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Increased levels of soluble serum interleukin-2 
receptor in extrinsic allergic alveolitis correlate 
with interleukin-2 receptor expression on 
alveolar macrophages 
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In a group of 20 patients with extrinsic ullergic alveolitis (i0 with farmer’s lung, 9 with 
bird-hreeder:s lung, and 1 with humidifier’s lung), we obse.wed increased levels of soluble serum 
interleukin-2 receptor (ssIL-2R) with an average of 75.2 pm01 (control group average, 40.6 
pmol). Analysis of bronchoalveolar lavage cells by immunocytochemistly with a CD25 antibody 
revealed only a slight increase to 4.2% IL-2R + cells among alveolar lymphocytes but a 
pronounced rise to 21.2% IL-2R + cells among alveolar macrophages. Furthermore, cytometry 
revealed a fou$old higher IL-2R expression on a per cell basis for alveolar macrophages as 
compared with alveolar lymphocytes. A clear-cut positive correlation (p = 0.006) was found for 
SSIL-2R and IL-2R + alveolar macrophages, but only a borderline correlation was found for 
ssIL-2li and IL-2R t alveolar lymphocytes (p = 0.04). The finding of a concomitant decrease 
of IL-2R f alveolar macrophages and of SSIL-2R on alleqen avoidance further supports the 
notion that alveolar macr0phage.r may be the main source of the increased SSIL-2R in patients 
with extrinsic alle@c alveolitis. (J ALLERGY CLIN IMMUNOL 1994;94:1057-64.) 
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Extrinsic allergic alveolitis (EAA) or hypersensi- 
tivity pneumonitls is an interstitial lung disease, 
caused by inhalation of allergens derived, for in- 
stance, from birds or from moldy hay. Immune 
complex formation by precipitating antibodies was 
originally believed to initiate inflammation, but 
IgE-mediated mechanisms have been implicated 
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Abbreviations used 
AL: Alveolar lymphocytes 

AM: Alveolar macrophages 
BAL: Bronchoalveolar lavage 
EAA: Extrinsic allergic alveolitis 

IL-2R: Interleukin-2 receptor 
mAb: Monoclonal antibody 
OD: Optical density 

ssIL-2R: Soluble serum interleukin-2 receptor 

as well.‘, ’ The histopathologic course is character- 
ized by infiltration with mononuclear cells and by 
granulorna formation in the lung. This is reflected 
in the dramatically increased numbers of both lym- 
phocytes and alveolar macrophages (AMs) in 
bronchoalveolar lavage (BAL). These cells show 
signs of .activation in that there is, for instance, an 
increased expression of HLA Class II on AMs.‘, 4 
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FIG. 1. Soluble serum IL-2R levels in patients with EAA 
and control subjects. Determination of soluble IL-2R (Y 
chain was done by ELISA with two mAbs. EAA group 
versus control group significant at p < 0.001. 

Thus is appears that EAA may represent a cell- 
mediated immune reaction, whereas precipitating 
antibodies are merely markers of exposure. 

Activation of both lymphocytes and monocytes 
or macrophages can be exerted by the lymphokine 
interleukin-2 (IL-2), which acts through the in- 
ducible ~55, ~75 IL-2 receptor (IL-2R).‘, ’ In 
this report we can in fact demonstrate a 
pronounced expression of the IL-2R ~55 (Y chain 
on AMs in EAA, and this accompanies an in- 
crease in the serum level of the IL-2R OL 
chain. These data suggest that increased levels of 
soluble serum IL-2R (ssIL-2R) in EAA may be a 
useful indicator of local inflammation and, more 
specifically. may reflect the degree of activation of 
AMs. 

METHODS 
Study population 

Twenty patients with EAA (10 women and 10 men), 
between the ages of 20 and 63 years, were investigated. 
The diagnosis was based on a history of antigen expo- 
sure, typical clinical features (dyspnea, cough, chills, 
weight loss, fever), diffuse opacities on chest x-ray films, 

and the l’unctional pattern of interstitial lung disease. 
Pulmonary function tests included dynamic spirometry, 
flow volume spirometry, blood gas analysis, and single- 
breath diffusing capacity. AI1 patients had precipitating 
antibodies against the relevant antigens as determined 
by Oucherlony assay, kindly performed by Dr. de- 
Haller, Geneva, Switzerland. As a control group, five 
apparently healthy volunteers (nonsmokers) were ex- 
amined. Clinical evaluation showed no pulmonary ab- 
normalities in these subjects. The study was cleared by 
the Ethics Committee of the Medical Faculty, Univer- 
sity of Munich. 

Assay for sslL-2R 

The assay for the ssIL-2R is an ELISA that uses two 
monoclonal antibodies (mAbs) directed against differ- 
ent epitopes of the IL-2R c1 chain (Immunotech, 
Marseille, France). The first antibody is coated on the 
surface of wells of a microtiter plate. The samples to be 
measured are incubated in these wells, a second mAb 
conjugated with alkaline phosphatase after antibody 
titration was added. p-Nitrophenyl phosphate was used 
as a substrate. The standard curve was determined by 
six standards. Serum samples were obtained from all 
persons who underwent the study, frozen at -20” C, 
and analy,zed. 

BAL 

After .nformed consent was obtained, all patients 
underwent fiberoptic bronchoscopy and BAL. Lavage 
was performed by instilling 160 ml of 0.9% saline 
solution in 20 ml aliquots into the lingula or middle 
lobe and withdrawing the fluid immediately. Total cell 
counts were determined, and cytocentrifuge smears 
were prepared for cytologic and immunocytochemical 
analysis. Differential counts of 100 cells were made 
(Wright-Giemsa staining). 

Immunocytochemistry 

For immunocytochemical staining, mAbs were used 
in conjunction with the alkaline phosphatase antialka- 
line phosphatase technique.’ For identification of the 
IL-2R on AMs and lymphocytes, the CD25 mAb 
ACT-l was used. To control for nonspecific binding, a 
separate slide was stained in parallel with a CD8 
antibody, which produces no antigen-specific signal with 
macrophages. T-cell subsets were identified with CD4 
and CDS monoclonal antibodies. All mAbs were ob- 
tained from Dakopatts (Hamburg, Germany). Alveolar 
lymphocytes (ALs) always produce strong staining for 
these markers, which is clearly discernible from back- 
ground SI aining. Hence, for the enumeration of positive 
lymphocytes, the slides were analyzed visually by light 
microscopy, and a total of 200 cells were counted by two 
indepenc!ent investigators. In selected samples, IL- 
2R+ lymphocytes were also evaluated by cytometry 
(see below). 
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TABLE I. BAL characteristics of patients with EAA and healthy control donors 
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BAL 

Group 
Age 
WI 

Sex Recovery AM AGr CD4lCD8 
WV) S/NS (cells x 106) (%I (%I ratio 

EAA (n = 20) 51 -+ 13 lO/lO 1119 30.5 t 26.7* 42 k 19* 44 f 25* 4k-2 0.92 1.2 
Control (n = 5) 31 -+ 5 312 015 4.3 k 1.4 so 2 3 7i3 2+-l -. 

SINS, Smoker/nonsmoker; AGr, alveolar granulocytes. 
*p < 0.005. 

Cytometry 

Staining of AMs for CD25 results in a broad distribu- 
tion of staining intensities with the difficulty of discrimi- 
nating weakly positive and negative cells by eye. There- 
fore these cells were evaluated by cytometry. For these 
analyses, 100 cells or more per specimen were studied, by 
using a microscope (Zeiss UEM, objective magnification 
x 25, num. ap. 0.55, optovar 1.6, filter OG 455 nm; Carl 
Zeiss Inc., Thornwood, N.Y.) and CCD-TV camera 
(Hamamatsu Corp., Bridgewater, N.J.). Each cell was 
segmented semiautomatically or interactively and was 
measured with a SAMBA image analysis system (Dyna- 
tech Laboratories, Inc., Chantilly, Va.) and the program 
MINT 5.’ This program performs a standardized mea- 
surement for optical density (OD), including shading 
correction. The OD readings were corrected by subtract- 
ing the background of the respective slides. The selected 
images were digitized into 512 x 512 pixels, resulting in 
pixel distances of 0.273 km. Transmission was per- 
formed pixelwise into extinction and digitized into 256 
channels (8 bit). Mean specific staining intensity was 
determined by subtraction of the mean OD for the con- 
trol (CD8) staining from the mean OD for the specific 
(CD25) staining. 

or only very few IL-2R + cells can be observed. In 
patients with EAA, however, the CD25 antibody 
clearly stained a large proportion of AMs (Fig. 
2,A), whereas the CD8 control antibody produced 
only a background signal on these cells (arrows in 
Fig. 2,6:). In addition, a few lymphoid cells (small 
a~‘ow in Fig. 2, A) were positive for CD25. 

Statistics 

For comparison of patients and control subjects, 
Student’s t test was used, and correlation analysis was 
done with the Kendall test. 

RESULTS 
Soluble serum IL-2 receptors 

Enumeration of positive cells by cytometry 
demons:rated an average of 1.5% +- 2.0% of AMs 
and 0.4’% ? 0.8% of ALs positive for IL-2R in 
control donors. In patients with EAA 21.2% of 
AMs were positive for IL-2R. This includes three 
patients with less than 10% CD25-positive AMs 
and one patient with more than 50% positive 
AMs (Fig. 3). In contrast, lymphoid cells of pa- 
tients with EAA exhibited less staining, with an 
average of 4.2% positive cells, and the highest 
value of 10% IL-2R+ lymphocytes was observed 
in only ;I of 20 patients. Thus when AMs and ALs 
are compared, it is evident that the majority of 
IL-2R-positive cells are AMs. In addition, al- 
though .the small lymphoid cells have a high cell 
surface density, the amount of IL-2R on a per cell 
basis is higher on AMs. This can be demonstrated 
by cytometric evaluation of specific OD, which is 
385 2 161 channels for AMs compared with 
86 t 28 channels for ALs (n = 3). Thus on a per 
cell basis, the IL-2R-positive ALs exhibit a four- 
fold hig.ner expression of this receptor molecule. 

In 13 of 20 patients with EAA, values for 
ssIL-2R were above the control range (~50 
pmol), and the average value for all patients was 
75.2 pmol/L, whereas the average value for con- 
trol donors was 40.6 pmol (Fig. 1, Table I). Levels 
of ssIL-2R did not correlate with age, sex, or type 
of allergen (data not shown). 

The high expression of IL-2R on AMs in EAA 
suggests that AMs are a likely source of ssIL-2R. 
Correlation analysis revealed a higher significant 
correlation of ssIL-2R and CD25+ AMs (p = 
0.006, r = 0.4) (Fig. 4), whereas only a borderline 
correlation was observed with CD25 + ALs @ = 
0.04). These data suggest that ssIL-2R may be 
derived from AMs. 

Cell surface IL-2 receptors on lavage cells Effect of allergen avoidance after challenge 

To identify the source of ssIL-2R, we studied the Two patients were studied directly after allergen 
cell surface expression of IL-2R on BAL cells by exposure and several weeks after strictly avoiding 
using immunocytochemistry. In control donors no allergen contact. Lavage cells directly after expo- 



1060 Pforte et al. J ALLERGY CLIN IMMUNOL 
DECEMBER 1994 

FIG. 2. Expression of IL-2 receptors on AMs in EAA. Cytospin preparations of lavage cells were 
stained by the alkaline phosphatase anti-alkaline phosphatase technique with a CD25 mAb (A) or 
with a CD8 control antibody (B). Arrow in panel A indicates an IL-2R+ lymphocyte. Arrows in 
panel B indicate negative AMs. 

sure showed high percentages of CD25+ AMs 
with 27% and 19% (Fig. 5) whereas percentages of 
CD25 + ALs were low (10% and 7%). After aller- 
gen avoidance, expression on AMs decreased by a 
factor of about 1.5, whereas there was no obvious 
change in percentage of CD25+ ALs. Levels of 
ssIL-2R were high immediately after allergen chal- 
lenge (110 and 120 pmol) and decreased by a factor 
of 1.5 after allergen avoidance. Thus the concomi- 
tant decrease of IL-2R + AMs and of ssIL-2R pro- 
vides further support to the notion that ssIL-2R 
may be derived from AMs. 

DISCUSSION 

IL-2 is a cytokine produced by activated T cells, 
and although it has recently been demonstrated 

by targeted disruption of the IL-2 gene in trans- 
genie mice that absence of IL-2 is compatible with 
life,’ it is still clear that IL-2 is essential for a 
normal immune response.“. “I IL-2 acts through 
binding to a specific cell surface receptor, initially 
discovered on T lymphocytes.” Although resting 
T cells express an intermediate affinity IL-2 re- 
ceptor 13 chain (p75),“, ” activation by appropri- 
ate stimulation including IL-2, will induce the ~55 
(Y chain (CD25 Tat), resulting in the high affinity 
(Y, l3 heterodimer.“‘, I4 This high affinity IL-2R can 
also be induced on B cells,” monocytes,“‘*‘” and 
macrophages.“’ Binding of IL-2 to this unique 
heterodimeric receptor will induce proliferation 
and cytotoxicity in T cells,” ” differentiation and 
immunoglobulin production in B cells.“‘. “ and 
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FIG. 3. Expression of IL-2R on BAL cells in patients with tiAA and control subjects. Cytospin 
preparations were stained with antibody or CD8 isotype control. Staining of large (> 14 pm) AMs 
was evaluated by cytometry, and percent positive cells was calculated by subtracting CD8 control 
staining from specific CD25 staining. AL staining was counted visually. Differences for both AMs 
and ALs were significant at p < 0.005. 

cytotoxicity and cytokine production in mono- 
cytes.“. 23 Hence, it is obvious that IL-2, by 
acting through its specific receptor, may induce 
a plethora of effects contributing to inflam- 
mation. 

In inflammatory disease, such as rheumatoid 
arthritis and Crohn’s disease, elevated levels of 
IL-2 have been detected in serum.“. ” In lung 
disease elevated levels of spontaneously produced 
IL-2 were detected in supernatants of lavage cells 
from patients with sarcoidosis.Z6 Furthermore, ex- 
pression of IL-2 receptors on lymphocytes3, *7 and 
macrophages” was noted in these patients. In 
contrast, only one study on EAA addressed that 
IL-2/IL-2R system, and in this study there was no 
clear-cut increase of CD25-t T cells (2% in the 
control group compared with 4% in the EAA 
group).28 In this report we observed a similar low 
level expression of IL-2R on EAA lung lympho- 
cytes (average, 4%). The notable finding in our 
report is, however, the expression of CD25 + on 

AMs in EAA. AMs and ALs, each account for 
approximately 40% of the lavage cells in EAA. 
Considering that five times more of the AMs than 
ALs are positive for CD25 (20% vs 4%) and that 
on a per cell basis CD25 was found to be fourfold 
higher on AMs compared with ALs, it is clear that 
an EAA IL-2R expression on AMs by far exceeds 
expressEon on ALs (approximately 20-fold). As- 
suming that IL-2 is produced locally when sensi- 
tized individuals are exposed to allergen, we may 
speculate that IL-2 activates ALs and AMs for 
product:lon and release of other inflammatory 
mediators, thereby initiating and perpetuating the 
inflammatory response. 

Thus IL-2 and IL-2R expression may be an infor- 
mative tool with which to evaluate activity of dis- 
ease in EAA. There is, however, no ready access to 
AL cells in these patients. Still, the local expression 
of cellular IL-2 receptors may be reflected in in- 
creased levels of soluble IL-2 receptors. Such sol- 
uble IL-2 receptors, representing the cx chain have 
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FIG. 4. Correlation of sslL-ZR and IL-2R expression on alveolar cells. Left panel, AMs. Right 
panel, ALs. 
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FIG. 5. Effect of allergen avoidance on sslL-2R and cell-associated IL-2R. Patients were studied 
before and 4 to 6 weeks after allergen avoidance. l = sslL-PR; o = IL-2R+ AMs; 0 = IL-2R+ 
ALs; broken line, patient 1; solid line, patient 2. 

been detected in the supernatants of lymphocyte? average fourfold increase of ssIL-2R was noted in 
and in body fluids, and ssIL-2R may be increased active disease, but not in inactive disease or after 
by several times in various diseases, which involve steroid treatment,29, ” suggesting that ssIL-2R may 
active immunologic processes.6 In sarcoidosis an be useful for disease monitoring. 
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For EAA, we report here for the first time, 
elevated levels of ssIL-2R, with some patients 
exhibiting normal values of ssIL2R, but at the 
same time they showed increased lL2R expres- 
sion on AMs. This discrepancy could not be 
explained by any clinical characteristic. We could 
not detect any CD25 + mononuclear cells in pa- 
tient blood (not shown), whereas at the site of 
local allergen exposure in the lung, a strong up- 
regulation is noted, suggesting that ssIL-2R is 
derived from the lung. It can, however, not be 
excluded that circulating CD25 + cells in the lung 
compartment may contribute to ssIL-2R levels. 
Furthermore, the higher expression of CD25 on 
AMs suggests these cells to be a likely source of 
ssIL-2R. This contention is also supported by the 
allergen avoidance studies, which documented a 
concomitant decrease of ssIL-2R and of CD25 + 
AMs, whereas the low percentage of lymphocytes 
remained stable. Thus in contrast to the widely 
accepted assumption that ssIL-2R is derived from 
7‘ cells, our data suggest that ssIL-2R in EAA may 
be derived from AS.. These data are obtained 
from patients in different stages of EAA, but it 
appears that SSIL-2R may be a useful parameter 
for monitoring disease activity and allergen expo- 
sure in patients with EAA. 
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