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This study focuses on a possible role of intercellular adhesion molecule-1 (ICAM-1) in interstitial
pulmonary diseases. We determined a soluble form of ICAM-1 in serum and bronchoalveolar lavage
fluid (BALF) using ELISA in patients with usual interstitial pneumonia (UIP), bronchiolitis
obliterance organizing pneumonia (BOOP), or nonspecific interstitial pneumonia (NSIP). In
addition, we investigated the expression of ICAM-1 in the lung tissues of these patients by means
of immunohistochemical staining. Serum levels of soluble ICAM-1 were significantly higher in
patients with UIP or NSIP than in healthy subjects, and were also high in patients with BOOP. The
soluble ICAM-1 in BALF tended to be higher in patients with UIP, BOOP, or NSIP than in normal
subjects. A significant correlation was seen between soluble levels of ICAM-1 in serum and BALF.
In the immunostaining of ICAM-1 of the lung tissues, ICAM-1 expression was more pronounced in
patients with UIP than in those with BOOP or NSIP. The increased expression of ICAM-1 was seen
in type II alveolar epithelium and vascular endothelium in patients with interstitial pneumonia. A
positive correlation was observed between the degree of ICAM-1 expression in the lung tissues and
the BALF levels of soluble ICAM-1. The expression of ICAM-1 in type II alveolar epithelium suggests
that ICAM-1 plays a specific role in the fibrotic process of the lung, and that the measurement of
soluble ICAM-1 in sera and BALF could be a useful marker for evaluating the progression of fibrosis.
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I ntercellular adhesion molecule-1 (ICAM-1) is a

member of the immunoglobulin supergene family
and its ligand is lymphocyte function-associated antigen-1
(LFA-1). ICAM-1 is expressed in various tissues includ-
ing vascular endothelial cells and fibroblasts, and its
expression at the site of inflammation is regulated by
proinflammatory cytokines such as interleukin-1 (IL-1),
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tumor necrosis factor-a (TNF-«) and interferon-y (INF-
y) at the site of inflammation [1], [2]. ICAM-1 has
been reported to play an important role in the migration of
leukocytes from blood vessels to the inflammatory site
[3]. However, the exact role of adhesion molecules
including ICAM-1 in lesions of interstitial pulmonary
diseases has not been fully elucidated.

In the present study, we investigated a soluble form of
ICAM-1 in serum and bronchoalveolar lavage fluid
(BALF), in patients with idiopathic interstitial pneumonia
(ITP). Using an ELISA method, along with the immuno-
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histochemical staining of ICAM-1 expressed in the lung
tissues, we investigated the roles of ICAM-1 in the
development of interstitial pulmonary diseases.

Materials and Methods

Subjects. Eleven patients with IIP, which had
been diagnosed clinically and histopathologically by thora-
coscopic lung biopsy, were enrolled in the study (Table
1). In terms of histological classification, 4 patients were
diagnosed as having usual interstitial pneumonia (UIP), 4
as having nonspecific interstitial pneumonia (NSIP), and
the remaining 4 as having bronchiolitis obliterans organiz-
ing pneumonia (BOOP). The control group consisting of
18 healthy subjects (20 to 32 years old) with no history of
respiratory diseases also underwent BAL. Non-
cancerous portions of lungs resected from 5 lung cancer
patients were used as a control.

Serum Specimen. Blood samples were collected
from 12 patients with IIP and 18 healthy volunteers as
controls, Serum was separated and stored at — 20 °C
until measurement of soluble ICAM-1.

Bronchoalveolar Lavage. Bronchoalveolar
lavage was performed in 10 patients with IIP and 10
healthy controls. Following local anesthesia with 4%
lidocaine, a bronchoscope was wedged into B5 of the
right middle lobe, and 50 ml of normal saline was infused
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and then collected immediately. The procedure was
repeated 4 times, using a total volume of 200 ml of saline.
Recovered BALF was used for measurement of soluble
ICAM-1. The BALF was then -centrifuged (4°C,
250 xg, 10 min), and the supernatant was collected and
stored at — 20 °C until use. A differential cell count of
BALF cells was performed on Giemsa-stained smears
prepared by a cytocentrifuge.

Assay of Soluble ICAM-1. Levels of soluble
ICAM-1 in serum and BALF were measured by sand-
wich enzyme linked immunoassay using an ELISA kit (T
cell Diagnosis Inc., Cambridge, MA, USA) in which a
96-well microtiter plate coated with anti-ICAM-1 antibody
was used. Serum and BALF samples were stored at
— 20 °C until use. After thawing the samples, serum was
diluted 100 times and BALF was diluted 10 times with
antibody diluent. All measurements of the samples and
the standard curve were performed in duplicate. Two
wells were used for the blank and 10 wells for drawing the
standard curve. Twenty-five microliters of the I[CAM-1
standard solution (0, 0.56, 2.86, 5.89, and 8.94 ng/ml)
and diluted samples were added to wells coated with
anti-ICAM-1 antibody. Horse-radish peroxidase (HRP)-
labeled anti-ICAM-1 antibody (75 ul) was added to each
well except for the blank wells. The microplate was
incubated at room temperature on a rotator set at 150 rpm
for 2 h. After 3 washings, 100 ul of chromogen solution

Table | Characteristics of patients with IIP

Type of o Age Serum  BALF  liscase Steroid Disease ' uimonary function Aterial blood gas Chest X-ray
histology s ICAM-1 s ICAM-| duration therapy activity 9%VC 9%DLCO Pa0, (Torr) AaDO, (Torr) honeycomb pattern
uIP M 51 493.3 61.6 48 months (—) Not active 88.0 49.0 76.0 25.8 (+)
uIp M 24 5055 75.0 18 months (—) Active 53.7 576 89.6 10.4 (+)
uIp M 60 3643 31.3 48 months (+) Not active 49.0 38.9 734 22.2 (+)
ulp M 70 4244 438 26 months (—) Notactive 375 23.0 715 28.3 (+)
NSIP M 44 564.8 91.2 14 months (+) Active 74.0 94.0 79.6 26.3 (—)
NSIP M 62 3973 30.5 29 months (—) Active 8l.1 90.1 71.9 29.3 (—)
NSIP F 75 4070 2 months  (—) Active 83.3 68.0 74.9 2.8 (—)
NSIP F 26 6143 127.3 16 months  (+) Active 40.7 375 72.0 21.2 (—)
BOOP F 53 3806 106 2 months (—) Active 65.9 ND 73.0 29.9 (=)
BOOP F 68 3865 419 3 months (—) Active 84.6 95.8 63.4 39.5 (—)
BOOP F 67 3026 237 2 months (—) Active 122.0 ND 58.5 42.2 (—)
BOOP F 65 4186 4 months (—) Active 50.2 26.1 71.2 243 (=)

AaDOQ,, alveolar-arterial oxygen pressure gradient; BOOP, bronchiolitis oblitarance organizing pneumonia; DLco, diffuse capacity of carbon
monooxide; ND, not determined; NSIP, nonspecific interstitial pneumonia; PaO,, aterial oxygen pressure; UIP, usual interstitial pneumonia;
VC, vital capacity.
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was added to all wells prior to a 30-min incubation. After
adding 50 ul of stop solution (2N H,SO,), soluble
ICAM-1 was measured at 490 nm absorbance.

Immunohistochemical Analysis. For staining
of paraffin sections, specimens were fixed in 10% forma-
lin for 4 h, preserved in phosphate-buffered saline (PBS)
overnight, embedded in paraffin, sectioned, and placed
on slides. After deparaffinization in xylene and ethanol,
the specimens were boiled in target retrieval solution
(Target Retrieval Solution, DAKO Japan, Kyoto,
Japan) for 40 min, and stained using the Catalyzed Signal
Amplification method (CSA System, DAKO Japan,
Kyoto, Japan). Endogenous peroxidase was eliminated
by reacting with 3% hydrogen peroxide for 30 min, and
then nonspecific staining with the primary antibody was
blocked by 10% rabbit serum. The slides were incubated
for 60 min at 4 °C with primary anti-ICAM-1 mouse
monoclonal antibody (Mouse Anti-Human ICAM-1,
DAKO Japan, Kyoto, Japan) followed by biotinylated
secondary antibody (anti-mouse IgG) for 30 min and
streptavidin-biotin-peroxidase complex for 15 min,
biotinylated tyramide (amplification reagent) for 15 min,
and finally streptavidin-peroxidase for 15 min. Several
changes of Tris buffered saline (TBS) were carefully
performed between all steps of the procedure. After
washing with TBS, peroxide-labeled streptavidin was
reacted with biotin. The antigen-antibody complex was
made visualized using 0.05% solution of diaminobenzidine
tetrahydrochloride (DAB) in PBS for 5 min. Subsequent-
ly, the slides were counterstained with Mayer hematox-
ylin, and dehydrated and cleared in xylene. Controls were
performed on identically prepared tissues and slides using
the appropriately matched isotype (mouse IgGl) as the
test primary antibody.

Immunoreactivity was evaluated visually and express-
ed as follows: Grade 0, negative; Grade I, weakly
positive; Grade II, positive; and Grade III, strongly
positive.

Statistical analysis. The results were ex-
pressed as the mean =+ standard deviation (SD). Statisti-
cal analysis was performed using Student’s #-test and
correlation coefficients were determined using Pearson’s
method.

FEvaluation of disease activity. The disease
activity of IIP was evaluated by assessing changes in
symptoms (Hugh-Jones classification), interstitial
shadows of chest X-ray, and respiratory function (FVC)
within the previous 3 months on admission. Exacerbation
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of more than 2 of these parameters was regarded as the
active stage while no change or exacerbation of one
parameter was regarded as non-active [4].

Results

Soluble ICAM-1 Levels in Serum. The
serum level of soluble ICAM-1 in patients with IIP was
438.3 + 89.3 ng/ml, which was significantly higher than
the control value of 306.5 & 66.4 ng/ml in healthy sub-
jects. According to histologic type, serum levels of
soluble ICAM-1 were as follows: 446.9 + 65.6 ng/ml in
patients with UIP, 495.9 =+ 110.1 ng/ml in patients with
NSIP and 372.1 = 49.2 ng/ml in patients with BOOP.
Serum levels of soluble ICAM-1 in both UIP and NSIP
patients were significantly higher than those in healthy
subjects (Fig. 1).

Cellular Component in BALF. The total cell
density was 203.4 £ 158.0 X 10/ml in UIP patients,
349.2 + 257.4 X 10°/ml in NSIP patients and 348.7 =
333.1 X 103/ml in BOOP patients. Although these
values fluctuated, there was no significant difference
among these different groups of patients.

Soluble ICAM-1 in BALF. The soluble
ICAM-1 level in BALF from patients with IIP was
534 + 35.5ng/ml, which was higher than that from
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Fig. | Soluble ICAM-1 levels in serum of patients with IIP.
Serum soluble ICAM-1 was significantly higher in patients with UIP or
BOOP than in healthy subjects, and also high in patients with NSIP.



208 Takehara et al.

healthy controls (36.1 £ 13.7 ng/ml). Soluble ICAM-1
levels in BALF from the different IIP groups were as
follows: 53.1 %+ 19.1 ng/ml in UIP patients, 83.0 % 48.9
ng/ml in NSIP patients and 25.4 + 15.7 ng/ml in BOOP
patients. BALF levels of soluble ICAM-1 in UIP and
NSIP patients tended to be higher than those in healthy
subjects (Fig. 2).

Correlation Between Soluble ICAM-1 in
Sera and in BALF. A significant positive correla-
tion (r=0.94, P <0.01) was also found between the
soluble ICAM-1 levels in BALF and sera obtained
simultaneously (Fig. 3).

Soluble ICAM-1 and Clinical Features.
No significant correlation was seen between soluble
ICAM-1 levels in sera or BALF and certain parameters
of pulmonary function such as percent vital capacity (%
VC) and arterial oxygen pressure (Pa0,). The serum
soluble ICAM-1 in patients with long-term (= 12 months)
illness was significantly higher than that in patients with
short-term (< 12 months) illness (Fig. 4). Furthermore,
the soluble ICAM-1 level in BALF from patients with
long-term illness was significantly higher than that from
patients with short-term illness (Fig. 5). No correlation
was found between the serum levels of soluble ICAM-1 in
ITP patients with active and non-active forms of the
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Fig. 2  Soluble ICAM-I levels in BALF of patients with IIP.

BALF soluble ICAM-1 tended to be higher in patients with UIP or NSIP
than in normal controls.
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disease.

Immunohistochemical Staining of Lung
Tissue. Localization of ICAM-1 in the lung tissues
was investigated using immunohistochemical staining
(Table 2). In control lung tissues, type I alveolar epithelia
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Fig. 3  Correlation between soluble ICAM-I levels in BALF and
serum of patients with IIP. A significant positive correlation is seen
between the soluble ICAM-| level in BALF and serum in patients with
IIP.
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Fig. 4  Soluble ICAM-! levels in serum of patients with long-term

and short-term illness. Serum soluble ICAM-1 levels in patients with
long-term iliness was significantly higher than those in patients with
short-term illness.
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Fig. 5 Soluble ICAM-! levels in BALF of patients with long-term

and short-term illness. The soluble ICAM-| levels in BALF from
patients with long-term illness was significantly higher than those
from patients with short-term iliness.
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were stained, while type II alveolar epithelia and vascular
endothelial cells were not stained (Fig. 6-a). In the lung
tissues of IIP patients, type I alveolar epithelia were not
stained in patients with UIP, NSIP and BOOP, while
type II alveolar epithelia were intensely stained (Fig. 6-b).
Vascular endothelial cells in patients with UIP, NSIP,
and BOOP were weakly stained. The regions of respira-
tory bronchioles and surrounding connective tissues were
not stained. Type II alveolar epithelia were most strongly
stained in UIP patients, when compared to NSIP or
BOOP patients, while no difference was seen in the
staining of vascular endothelial cells among them. Stain-
ing intensity tended to be stronger in IIP patients with
higher levels of soluble ICAM-1 in BALF.

Discussion

Idiopathic interstitial pneumonia comprises diseases
with different clinical courses and different histopathologic
characteristics [5]. Most cases of IIP are classified
pathologically into UIP [6], BOOP [7], or NSIP [8].
With any of these histologies, the etiology is unknown
and the mechanism of the inflammatory process or fibrotic

Table 2  Distribution and localization of ICMA-| in lung tissue of IIP as determined by immunohistochemitsry
Type of Pulmonary epithelium Vascular Bronchiolar -
Case histol dotheli itheli Interstitium
istology Type I Type I endothelium epithelium
| Control | 0 0 0 0
2 Control | 0 0 0 0
3 Control | 0 0 0 0
4 Control | 0 0 0 0
5 Control | 0 0 0 0
6 ulP 0 Il 1] 0 0
7 ulpP 0 i 1] 0 0
8 ulP 0 1 1l 0 0
9 ulP 0 1] 1l 0 0
10 NSIP 0 1] Il 0 0
I NSIP 0 Il 1l 0 0
12 NSIP 0 Il Il 0 0
13 NSIP 0 Il 1l 0 0
14 BOOP 0 Il Il 0 0
15 BOOP 0 I I 0 0
16 BOOP 0 It Il 0 0
17 BOOP 0 I Il 0 0

Grade 0, negative; Grade |, weekly positive; Grade Il, positive; Grade lll, storongly positive.
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Fig. 6 A, photomicrograph of lung tissue obtained from control
lung tissue and stained with the monoclonal antibody against ICAM-1.
ICAM-1 was found to be weakly expressed on the surface of type |
pulmonary epithelia (farge arrow); B, photomicrograph of lung tissue
obtained from UIP lung tissue and stained with the monoclonal
antibody against ICAM-1. ICAM-1 was found to be strongly expressed
on the surface of type Il pulmonary epithelia (large arrow) and also
expressed on vascular endothelial cells (small arrow).

changes has not been elucidated.

In 12 patients with IIP, soluble ICAM-1 was mea-
sured in serum and BALF and the expression of [CAM-1
in the lung tissues was investigated. The serum level of
soluble ICAM-1 in all ITP patients was significantly higher
than that in healthy controls. Shijubo [9] and Ashitani
[10] also reported that the serum level of soluble ICAM-
1 was higher in patients with interstitial pulmonary fibrosis
(IPF) than in normal controls. Soluble ICAM-1 in
BALF from all ITP patients also tended to be higher than
that from normal controls. However, Ishii et al [11]
reported that soluble ICAM-1 in BALF from patients
with clinically-diagnosed IPF was not different from that
from healthy controls even after correction for the BAL
recovery rate. These differences are probably due to
heterogeneity in the stage and histologic type of IPF in
the above studies.
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In regard to the role of ICAM-1 in the inflammatory
process of the lung, an increased level of soluble ICAM-1
in BALF was reported in bleomycin-induced pneumonia
in rats [12]. In a mouse model, the lung tissues injured
by high concentrations of oxygen also showed increased
expression of ICAM-1 protein and mRNA [13]. In the
immunohistochemical staining of the lung tissue in our
study, a high expression of ICAM-1 was observed
especially in alveolar type II epithelium of IIP patients.
The higher expression of ICAM-1 in the lung tissue was
related to the higher level of soluble ICAM-1 in BALF.
The significant correlation between BALF and serum
levels of soluble ICAM-1 in IIP patients suggests that
ICAM-1 expression in the lung tissues may be a common
source of soluble ICAM-1 in BALF and serum.

In the relation of soluble ICAM-1 in serum and
BALF from IIP patients to their clinical courses, param-
eters of pulmonary functions and chest x-ray findings
revealed that soluble ICAM-1 in serum and BALF was
increased along with duration of illness, but not with
disease activity. Vanhee [14] reported that ICAM-1
expression in vascular endothelial cells was transient after
acute stimulation by a high concentration of TNF-a,
while continuous expression of ICAM-1 was observed
after chronic stimulation by a low concentration of
TNF-@. Therefore, these observations suggest that
increased expression of ICAM-1 and elevated levels of
soluble ICAM-1 may be closely related to chronic and
progressive processes of fibrosis rather than to acute
inflammatory process. Immunohistochemical staining of
ICAM-1 in the lung tissues revealed that only type I cells
of the alveolar epithelium in the control were weakly
stained. In contrast, type II cells were strongly stained
with anti ICAM-1 antibody in IIP patients, while type I
cells remained unstained. The vascular endothelial cells in
UIP patients also showed weak staining of ICAM-1.
Kasper et al [12] reported that ICAM-1 was expressed
in type I alveolar epithelia in control mice, while its
expression in type II alveolar epithelia was increased in
mice with bleomycin-induced pneumonia with fibrosis. In
our data, the expression of ICAM-1 on type II alveolar
epithelial cells was much stronger in UIP than in BOOP
or NSIP patients. This observation is consistent with
findings reported by Vanhee [14] and Kasper et al
[12], because the increase of type II epithelial cells is
chronic in lung injury and the disease progression of UIP,
whereas it is acute or subacute in the disease progression
of BOOP or NSIP.
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In conclusion, the increased ICAM-1 expression on
type II alveolar epithelia in the lung tissue of patients with
interstitial pneumonia could be a source of the increased
soluble ICAM-1 in sera and BALF. ICAM-1 may play
an important role in the persistent fibrotic changes of the
lung and can be a useful marker for evaluating the
progression of fibrosis.
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