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Background : The natural course of sarcoidosis is variable from spontaneous remission to significant
morbidity or death. So the assessment of disease activity is important but no single parameter was
generally accepted as a good marker. Recently several studies suggested that adhesion molecules, es-
pecially ICAM-1 can be a marker, but there are some controversies. And only few data are available
about the relationship of ICAM-1 with clinical follow-up course.
Methods : We measured the expression of adhesion molecules on BAL cells by flow cytometry and
the level of soluble ICAM-1(sICAM-1) in serum and BALF at the time of diagnosis in 12 patients
with active disease and 7 inactive sarcoidosis(5 male, 14 female, mean age | 39.4 +10.7 years, mean
follpw—up : 20+15 months). Follow-up clinical course were compared with the changes in serum
sICAMA-1 level and the adhesion molecule on BAL cells. ;
“Results : In the patients with active disease, the ICAM~1 on AM(RMFI : 3.68+1.71) and sICAM-1
level in serum(582+ 193 ng/ml) and BAL fluid(47.8 +16.5 ng/ml) were all higher than those of 7 in-
active disease(RMFI : 1.89+£0.75, p=0.0298, serum . 294+ 117 ng/ml, p=0.0049, BALF : 20.9£8.3
ng/ml). In the active sarcoidosis, ICAM-1 on AM(RMFI : 1.51 +0.84) and serum sICAM-1 were de-
creased after the therapy(250+147 ng/ml} but no significant change was noted in inactive disease.
Also we found the initial ICAM-1 on AM and serum sICAM-1 had a significant correlation with the
degree of improvement in PFT after the therapy. During the follow-up, the disease relapsed in 4 pa-
tients after the discontinuation of steroid and the serum sICAM-1 level went-up again at the time of
relapse.
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Conclusion : Our data suggest that the serum sICAM-1 level and the ICAM-1 expression on AM

can be a good marker of disease activity and also a predictor of outcome in sarcoidosis.

Introduction

Sarcoidosis is a multisystemic chronic nonca-
seating granulomatous disease of unknown etiol-
ogy, predominatly involving intrathoracic organs
Y. The natural course of the disease is variable
from spontaneous remission to continuous pro-
gression resulting in significant morbidity or
death in 25~30% of the patients?.
Corticosteroid is the most widely used drug for
the sarcoidosis to prevent ocular and pulmonary
fibrosis and to overcome abnormal calcium me-
tabolism but longterm use casued serious side ef-
fects®. But starting the treatment too late in fi-
brotic phase, then no patient will be improved.
So it is important to know at the time of diagno-
sis whether the patient’s disease will remit spon-
taneously or deteriorate without terapy. Radio-
logic findings or pulmonary function test results
are known to have poor correlation with the dis-
ease progression. Several different parameters,
like Gallium scan, serum angiotensin converting
enzyme level(SACE), *"Tc-DTPA scanning,
total lymphocyte counts or T4/T8 lymohocytes
ratio in BAL fluid, serum lysozyme, or soluble
IL-2 receptor level were all studied but the
results were often contradictory and none was
proved to be a satisfactory marker*'¥. Recently
it has been known that the activation of
adhesion molecules is required for the migration
of the inflammatory cells to the loci of disease!®~
% and the expression of the adhesion molecules
and their ligands is increased in various kinds of

chronic inflammatory diseases'**. Among the

ICAM-1

endithelial cells is a ligand for beta2-integrin on

adhesion molecules, present on
neutrophils, lymphocytes and other leukocytes
and it plays an important role in migration of
these cells. But recently ICAM-1 is known to be
present not only on endothelial cells but also on
various kinds of cells including macrophages and
epithelial cells®®. Sarcoidosis is a kind of granu-
lomatous inflammation caused by activated mac-
rophages and lymphocytes, and the expression of
ICAM-1 was reported to be increased on
alveolar macrophages(AM), epthelioid cells, and
giant cells in sarcoidosis® %", The soluble com-
ponents of ICAM-1(sICAM-1) is thought to be
shed from the cell surface during binding to the
ligand, its concentration in serum or extracellu-
lar fluid may reflect the degree of cell infiltra-
tion or activation®™. There are several studies
about the adhesion molecules and sICAM-1 in
sarcoidosis but the results were controversial®*~%
-30~3 - And there are only two reports about the
change in the serum sICAM-1 level with the fol-
low-up clinical data. The purpose of this study is
to test the possibility of adhesion molecules as a
marker of disease activity of sarcoidosis not only
by measuring the expression of adhesion mole-
cules on BAL cells and the serum soluble ICAM
-1 level at the time of diagnosis but also compar-

ing them with the clinical follow-up data.

Subjects and Method

1) Subjects

We studied on 19 patients who were diagnosed
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as sarcoidosis by compatible clinical findings and
the biopsy(transbronchial lung biopsy : 16,
mediastinoscopic biopsy : 3, and skin biop-
sy . 3). The mean follow-up period was 20+15
months. The activity of the disease was assessed
by the criteria by Boudouin et al”. The active
disease was defined as (1) newly developed sig-
nificant respiratory symptoms such as dyspnea
and cough with decreased lung function at the
time of diagnosis. (2) newly evolving or pro-
gressing radiological abnormality or pulmonary
function during the follow-up. Twelve patients
had active sarcoidosis by this criteria and 7 pa-
tients had inactive disease. All patient had lung
involvement and one of the active sarcoidosis
had pericardial effusion in addition to lung dis-
ease. As a control group, 9 healthy normal vol-
unteers without respiratory symptoms or atopic
diseases were studied. The demographic features
and the clinical data were shown in Table 1.
This study was approved by the Asan medical
Center Ethics Committee.

Table 1. Demographic features of the subjects

2) Methods

At the time of diagnosis, in additon to the de-
tailed history and physical exmination, routine
pulmonary function tests including the diffusion
capacity(Sensor Medics), chest radiology with
HRCT, slit lamp examination, measurement of
serum angiotensin converting enzyme level,

serum calcium level and 24 hour urine calcium
excretion, and bronchoalveolar lavage(BAL)

with 50 ml aliquats 5 times, were done. BAL
fluid was centrifuged at 2,000 rpm for 10 min-
utes and the supernatant was stored at —70C

until the measurement. Total cell count was
done with hemocytometer and the differential
count was performed on the cytospin slide with

Diff, Qick stain by counting 300 cells. T4 and T8

lymphocytes, and the IL-2 receptor{+ ) lympho-
cytes were measured by flow cytometry after
the incubation with monoclonal antibody.

Adhesion melecule expression on BAL cells were

measured by flow cytometry after reacting 50

L of 1x107 BAL cells with phycoerythrin -

Sarcoidosis
Normal - -
Inactive Active
~ Number 9 7 12
Gender(M : F) §:0 3:4 2:10
Age 36.6+10.5 39.4+107 38.4:+8.5 39.9+12.2
Smoker 0 2 2
Nonsmoker 8 5 8
Ex-smoker 1 1 1
FVC(%pred) 83.9+185 95.6+104 77.2£19.0*
DLCO( %pred) 84.5+22.1 96.0+12.8 77.8+24.0%

*p<0.05 compared to inactive sarcoidosis
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labelled monoclonal antibody for ICAM-1
(Becton-Dickins) and CD18 at 4C for 40 min-
utes. To eliminate the effect of autofluorescence
of AM, we measured the mean fluorescence in-
tensity(MFT) of AM after the incubation with
idiotype control antibody and the MFI of AM re-
acting with anti-ICAM-1 antibody. The ICAM-
1 of AM was expressed as a relative mean fluo-
rescence intensity(RMFT), which is the ratio of
MFI emitted by the bound ICAM-1 antibody to
MF1 of isotype control antibody®™. Scluble ICAM
-1 level in serum and BAL fluid was measured
by ELISA kit(R & D System, Minneapolis,
USA). For the correction of dilution effect in
BAL fluid, some researchers used the ratio of
solutes(ex. sICMA-1) to albumin, but it has
been shown that this standardization caused
more variation of the data’®. Especially in in-
flamed state, that ratio to albumin is lower than
in non-inflamed state, so we used measured

value of sSICAM-1 without correction.

3) Statistical analysis

Nonparametric method was wused. Mann-
Whitney U test was used for the comparison be-
tween twe groups, and Spearmann rank correla-
tion coefficient was calculated for the correla-
tion between two parameters. All the statistical
analysis were done with Macintosh Statview pro-

gram.

Result

1) BAL fluid finding

The number of total cells, the number of AM,
the percentage and the number of lymphocytes,
and CD4/CD8 lymphocyte ratio in BAL fluid of
the patients with sarcoidosis were significantly
higher than those of control group(Table 2).
But none of these parameters could differentiate

the active sarcoidosis from inactive disease.

2) Expression of Adhesion Molecules

The ICAM-1 expression of the AM of the pa-
tients with active sarcoidosis was significantly
higher (RMFI : 3.68 +£1.71) than not only normal

Table 2. The comparison of BAL findings between active and inactive sarcoidosis

Sarcoidosis
Normal - -

Total Inactive Active
Total cell( x 10°/mé) 0.88+0.43 2.14 £0.89* 1.81+1.01 2.37+0.76
AM(%) 88.3+7.6 51.9+17.9* 57.0+21.0 49.0+46.3
AM No.( x10¢/mé) 7.79+3.16 13.1£6.9* 9.4+3.8 14.0+74
Lymphocyte( %) 11.0£7.3 44.9+20.3* 38.1%21.6 48.6 £19.6
Lymphocyte No.( % 10*/mf) 1.08 £0.96 10.3+8.9* 5.68+4.50 12.4+£9.77
Neutrophil(% ) 0504 2.2+4.8 0.5+0.5 2.9+5.7
T4/T8 1.52+£0.96 4.11+£2.63* 4.03£3.56 4.15+£2.56
IL-2R(+) lymphocyte( %) 8.62£8.88 8.10+5.01 8.95+7.35 7.59+3.3

* . p<0.05 compared to control group
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control(0.94 +0.17) but also inactive disease (1.
89+0.75, p=0.0208). The sICAM-1 level in
serum was also significantly elevated(582+193
ng/ml) in patients with active disease compared
to inactive disease(294+117 ng/ml, p=0.0026)
and normal conirol(199 +38.9 ng/mi). The pa-
tients with active disease had a significantly
higher sICAM-1 level in BAL fluid than normal
and also incative disease(p=0.0042) (Table 3).
The ICAM-1 expression on AM had a signifi-
cant correlation with sICAM-1 level in serum(p
=0.004, rho=0.7) and BAL fluid(p=0.0337,
rho=0.4). Also there was a significant correla-
tion between sICAM-1 level in serum and BAL
fluid(p=0.0055, rho=0.6). The ICAM-1 expres-
sion on AM correlated significantly with the
total cell number and percentage and the num-
ber of AM in BAL fluid, suggesting the role of
ICAM-1 in the accumulation of AM in the
alveolar space. The similar correlation was
noted between the sICAM-1 in BAL fluid and
the cell number and the pattern(data were not

shown).

3) Changes in ICAM-1 expression during the
follow-up period.
During the follbwmp period, the intially high
serum sICAM-1 level was decreased from 582 &
193 ng/ml to 294 4117 ng/ml in active sarcoido-
sis patients. In 6 patients who had repeated
BAL study during the follow-up, ICAM-1 ex-
pression on AM was also reduced from 3.68+1.
71 to 1.51 £0.837 after the steriod treatment. In
4 patients, the disease relapsed after the
discontinution of steroid treatments due to the
severe side effects. The serum sICAM-1 level
changed in parellel with the clinical course : it
also went up at the time of relapse and in one
patient, it came down again after the
readministration of steroid with the relief of the
symptoms(Fig. 1). Finally to assess whether
'ICAM-1 level can predict the patient’s future
outcome, we analysed the relationship between

the initial ICAM-1 level and the change in PFT.

Table 3. The comparison of BAL findings between active and inactive sarcoidosis

Normal Sarcoidosis
Total Inactive Active

Alveolar macrophage

ICAM-1 0.94+0.17 3.05+1.67* 1.89+0.75* 3.68:£1.71%*

CD 18 3.10£3.11 3.16+1.82 2.86x+1.11 3.36 £2.26
Lymphocyte

ICAM-1 2.52+1.40 3.59+1.56 3.68+1.94 3.53+1.35

CD-18 6.93+6.60 22.6+13.7* 274+12.8* 19.8+14.4
Serum sICAM-1 199 +38.9 480 +218* 294 +117 582 +193**
BAL fluid siICAM-1 12.8+6.9 - 37.8+184* 25.24+10.3% 1 46.6+17.8**

* : p<0.05 compared to control group
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Fig. 1. The change in serum sCIAM-1 level dur-
ing the course of the disease in 4 patients
with sarcoidosis.

There was a significant correlation between the
initial ICAM-1 expression on AM and the de-
gree of improvement in FVC after the steroid
therapy(Fig. 2). Also the initial SICAM-1 level
in serum had a significant correlation with the
change in FVC and DLCO(p=0.0437, rho=0.7).
These data suggest that the ICAM-1 expression
on AM and sICAM-1 level in serum may be
used as a marker of activity in sarcoidosis and
also a predictor of prognosis. Serum angiotensin
converting enzyme level was significatly higher
in the patients with sarcoidosis than control
group but it cannot distinguish active sarcoidosis
from inactive disease. Also there was no signifi-
cant correlation between the serum ACE level
and serum sICAM-1 level,

r= 0.7, p = 0.0077

Initial ICAM-1 on AM (BMF!)

0 T T
-10 0 10 20

Change in FVC (% pred.)

Fig. 2. Correlation between the initial ICAM-1
expression on alveolar macrophage( AM)
and the degree of FVC improvement
after the therapy in patients with sar-
coidosis.

Discussion

Qur finding of increased ICAM-1 expression on
AM and increased sICAM-1 in serum and BAL
fluid in active sarcoidosis than inactive disease
suggests that the ICAM-1 is a marker of disease

activily. Furthermore the change in serum
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sICAM-1 level in parellel with the clinical course
of the patients strongly supports this possibility.
And also the initial ICAM-1 expression on AM
and serum sICAM-1 levels had a significant cor-
relation with the improvement in lung function
after the therapy suggests the possibility of
ICAM-1 as a predictor of the patient’s outcome.
The association of adhesion molecule with sar-
coidosis was first reported by Melis who found
increased expression of ICAM-1 and its ligand,
leukocyte function associated antigen-1(LFA-
1) by AM of patients with pulmonary sarcoido-
sis®, Later Van Dinther-Janssen and Shijubo
reported increased expression of ICAM-1 on
AM, epithelioid cells, giant cells and endothelial
cells” in sarcoid tissue by immunohistoc-
hemistry. Also Striz, Dalhoff, and Shijubo et al
observed enhanced ICAM-1 expression in BAL-
AM*~?_ In addition, Striz found the ICAM-1 on
AM was correlated with the number of total
cells, % of AM and IL-2R expression in BAL
fluid suggesting the role of ICAM-1 in the patho-
genesis of sarcoidosis®. Striz and Dalhoff re-
ported that ICAM-1 on AM was increased only
in chnically active sarcoidosis?®?? but in Stirz
paper, 7 patients of 11 inactive sarcoidosis pa-
tients were on steroid therapy at the time of
study in conirast to only one active sarcoidosis
patient were on steroid. And our data showed
decreased ICAM-1 expression on AM after the
steroid. So the low level of inactive patients of
striz might be due to steroid therapy. Dalhoff
noted a significant correlation between ICAM-1
and spontaneous TNF-g¢ secretion from AM®,
But serum sICAM-1 was normal in their report.
There was a some differece in the technique of

measuring ICAM-1 expression. Dalhoff used

semi-quantitative ELISA method®® for the mea-
surement of ICAM-1 expression on AM but
Striz, Melis and Shijubo measured the percent-
age of positive cells in immunostain of BAL
cells. Because ICAM-1 is constitutively express-
ed on normal macrophages in low level and
upregulated by various stimuli like IL~1 or TNF
-a, it may be sometimes difficult to evaluate the
positivity on the immunostained slide, which
may explain the wide range of positive cells in
normal control(45%, 42.7% by Striz and Melis
respectively, 10.8% by Shijubo). So we used
flow cytometry which can quantitate the expres-
sion level as MFI and we eliminate the problem
of autofluorescence of AM by using the ratio of
MFI emited from ICAM-1 antibody to the MFI
from idiotype control antibody®. With this tech-
nique, we confirmed the increased ICAM-1 on
AM in patients with active disease compared to
inactive sarcoidosis and its correlation with num-
ber of total cell, AM and lymphocytes in BAL
fluid. Also we found it reduced after the steroid
therapy supporting ICAM-1 expression is relat-
ed to the activity of the disease. BAL is a rela-
tively invasive test that it is difficult to repeat
the test several times to evaluate the course or
the response to therapy. So clinically the param-
eter in serum is more useful. Soluble ICAM-1 is
the extracellular domain of ICAM-1 molecule
and thought to be shed from the cell membrané
after binding to its ligand. Therefore increased
level of SICAM-1 in the body fluid indicates the
enhanced ICAM-1 activity. There are several
studies about the serum sICAM-1 level in sar-
coidosis but the results are controversial® .
Ishii, Ohmichi, and B#umer reported increased

serum sICAM-1 level in patients with sarcoido-
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sis compared to normal®~*, In contrast Dalhoff,
Shijubo and Hamblin found no significant differ-
ence in serum sICAM-1 level between sarcoido-
sis and normal control®** %, The reason of this
discrepancy is not certain, but Ishii and Bi-
eumer studied on the patients with active disease
and found the increased SICAM-1 level® " The
other researchers compared the whole sarcoido-
sis patients to conrol group and they did not ana-
lyze the data of the active disease separately,
which may be the reason they could not find the
difference. In this study we looked for the differ-
ence in serum s[CAM-1 level between the pa-
tients with active sarcoidosis and inactive dis-
ease and found it significantly higher in active
disease. Also we observed sICAM-1 level was
reduced significantly after the steroid therapy
with the symptomatic improvement and it was
elevated again in four patients at the time of re-
lapse. But in patients with inactive disease,
whose clinical symptom showed no change, the
serum sICAM level was stable during the follow
-up, (Fig. 3). Ishii has observed the change of
sICAM-1 level during the follow-up course in a
small portion of their subjects®’. And similar to
our patients, Shijubo has recently observed the
serum sICAM-1 level changed in accordance
with the clinical course in 4 patients®. And they
reported the serum SICAM-1 level of the pa-
tients with progressive disease was higher than
the patients whose disease regressed spontane-
ously. All these findings together with our
results strongly support that SICAM-1 is a mark-
er of activity. In addition, our finding of signifi-
cant correlation between the initial serum
sICAM-1 and ICAM-1 on AM with the degree

of clinical improvement supports the possibility
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Fig. 3. The difference in the initial serum soluble
ICAM-1 level between the patients whose
symptom was improved and not im-
proved.

of ICAM-1 as a predictor of clinical course. But
in Shijubo’s report, the disease progressed in 5
patients even though the mnitial SICAM level was
low®, more study in larger number of patients is
needed. Shijubo and Ishii reported that sICAM-1
was elevated also in BAL fluid®*® and Ishii ob-
served a significant correlation between the
serum and BAL fluid sICAM-1 level®”. But in
Shijubo’s patients, no such correlation was noted
. We found a significant correlation between
not only serum sICAM and BALF sICAM-1
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level but also sSICAM-1 level and ICAM-1 ex-
pression on AM. The sICAM-1 in BALF is not
just simple transudation from serum but mainly
produced locally, because sICAM-1/albumin
ratio in BALF was much higher than that of
serum(data not shown). The exact source of
sICAM-1 in BALF is not certain, but its signifi-
cant relationship with ICAM-1 on AM suggests
that AM may be a major cellular source. But it
may be from other cells, like vascular endothelial
cells, epitelial cells, fibroblasts, or epithelicid
cells. And the correlation between all these 3 pa-
rameters(sICAM-1 in serum, BALF, and ICAM
-1 on AM) may be due to the fact that they rep-
resent one process, ie. disease activity. The num-
ber of the patients is small in our study, because
sarcoidosis is still a very rare disease in Korea,
even though the incidence is slowly increasing.
We think our results warrent the study in larger

number of patients.
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