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SUMMARY

The pathogenesis of pulmonary sarcoidosis has been related to an increased production of Thl-like
cytokines. However, cytokine expression in sarcoidosis has not been systematically studied at a single-
cell level. We therefore investigated the expression of IL-2, IL-4, IL-13, tumour necrosis factor-alpha
(TNF-a) and interferon-gamma (IFN-v) intracellularly in bronchoalveolar lavage (BAL) and peripheral
blood CD3™ T lymphocytes from patients with pulmonary sarcoidosis (radiologic stage II-III, n = 8)
and normal controls (n = 9) by flow cytometry. In contrast to IL-4 and IL-13, the percentage of T
lymphocytes expressing intracellular IL-2 (49-3 * 21-3% versus 14-5 = 15-6%), IFN-y (75-5 = 14-9%
versus 32:6 £ 18-7%) and TNF-a (68-3 £ 18-7% versus 36-8 * 20-8%) was significantly higher in
patients with sarcoidosis than in normal controls (each P < 0-005). In contrast to BAL lymphocytes,
expression of these cytokines in peripheral blood lymphocytes did not differ between patients with
sarcoidosis and normal controls. Close correlations were observed between the percentages of BAL
lymphocytes expressing intracellular IL-2, IFN-y and TNF-«, but not for IL-4 or IL-13. Analysis of the
expression of these cytokines in T lymphocyte subsets revealed IL-2, IFN-y, and TNF-« in CD4™ as
well as CD8' T lymphocytes, suggesting a contribution of TCI cells to the production of
proinflammatory cytokines in sarcoidosis. We conclude that a Thl-like cytokine pattern can be
observed in CD4" as well as in CD8" BAL T lymphocytes in patients with pulmonary sarcoidosis.
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INTRODUCTION

Sarcoidosis is a chronic multisystem, granulomatous disease of
unknown aetiology. The lung is the most commonly involved
organ and progressive pulmonary inflammation which can result
in fibrosis can lead to respiratory impairment and death, if
untreated. In sarcoidosis the pulmonary interstitium is infiltrated
predominantly by activated, proliferating CD4* T lymphocytes
which can be recovered in bronchoalveolar lavage (BAL) [1,2].
These CD4™" T cells express surface antigens associated with cell
activation [1,3] and analysis of T cell receptor usage has suggested
that lesional CD4" T cells are oligoclonal [4]. Sarcoidosis has
been termed a ‘compartmentalized inflammation’ [5], since
activated lymphocytes are only present in involved organs while
cytokine release and expression of antigens associated with cell
activation from peripheral blood lymphocytes do not differ from
those of healthy volunteers [2,4,6].

IL-2 production by T lymphocytes residing in the lung of
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patients with sarcoidosis which in situ leads to proliferation of T
cells [7,8] and can enhance lymphocyte migration [9] has been
correlated with the number of lung T cells in sarcoidosis [7,8]. In
addition, increased expression of mRNA for interferon-gamma
(IFN-vy) in lymph nodes [10] as well as an increase in the
spontaneous release of IFN-y from mononuclear cells [11] has
been reported from patients with sarcoidosis. In a recent study
[12] which compared different techniques of intracellular cytokine
staining an increase in the expression of IFN-y was observed in
patients with sarcoidosis. Since the expression of IFN-vy in the
absence of IL-4 has been attributed to a particular subset of T
helper cells termed Thl-like T cells [13], it has been postulated
that Thl-like lymphocytes are involved in the pathogenesis of
sarcoidosis [10,14-16]. Accordingly, IL-4 concentrations were
not elevated in BAL fluid of patients with sarcoidosis [16], but IL-
4 gene expression has recently been detected by reverse
transcriptase-polymerase chain reaction (RT-PCR) in T cell
clones from patients with pulmonary sarcoidosis [17]. In addition,
elevated tumour necrosis factor-alpha (TNF-a) gene expression
has been shown in patients with sarcoidosis [10].

Although it has been hypothesized that the Th1-type cytokines
IL-2 and IFN-vy are produced by activated Th1-like lymphocytes,
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the concomitant expression of IL-2, IFN-vy, IL-4 and IL-13 has not
yet been studied systematically in sarcoidosis at a single-cell
level. In order to test the hypothesis that pulmonary sarcoidosis is
associated with an infiltration of the lung with T cells expressing
Th1 cytokines, we analysed the expression of IL-2, IFN-vy, TNF-
a, IL-4 and IL-13 in BAL T lymphocytes from patients with
sarcoidosis and healthy controls. We used a recently described
method to quantify intracellular cytokine expression by flow
cytometry [18,20]. This approach allows the simultaneous
detection of intracellular cytokine production and lymphocyte
surface antigen expression on single cells and can thus provide
insights into the frequency of T cells capable of producing
different cytokines, as well as into the relative amount of cytokine
produced by each individual cell.

MATERIALS AND METHODS

Materials

Antibodies specific for CD3, CD4, CD8, CD25, CD45, HLA-DR,
and isotype-matched control antibodies labelled with FITC, PE
and PE/CYS5 were obtained from Dako (Hamburg, Germany).
Antibodies specific for IL-2 (rat IgG2a, MQ1-17H12), IL-4
(mouse IgG1, MP4-25D2), IL-13 (rat IgG2a, JES10-5A2), IFN-y
(mouse IgG1, 4S.B3), and TNF-a (mouse IgG1, clone MAb11)
were all purchased from PharMingen (Hamburg, Germany). The
isotype-matched, directly conjugated (FITC, PE) control anti-
bodies were also obtained from PharMingen. Saponin, brefeldine
A, phorbolester (PMA) and Ca-lonophore A23187 were pur-
chased from Sigma (Deisenhofen, Germany) and Ficoll-Paque
from Seromed (Berlin, Germany). Dulbecco’s PBS was obtained
from Life Technologies Ltd (Paisley, UK).

Subjects

A total of eight patients (four females and four males, mean age
39-3 £ 9.7 years) who underwent bronchoscopy for routine
diagnostic evaluation of suspected pulmonary sarcoidosis were
included in the study. All patients had pulmonary involvement, as
demonstrated by a conventional chest x-ray corresponding to a
radiological classification of stage II or III sarcoidosis. The
diagnosis of pulmonary sarcoidosis was established in all patients
based on clinical criteria with confirmation of non-caseating
epithelioid granulomas on tissue biopsies. None of the patients
had evidence of an alternative diagnosis or exposure to any
inorganic material known to cause granulomatous disease, and
there was no evidence of such an exposure in histological sections.
Tuberculosis was excluded by a negative Mantoux skin test and
absence of auramine—rhodamine-positive rods in histological
sections of pulmonary biopsies. None of the patients had received
anti-inflammatory treatment with corticosteroids or other im-
munosuppressive therapy prior to inclusion into the study.

Nine normal healthy volunteers (four females and five males,
mean age 31-1 * 8-6 years) with normal pulmonary function,
who did not receive any current medication, served as controls.

All subjects were non-smokers and gave their consent after
being informed about the nature and purpose of the study. Local
ethics committee approval was obtained. Further patient char-
acteristics are listed in Table 1.

Bronchoalveolar lavage
Bronchoscopy was performed according to standard guidelines.
Thirty minutes prior to the procedure patients received 0-5 mg of

atropine and 12-5 mg codeine intramuscularly. Local anaesthesia
of the oropharynx was achieved by Novesine spray (Wander,
Switzerland) until gag reflexes subsided. Bronchoscopy was
performed using a Pentax EB-1830T2 videobronchoscope through
which 120 ml of normal prewarmed saline in aliquots of 20 ml
were instilled into a subsegment of the right middle lobe. BAL
fluid was then immediately aspirated by gentle hand suction into
plastic tubes and kept at 4°C on ice.

Processing of BAL cells

BAL samples were filtered through a two-layer sterile gauze into
sterile plastic vials (Falcon, Oxnard, CA), centrifuged at 4°C and
500 g for 10 min. The supernatant was removed and cells were
washed twice in PBS. The total cell number was counted using a
Neubauer haemocytometer (Brand, Wertheim, Germany). Differ-
ential cell counts were performed after Giemsa staining (Merck,
Darmstadt, Germany) of cell smears with 1000 cells per slide
counted.

Isolation of peripheral blood mononuclear cells

Venous blood was drawn into sterile plastic containers containing
02 ml EDTA (Sarstedt, Niimbrecht, Germany) prior to the
bronchoscopy and was separated on a gradient of Ficoll with a
density of 1-077 g/l for 20 min at 1330 g. The band of peripheral
blood mononuclear cells (PBMC) at the interface was collected
and washed twice.

Analysis of T lymphocyte subsets in BAL

PBMC and BAL cells were incubated in the presence of saturating
concentrations of fluorescein-conjugated MoAb against the sur-
face markers CD3, CD4, CD8, CD25, CD45, and HLA-DR for
20 min at room temperature in the dark. Non-specific fluores-
cence was detected by incubating mouse IgG of the same isotype,
but with irrelevant antigen specificity. After two washes with PBS
the cells were analysed by flow cytometry (FACScan; Becton
Dickinson, Heidelberg, Germany).

Analysis of intracellular cytokine expression in T lymphocytes in
PBMC from peripheral blood and BAL cells

Intracellular cytokine measurement was performed as recently
described [18,20]. Briefly, PBMC and BAL cells were stimulated
with 107® M PMA and 10~° M Ca-Ionophore A23187 for 4 h and
cytokine release was blocked by adding brefeldine A (10 wg/ml).
Subsequently cells were washed twice with PBS/1% fetal calf
serum (FCS)/0-1% NaNj and fixed in 4% paraformaldehyde in
PBS pH 7-4 for 15 min on ice. Cells were then incubated for
30 min at room temperature with PE-conjugated (PE/CYS)
MoAbs specific for CD3, CD4, or CDS. Following two washes
in PBS/1% FCS/0-1% NaNj the cells were permeabilized by using
0-1% saponin/PBS. Thereafter, cells were incubated with anti-
IL-2, -IL-4, -IL-13, -IEN-y, or -TNF-a for 20 min at room
temperature in the dark and then washed twice with 0-1% saponin/
PBS. Finally, the cells were resuspended in PBS and analysed by
flow cytometry. The percentage of positive cells was also
determined using isotype-matched IgG antibodies as a control.
The relative fluorescence intensity (RFI) was calculated as
intensity of cytokine staining/intensity of isotype matched control
antibody staining according to Nakamura et al. [34].

Statistical analysis
Data are expressed as arithmetic mean * s.d. After testing for
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Table 1. Lung function parameters of patients with sarcoidosis and healthy volunteers

CO-Diff.
Lung function TLC% IVC% FEV, % capacity CO-Diff. %
parameters TLC (1) (predicted) IVC () (predicted) FEV, (I) (predicted) (mmol/min/kPa/l) (predicted)
Controls 6813 103178 S50=x11 950=*x145 37=x08 1009 = 122 1-84 = 03 90-1 = 12.7
Patients with sarcoidosis 59 = 1.2 846 79 42=*+15 786 =* 184 32=*10 834 £ 176 1-64 = 02 80-4 = 109

TLC, Total lung capacity; TLC%, in % of predicted total lung capacity; IVC, inspiratory vital capacity; IVC%, in % of predicted inspiratory vital capacity;
FEV,, forced exspiratory volume of 1 s; FEV; %, in % of predicted forced exspiratory volume of 1 s; CO-Diff. %, CO diffusion capacity in % of predicted.

normality data were compared with Student’s z-test (paired and
unpaired) and correlated with Spearman’s rank correlation.

RESULTS

BAL differential cell count and analysis of lymphocyte
subpopulations

The total cell number, differential cell counts, and the percentage
of CD3%, CD4", CD8", CD25*, and HLA-DR™ lymphocytes, as
well as the CD4/CD8 ratio of both groups are listed in Table 2.
The percentage of lymphocytes (409 £ 17-5%  wversus
147 £ 6-4%) as well as the mean total lymphocyte count was
significantly elevated in the BAL fluid of patients with sarcoidosis
compared with healthy volunteers (P < 0-0001). In addition,
there was an increased expression of CD25 (13-4 = 5-1% wversus
7-3 £ 1-:3%, P = 0-01) as well as HLA-DR (15-2 = 3-4% wversus
6:2 £ 4.5%, P = 0-03) on BAL lymphocytes of patients with
sarcoidosis. Although the percentage of the CD4" lymphocytes
(64-3 = 17-8%) in BAL of patients with sarcoidosis was higher
than that of normal controls (53-4 £ 12-4%), this difference failed
to reach statistical significance. Similar results were obtained for
the CD4/CD8 ratio, which was 3-2 * 2.1 in patients with
sarcoidosis and 2-2 = 0-9 in controls (P = 0-214).

Intracellular cytokine production

Analysis of the intracellular cytokine expression of CD3" BAL
lymphocytes following in vitro stimulation with PMA/A23187
revealed a significantly elevated percentage of IFN-vy-positive
cells (75-5 £ 14:9%) in patients with sarcoidosis compared with
normal controls (32-:6 * 18-7%, P < 0-0001). Similar results
were obtained for IL-2 and TNF-«, which were expressed by
49-3 = 21-:3% and 68-3 = 18-7% of lymphocytes from patients
with  sarcoidosis compared with 145 = 15:6% and
36-8 £ 20-8%, respectively, in normal controls (each
P < 0-005) (Fig. 1). In addition, the intensity of the intracellular
cytokine expression as measured by the RFI for these three

cytokines (Fig. 1) was significantly elevated in lymphocytes from
patients with sarcoidosis (IFN-y 26-9 ® 12-8 versus 4.7 * 54
RFI; IL-2 54 = 29 wersus 1-2 = 0-3 RFI; TNF-a 12-1 £ 10
versus 3-5 * 3.2 RFI, respectively, in sarcoidosis versus normal
controls; all P < 0-05). The obtained values for the RFI for IL-2
clearly separated patients with sarcoidosis from normal controls.

The analysis of the expression of IL-4 and IL-13 in CD3"
lymphocytes revealed no statistical difference between patients
with sarcoidosis (IL-4 2-8 £ 1-8%, IL-13 4-0 = 2-7%) and
healthy volunteers (IL-4 3-3 * 3-1%, IL-13 4.0 = 2-7%). Using
double staining we were able to show that 74-8 * 13-:2% of all T
lymphocytes in patients with sarcoidosis expressed a Thl-like
cytokine pattern defined as IFN"/IL-4~ cells, compared with a
percentage of 32:0 £ 20-3% of the T lymphocytes in healthy
controls.

Furthermore, a close correlation was observed between the
RFI for intracellular IL-2, IFN-vy, and TNF-« and the percentage
of positive cells for the respective cytokine, suggesting that in
sarcoidosis not only the expression of these cytokines in single
cells but also the number of cells capable of producing the
cytokines in question is increased. Moreover, there was a close
correlation between the percentage of lymphocytes expressing
IFN-y and TNF-a (r = 0-94, P < 0-0001), between IFN-y and
IL-2 (r = 0-86, P < 0-0001), as well as between TNF-« and IL-2
(r = 0-86, P < 0-001) (Fig. 2), which was not observed for IL-4
or IL-13. In addition, there was a large number of cells which co-
expressed IFN-y and TNF-« (634 = 19:-8%).

In contrast to these findings in BAL lymphocytes, the
observed differences in intracellular cytokine expression were
not detectable in peripheral blood T lymphocytes from patients
with sarcoidosis and healthy volunteers (Fig. 1). In addition, we
could not find any significant differences in the percentage of
IL-4% (sarcoidosis 2:9 = 1-8% wersus normal 3-4 = 3-2%), and
IL-13" (sarcoidosis 4-0 = 2:.9% wersus normal 2-0 * 1.6%)
lymphocytes when patients with sarcoidosis and healthy volun-
teers were compared.

Table 2- Bronchoalveolar lavage (BAL): differential cell count, total cell count, percentage of CD4 ", CD8* and CD25" lymphocytes (CD3™), and CD4/

CDS8 ratio
Total cell count
BAL (x 10° cells) Lymphocytes CD4" cells (%) CD4/8 CD25™" cells (%)
Controls 69 * 3.14 x 10° 147 = 6-4% 534 = 12:4% 22 + 09 73+ 13%
Patients with sarcoidosis 154 * 7-85 x 10° 403 £ 16:3% 64-3 = 17-8% 3.1 £2.0 134 = 5-1%
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Fig. 1. Comparison of intracellular cytokine expression in patients with sarcoidosis (S) and healthy volunteers (N). (a) Relative mean
fluorescence (RFI) of IL-2 in bronchoalveolar lavage (BAL) and peripheral blood lymphocytes (CD3™"). (b) Percentage of IL-2* BAL and
peripheral blood lymphocytes (CD3 ™). (c) RFI of IFN-y in BAL and peripheral blood lymphocytes (CD3 ). (d) Percentage of IFN-y* BAL
and peripheral blood lymphocytes. (¢) RFT of tumour necrosis factor-alpha (TNF-a) in BAL and peripheral blood lymphocytes (CD3™"). (f)
Percentage of TNF-ar™ BAL and peripheral blood lymphocytes. **P < 0-005; *P < 0-05.

Analysis of cytokine production by CD4™ and CD8™ T lymphocyte

subpopulations

Analysis of T lymphocyte subsets revealed that IL-2, IFN-y and
TNF-a in sarcoidosis were expressed not only in the CD4"

lymphocyte subset but also by CD8" cells (Fig. 3). Although in
patients with sarcoidosis there was a trend towards a higher
percentage of CD8™" T cells expressing IFN-y following in vitro
stimulation compared with CD4™ T lymphocytes (85-8 + 6-4%
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Fig. 2. Correlations between IL-2", IFN-y™, and tumour necrosis factor-alpha (TNF-a)* bronchoalveolar lavage (BAL) lymphocytes
(CD3%) in patients with sarcoidosis (®) and healthy volunteers (O). (a) Correlation between IFN-y* and IL-2" cells. (b) Correlation
between TNF-a* and IL-2" cells. (¢) Correlation between TNF-a* and IFN-y* cells.

versus 72-9 £ 4.9%), this difference failed to reach statistical
significance. Likewise, there was no statistically significant
difference in the percentage of CD4" or CD8* lymphocytes
expressing IL-2 (CD4* 54-1 + 9-0%, CD8" 49-6 + 7-9%), TNF-
a (CD4" 723 + 6:1%, CD8" 699 *+ 5.9%), IL-4 (CD4™"
2:1 = 1-6%, CD8" 3.0 = 2-7%), and IL-13 (CD4" 4.8 * 4.0%,
CD8" 3.7 + 2.2%). Finally, there was no statistical difference
between the percentage of CD4" (724 = 10-1%) or CD8"
(853 = 7-3%) cells expressing a Thl-like cytokine cluster, as
defined by IFN"/IL-4 cells.

Correlation of surface markers, differential count and cytokine
expression

Expression of CD25 and HLA-DR has been associated with T
lymphocyte activation in sarcoidosis. In order to study whether the
expression of these surface antigens is a marker for the increased
production of IL-2, IFN-y, and TNF-« following in vitro
stimulation, in vivo expression of these surface markers was
correlated with intracellular cytokine expression in vitro. Expres-
sion of CD25 and HLA-DR was detected on 13-4 = 5-1% and
15-2 = 3-4%, respectively, of all BAL T lymphocytes in patients
with sarcoidosis and on 7-3 * 1-3% and 6-2 = 4-5% of normal
controls (P < 0-05). However, there was no correlation between
the expression of CD25 and any of the cytokines measured

intracellularly. This was different however, for HLA-DR expres-
sion, which correlated with IL-2 production (P = 0-048,
r = 0:56). Still, in patients with sarcoidosis the mean percentage
of cells expressing HLA-DR (15-:2%) was significantly lower
compared with the mean percentage of cells expressing intracel-
lular IL-2 (51-8%) in patients with sarcoidosis.

Furthermore, a close correlation was observed between the
RFI of IL-2 in BAL lymphocytes and the degree of lymphocytic
alveolitis as assessed by the total number of lymphocytes
recovered from BAL fluid of these patients (r = 0-82,
P = 0-042) (Fig. 4).

Correlation of cytokine expression and pulmonary function tests
There was a negative correlation between the percentage of IL-2*/
CD3" T lymphocytes (r = —0-64, P = 0-01) as well as the RFI
for IL-2 and the total lung capacity (TLC percentage of predicted)
(r=—0-67, P=0-006) (Fig.5). No other correlations were
found between parameters of pulmonary function and cytokine
up-regulation in patients with sarcoidosis.

DISCUSSION

Previous studies using bioassays have reported a spontaneous
production of IL-2 [7] and IFN-vy [11] from purified BAL T
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Fig. 3. Percentage of IL-2", IFN-y ™", tumour necrosis factor-alpha (TNF-a)* bronchoalveolar lavage (BAL) T lymphocytes of patients

with sarcoidosis separated according to CD4* and CD8" phenotype.
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Fig. 4. Correlation between IL-2 relative mean fluorescence (RFI) of
bronchoalveolar lavage (BAL) T lymphocytes and total BAL T
lymphocyte count of patients with sarcoidosis (@) and healthy volunteers
(©) (r = 0-82, P = 0-042).

lymphocytes and in BAL supernatants by ELISA [16]. Based on
these findings it has been hypothesized by several authors that
sarcoidosis is a Th1l-driven disease [14—16]. In a methodological
study comparing different methods of intracellular cytokine
staining, Krouwels et al. [12] reported an increased expression
of IFN-v in three patients with sarcoidosis as assessed by flow
cytometry. In keeping with these findings we could show in this
study that the number of T lymphocytes in patients with
sarcoidosis which express Thl-like cytokines such as IFN-y and
IL-2 are markedly increased compared with normal controls. Up
to 90% of the BAL lymphocytes of patients with sarcoidosis in
fact stained positive for these so-called Thl-like cytokines.
Furthermore, the intensity of staining per cell was also
significantly elevated in patients with sarcoidosis, suggesting an
increased cytokine production per cell. These findings contrast
with the results obtained for IL-4 and IL-13, which were similarly
expressed in patients with sarcoidosis and normal controls.
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Fig. 5. Correlation between the IL-2 relative mean fluorescence (RFI) of
bronchoalveolar lavage (BAL) T lymphocytes and total lung capacity
(TLC percentage of predicted) in patients with sarcoidosis (@) and healthy
volunteers (O) (r = —0-67, P = 0-000).

The pathogenesis of sarcoidosis has been closely associated
with a predominance of activated T helper lymphocytes [1,2],
namely in the early stage of this disease, and this is reflected by an
increased CD4/CDS ratio [21]. However, patients with longer
duration of disease may also have an increase in the numbers of
CD8" cells in BAL [22-24]. This might account for our
observation of an only slightly elevated mean CD4/CD8 ratio in
our patient population which consisted exclusively of patients
with radiologic stage II and stage III disease. In contrast to the
current hypothesis of a CD4" lymphocyte-mediated pathogenesis
of sarcoidosis, we were able to show that in addition to CD4"
lymphocytes IL-2, TNF-« and IFN-y are also produced by CD8"
lymphocytes. This finding is in contrast to the results of Saltini
et al. [1], who showed that the spontaneous production of IL-2
from BAL lymphocytes was higher in the CD4" subpopulation
compared with CD8" cells. However, this investigation was
limited to three patients with sarcoidosis. Our method of
intracellular cytokine detection however, is also limited by the
fact that it does not measure cytokine release but the potential of
cells to produce cytokines following a specific stimulus. Yet,
based on the percentage of cytokine-positive CD8 " cells as well
as the intracellular signal of these cytokines in individual cells, it
appears that CD8" T lymphocytes have the potential to produce
proinflammatory cytokines in a similar fashion to CD4™" cells, and
it can be speculated that CD8" T lymphocytes are also a relevant
source of these proinflammatory cytokines in patients with stage
II and III sarcoidosis.

In addition to IL-2 and IFN-y production we were able to
show that a high percentage of T lymphocytes in sarcoidosis also
produce TNF-«. Elevated concentrations of TNF-a which has
been shown to be the major cytokine involved in granuloma
formation [25] have previously been reported in BAL fluid of
patients with sarcoidosis [16]. Macrophages have been shown to
be a source of this cytokine [6,26]. Our findings imply that in
sarcoidosis T lymphocytes might be another source of TNF-a.
This assumption is supported by several other studies which have
demonstrated TNF-a production by T lymphocytes following
stimulation with two different stimuli (e.g. IL-2/anti-CD3 or
PMA/A21387) [27,28]. Similar to our observations, Ludviksson
et al. have recently shown an increased production of TNF-a by
CD4" lymphocytes in patients with Wegener’s granulomatosis
[29]. Thus, our findings are compatible with the assumption that
in sarcoidosis TNF-« is also produced by T cells.

It has been suggested that activated T lymphocytes proliferate
locally at the sites of sarcoid inflammation [3]. Pinkston et al. [7]
demonstrated a spontaneous proliferation of lymphocytes as well
as IL-2 production in situ which was not present in peripheral
blood of affected patients. Our findings of a close correlation
between intracellular IL-2 production in lymphocytes and the total
lymphocyte count in BAL suggest that IL-2 production is related
to the degree of lymphocytic alveolitis. Thus, although our results
were obtained with a completely different experimental setup,
they are in agreement with observations by other authors [5,7],
suggesting that inflammation in sarcoidosis is localized to the
involved organ.

Previous data have indicated that elevated concentrations of
spontaneously released IL-2 from cultured BAL cells can indicate
disease progression in sarcoidosis [30]. Interestingly, we found a
negative correlation between the RFI for IL-2 as well as the
percentage of IL-2" T lymphocytes and the total lung capacity (%
of predicted) of our patients, suggesting that the IL-2 up-regulation
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in sarcoidosis is related to the impairment in pulmonary function.
Whether however, analysis of intracellular IL-2 production in
BAL lymphocytes following in vitro stimulation can also yield
prognostic information remains at present unclear. Comparative
studies with other interstitial lung diseases are needed to
investigate whether intracellular cytokine staining might be useful
in the diagnosis of sarcoidosis.

Activation of T Ilymphocytes in sarcoidosis has been
associated with the expression of surface antigens such as CD25
and HLA-DR [1,3]. Our observation however, that the percentage
of lymphocytes which can produce Thl-like cytokines upon in
vitro stimulation by far exceeds the number of CD25" ™ HLA-
DR™ cells, suggests a preactivation of these cells in vivo which
however, was not present in cells in peripheral blood. Similar to
previous investigations [30,31] there was no correlation between
CD25 expression and intracellular IL-2 production. However, in
contrast to previous findings [32], in our study we found a
relationship between HLA-DR expression on BAL lymphocytes
which has been reported as a marker of progression of sarcoidosis
[32] and IL-2 production in vitro.

Our finding of a close correlation between IFN-y, TNF-a and
IL-2 (P < 0-000 O1, r > 0-85) suggests a common mechanism of
up-regulation of these cytokines. A close relationship and
reciprocal activation between BAL lymphocytes and macrophages
resulting in granuloma formation has been suggested [6].
Although not further investigated in our study, macrophage-
derived cytokines such as IL-12 which causes a Thl shift in
lymphocytes [33] or IL-15, which similar to IL-2 can induce T cell
proliferation [19], could be related to the marked overproduction
of Th1-like cytokines by BAL lymphocytes observed in our study.

In conclusion, we provide evidence that a Thl-like cytokine
pattern can be found in single lymphocytes of the CD4 as well as
the CD8 phenotype in patients with stage II-III sarcoidosis.
Intracellular cytokine staining might be useful to study cytokine
expression in sarcoidosis. Although our results strongly suggest
that this method might also aid in the diagnosis and monitoring of
sarcoidosis, further studies are required to address those questions.
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