leucocyte antigen D-related; ND, not determined; VLA: very late antigen.
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stage I, sarcoidosis stage IV and hypersensitivity pneumoni-
tis subject.

To analyse a combination of BALF CD4+ and CD8+ lym-
phocyte phenotypes, individual values of the different activa-
tion markers were ranked and the sum of ranks was compared
between ILD. Analysis of variance (anova) revealed the
highest sum for hypersensitivity pneumonitis and the lowest
sum for sarcoidosis patients without parenchymal involve-
ment (radiographic stage I) (P < 0·0001) (Fig. 3).

Analysis of absolute cell numbers revealed no differences
between groups (data not shown). Separation of Löfgren’s
patients from the stage I group did not reveal significant
differences between Löfgren’s patients and sarcoidosis
patients, with radiographic stage I for all comparisons (data
not shown). No major differences were found between sexes
or smokers and non-smokers for all comparisons in patients
and controls. Moreover, multivariate regression analysis
of normally distributed markers, controlled for age as a
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Fig. 2. Fluorescence histograms presenting CD28, CD69 and very late antigen (VLA)-1 expression on bronchoalveolar lavage fluid CD4+ cells and

human leucocyte antigen D-related (HLA-DR) expression on BALF CD8+ cells from one representative healthy control (HC), sarcoidosis (SARC)

stage I, SARC stage IV and hypersensitivity pneumonitis (HP) subject.
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covariate and gender as fixed factor, did not alter the results
significantly (data not shown).

Correlation between BALF T lymphocyte phenotype
and lung function tests in ILD

Next, we investigated whether the presence of activated T
lymphocytes in BALF correlated with lung function param-
eters in ILD. Dlco is the best descriptor for lung function and

decreases with increasing parenchymal involvement. The
combination of CD28, CD69 and VLA-1 expression on
BALF CD4+ lymphocytes and CD28 and HLA-DR expres-
sion on BALF CD8+ lymphocytes showed a positive correla-
tion with Dlco values, superior to the individual significant
correlations (r2 = 0·48, P = 0·0002).

Expression of activation markers on PB lymphocytes

ILD patients and controls. In peripheral blood, minor differ-
ences were found between sarcoidosis, hypersensitivity
pneumonitis and HC comparing the expression of the acti-
vation markers on CD4+ cells and CD8+ cells (Table 3).
Notably, the percentage of CD28+CD8+ cells was lower in
both ILD compared to healthy controls, in particular in sar-
coidosis patients (Table 3).

Correlation between blood CD8+CD28null cells and
parameters of disease severity in sarcoidosis

In sarcoidosis patients, significant correlations were found
between the percentage of PB CD8+CD28null cells (Fig. 4) and
Dlco values (r = -0·66, P = 0·004; 95% CI -0·87 to -0·26)
(Fig. 5). Moreover, the percentage of blood CD8+CD28null

lymphocytes was increased in sarcoidosis patients with
parenchymal abnormalities, compared to sarcoidosis
patients without parenchymal abnormalities (P = 0·006)
(Fig. 5, inlay) and correlated strongly with BALF
CD4+CD28+, CD4+VLA-1+, CD8+CD25+, CD8+VLA-1+ and
CD8+HLA-DR+ lymphocytes (sum of ranks, r2 = 0·65,
P < 0·0001) (Fig. 6). In addition, the proportion of blood
CD8+CD28null cells revealed prognostic value for the need for
corticosteroid treatment within 2 years after presentation
(Fig. 7). Seven of 10 patients with higher percentages of
CD8+CD28null cells (>50%) needed corticosteroid treatment
within 2 years after presentation compared to none of the 11
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Fig. 3. Scatter diagram illustrating the sum of ranks of CD25, CD28,

CD69, very late antigen (VLA)-1 and human leucocyte antigen

D-related (HLA-DR) expression on bronchoalveolar lavage fluid

(BALF) CD4+ lymphocytes and BALF CD8+ lymphocytes in

sarcoidosis patients without parenchymal involvement (radiographic

stage I), sarcoidosis patients with parenchymal involvement

(radiographic stage II and higher) and patients with hypersensitivity

pneumonitis (HP). VLA-4 expression was 100% in both BALF

lymphocyte subsets in all patients, hence VLA-4 expression was

excluded from sum of rank analysis (all subjects would have been

assigned the same rank number, i.e. 1).

Fig. 4. Fluorescence histograms showing blood

CD8+CD28null and CD8+CD28+ cell populations

in sarcoidosis patients (upper row) and healthy

controls (lower row).
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patients with lower CD8+CD28null percentages (<50%)
(P = 0·001). Individual CD8+CD28null levels and values of
disease severity parameters are summarized in Table 4.
Finally, the presence of blood CD8+CD28null cells in sarcoi-
dosis did not correlate with extrapulmonary organ involve-
ment (data not shown).

Discussion

This study showed compartmentalization of activated lym-
phocytes in the lungs of patients with different granuloma-

tous interstitial lung diseases and healthy subjects. Early
(CD69) as well as late (HLA-DR, VLA-1 and VLA-4) acti-
vation markers were found in a much higher frequency on
BALF lymphocyte subsets than on blood lymphocyte
subsets in all groups. In sarcoidosis and hypersensitivity
pneumonitis patients, increased expression of CD69, VLA-1
and decreased expression of CD28 on BALF CD4+ cells and
increased expression of HLA-DR on BALF CD8+ cells cor-
related with the extent of parenchymal involvement and
decreased Dlco values. Corresponding peripheral blood
lymphocytes in ILD patients hardly expressed an activated
phenotype, a finding which is consistent with other studies
[12,14,16]. However, we found a remarkable loss of CD28
expression on PB CD8+ T cells, in particular, in sarcoidosis
patients. Interestingly, in sarcoidosis, the increased propor-
tion of peripheral blood CD8+CD28null T cells correlated
significantly with Dlco values, radiographic staging and
with BALF lymphocytes with a chronically activated phe-
notype (sum of ranks). Consistent with the observed cor-
relations between blood CD8+CD28null cells and parameters
of disease severity, the proportion of CD8+CD28null cells at
presentation had prognostic value for the need for corti-
costeroid medication within 2 years after presentation. Loss
of CD28 expression on T cells from sarcoidosis patients
has been described, but concerned mainly expansion of
CD4+CD28null cells [12,14,21].
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Fig. 5. Scatter diagram illustrating the correlation between the

percentage of peripheral blood (PB) CD8+CD28null T cells and carbon

monoxide diffusing lung capacity (Dlco) in 17 sarcoidosis patients.

Inlay presents the percentage of PB CD8+CD28null T cells between

sarcoidosis patients without parenchymal involvement, radiographic

stage I (n = 14) and with parenchymal involvement, radiographic

stage II and higher (n = 9) at presentation.
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Fig. 6. Scatter diagram illustrating the correlation between the

percentage of peripheral blood (PB) CD8+CD28null T cells and the

sum of ranks of the individual significant correlations with the

percentage of bronchoalveolar lavage fluid (BALF) CD4+CD28+, CD4+

very late antigen (VLA-1)+, CD8+CD25+, CD8+VLA-1+ and CD8+

human leucocyte antigen D-related (HLA-DR)+ lymphocytes from

sarcoidosis patients.
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Fig. 7. Scatter plot of the percentage of peripheral blood

CD8+CD28null T cells in sarcoidosis patients (n = 21) at presentation

and the need for corticosteroid treatment within 2 years after

presentation. The dotted line indicates 50% level. Ten patients had

CD8+CD28null values above 50%. Of these patients, seven needed

medication. None of the patients with CD8+CD28null values lower

than 50% received corticosteroids within 2 years after presentation.

Fisher’s exact test: P = 0·001.
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The loss of CD28 is associated with chronic inflamma-
tion upon exposure to inflammatory cytokines and in
the context of chronic antigenic exposure [22,23].
CD8+CD28null cells are major histocompatibility complex
(MHC) class I-restricted and function in an antigen-
dependent manner. They might exert their immunosup-
pressive effect by rendering antigen presenting cells unable
to initiate and support T helper cell activation and growth
[24]. On the other hand, CD8+CD28null cells might exert
their cytotoxic T lymphocyte (CTL) effector cell activity by
production of granzymes, perforins, tumour necrosis factor
(TNF)-a and interferon (IFN)-g [25,26]. Loss of CD28
may not merely indicate chronic inflammation, but is also
the result of ageing of the host. CD8+ cells show a higher
susceptibility to age-dependent functional and phenotypic
changes than CD4+ cells [27] and the percentage of PB
CD8+CD28null cells has been shown to correlate positively
with age and with a decrease in CD4+/CD8+ ratio [28].
However, univariate analysis of variance revealed no effect
of age on the relationship between CD8+CD28null cells and
Dlco values, radiological stages or BALF lymphocyte phe-
notype in sarcoidosis (data not shown). The functional sig-
nificance of circulating CD8+CD28null cells in sarcoidosis
remains to be determined. The correlations with indicators
of disease severity suggest that measuring the percentage of
PB CD8+CD28null cells might be used as a marker for the

amount of lung parenchymal infiltration in sarcoidosis.
This hypothesis undoubtedly needs to be validated in a
larger patient cohort, including follow-up measurements.

BALF cells from patients with hypersensitivity pneumoni-
tis showed the most chronic activated phenotype compared
to controls and compared to sarcoidosis patients. Higher
expression of early (CD69) and late (VLA-1, HLA-DR) acti-
vation markers and lower expression of co-stimulatory
molecule CD28 was found on BALF lymphocytes. This
suggests continuous lymphocyte activation, consistent with
prolonged local antigen exposure in hypersensitivity
pneumonitis.

In conclusion, a specific phenotype of chronically activated
BALF lymphocyte subsets was found in sarcoidosis and
hypersensitivity pneumonitis patients and correlated with the
extent of parenchymal involvement and lower lung function.
In sarcoidosis, the blood CD8+CD28null subset may be a new
biomarker for disease severity.Further research is necessary to
confirm this hypothesis and to understand its role in sarcoi-
dosis disease progression.
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Table 4. Parameters of disease severity and percentages of CD8+CD28null cells in sarcoidosis patients.

Patient Chest X-ray Dlco (% pred.)

Corticosteroid

therapy (<2 years)

BAL T lymphocyte

phenotype (SOR)

Peripheral blood

CD8+CD28null cells (%)

ILD50 I 100 No 35·5 3·9

ILD51 I 99 No 14·5 6·6

ILD31 I 94 No 28 8·3

ILD39, Löfgren I ND No 27·5 13·3

ILD20 I 81 No 35 13·9

ILD17, Löfgren I 75 No 20 18·6

ILD37 I ND No 56 18·8

ILD22, Löfgren I 105 No 73 24·1

ILD14 I ND Unknown 66 31·7

ILD09 I ND No 60 32·7

ILD08 II 90 No 66 33·5

ILD13 IV 84 No 88 46·0

ILD11, Löfgren I 70 No 59 52·7

ILD47 III 89 P 62·5 54·7

ILD25, Löfgren I ND No 49 60·1

ILD24 III 82 P + M 79 63·4

ILD26, Löfgren I 75 No 60 73·8

ILD10 II 66 P + I 68 76·4

ILD32 II 44 P + M 92 78·7

ILD27 III 79 P 94 80·7

ILD15 II 62 P + M 91 86·8

ILD42 I 85 P + M + I 92 90·0

Dlco: carbon monoxide diffusing lung capacity; ILD: interstitial lung diseases; I: infliximab; M: methatroxate; ND: not determined; P: prednisone/

prednisolone; SOR: sum of ranks.
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