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ABSTRACT: To investigate the role of intercellular adhesion molecule-1 (ICAM-1) in
the pathogenesis of radiation pneumonitis and to determine whether the measurement
of soluble ICAM-1 (SICAM-1) levels is useful for predicting the onset of pneumonitis,
the levels of SICAM-1 were measured in serum and bronchoalveolar lavage (BAL)
fluids from patients with lung malignancy who received radiotherapy.

A total of 30 patients were irradiated with a total dose of ~60 Gy. Blood samples
were taken before, midway and after radiotherapy. BAL was also performed before
and after radiotherapy in seven cases.The sICAM-1 concentration was measured
using an enzyme-linked immunosorbent assay kit with two different monoclonal anti-
bodies.

Twelve out of 30 cases developed radiation pneumonitis (pneumonitis group), and
the other cases did not (nonpneumonitis group). Serum levels of SICAM-1 after ra-
diotherapy were significantly elevated in the pneumonitis group, but not in the non-
pneumonitis group. In some of the cases in the pneumonitis group, sSICAM-1 levels
began to increase at an early phase of irradiation. In one case of pneumonitis in which
BAL was performed, the total cell count and the number of lymphocytes increased
markedly, as did the level of SICAM-1 in BAL fluid.

These findings suggest that intercellular adhesion molecule-1 may play an impor-
tant role in the development of radiation pneumonitis and that soluble intercellular
adhesion molecule-1 may be a useful marker for the early detection of radiation pneu-
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Radiation is one of the main therapies for lung cancer
and other malignancies, but radiation-induced lung injury
is a limiting factor for therapy and is sometimes life-
threatening. There are two types of radiation-induced lung
injury: radiation pneumonitis and radiation fibrosis. In 5—
15% of all patients who receive chest radiotherapy, early
acute pneumonitis develops within 12 weeks of radiother-
apy [1, 2], characterized by cough, fever, and mild dysp-
noea. Pulmonary infiltration can be shown not only in the
irradiated lung but also in the contralateral lung. The
condition of these patients sometimes worsens, and the
dyspnoea can be life-threatening. In contrast to radiation
pneumonitis, radiation fibrosis occurs 6—12 months after
radiotherapy in up to 75% of all irradiated patients and a
well-defined area of fibrosis is confined to the field of
irradiation [1, 2]. Although the histological changes res-
ulting from direct irradiation of the lung have been well
documented, the mechanisms whereby limited unilateral
irradiation produces symptoms suggestive of a severe gen-
eralized process have not yet been established. Patholo-
gical changes in radiation pneumonitis include hyaline
membrane formation in the alveolar spaces, endothelial
injury, destruction of type I and II cells and infiltration of
the interstitial spaces by inflammatory cells [1].

Recently, studies using bronchoalveolar lavage (BAL)
fluids have indicated that lymphocytic alveolitis can be

observed in patients with radiation pneumonitis [2—4]. His-
tological studies based on open lung biopsies, taken from
the irradiated lung fields, have also suggested lymphocytic
infiltration as the dominant finding in acute-phase pneu-
monitis [5]. These findings suggest that lymphocyte re-
cruitment and activation in the lung play an important role
in the pathogenesis of radiation pneumonitis.

In the mechanism of leukocyte accumulation in the
lungs, the mediation of adhesion molecules is essential.
The intercellular adhesion molecule-1 ICAM-1), a mem-
ber of the immunoglobulin superfamily of adhesion mo-
lecules, is expressed on various cell surfaces, including
vascular endothelial cells, epithelial cells and lympho-
cytes [6]. ICAM-1 is a ligand for the lymphocyte func-
tion-associated antigen-1 (LFA-1), which is found on
lymphocytes and other leukocytes [7]. The ICAM-1/LFA-
1 interaction is important in T-lymphocyte activation and
lymphocyte migration into inflammatory sites [8—11]. Re-
cently, it has been reported that radiation induces the ex-
pression of ICAM-1 on lung cells and that ICAM-1 plays
an important role in the pathogenesis of radiation-induced
inflammation [12—-16].

ICAM-1 shed from the cell surface exists in the blood
and alveolar lining fluids in a soluble form [17]. Meas-
urement of the soluble ICAM-1 (sSICAM-1) has been
reported to be useful in evaluating and monitoring disease
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activity in various immunological and inflammatory dis-
orders [18-24].

To investigate the possible role of ICAM-1 in the pa-
thogenesis of radiation pneumonitis accompanied by
lymphocytic alveolitis and to determine whether the
measurement of SICAM-1 levels is useful for predicting
the onset of pneumonitis, the levels of SICAM-1 in serum
and BAL fluid were measured in patients with lung
malignancy who received radiotherapy.

Materials and methods

Study population

The protocol used in this study was reviewed and ap-
proved by the Jichi Medical School Institutional Review
Board for Human Research and written informed consent
was obtained from the subjects. In total, 30 patients with
lung cancer or other lung malignancies, who received
irradiation to the chest, were selected sequentially for this
study. Patients with apparent infection, such as obstructive
pneumonia, were excluded. All patients received hyper-
fractionation radlotherapy 1.5-1.6 Gy twice a day, in 10
fractions-week ™. Patients were considered to have devel-
oped radiation pneumonitis if they presented with: 1) typ-
ical clinical symptoms such as cough, fever and dyspnoea,
2) an infiltrative shadow on the chest radiograph, and 3) a
decrease in resting arterial oxygen tension (Pa,0,). Other
causes of exacerbation, such as infection, lymphangitis and
pulmonary infarction, were ruled out in all patients.

Sample collection

Blood samples were taken before, midway and after
radiotherapy. If the patient developed radiation pneumo-
nitis, an additional blood sample was taken at that time.
The meantsp duration between the end of radiotherapy
and the onset of radiation pneumonitis was 27.8+37.7
days. In the control group, additional blood samples were
taken 1 month after radiotherapy.

BAL was also performed by the standard method, be-
fore and after radiotherapy, in seven patients who agreed to
receive this procedure. Only one of these cases had ra-
diation pneumonitis, while the other six did not. An
irradiated segment which was not directly involved in lung
cancer was lavaged with three 50-mL aliquots of sterile
saline. After filtration through two layers of gauze, a small
aliquot was taken for the assessment of total cell counts,
using a haemocytometer. A differential cell count was
obtained by identifying over 500 cells on Diff-Quick
stained cytocentrifuge preparations. After centrifugation
(250 x g, 10 min), the cell supernatant was frozen at -20°C.
Aliquots were later thawed and analysed.

Soluble intercellular adhesion molecule-1 and lactate
dehydrogenase assay

Concentrations of SICAM-1 in serum and BAL fluid
were measured using an sICAM-1 enzyme-linked immu-
nosorbent assay (ELISA) kit (T Cell Diagnostics, Cam-
bridge, MA, USA). All samples were diluted 1:100 in
diluent buffer prior to assay. Samples were added to

microtitre plates precoated with an anti-ICAM-1 primary
antibody. Then, horseradish peroxidase-conjugated anti-
ICAM-1 secondary antibody, which recognizes another
epitope on the ICAM-1 molecule, was added. After 2 h of
incubation, the plates were washed and chromogen solu-
tion was added to the wells. The absorbance at 490 nm
was determined using a microplate reader. The coefficient
of variation for intra-assay and interassay variability was
<5%. The normal ranges of SICAM-1 in serum and in BAL
fluid from healthy controls (n=13, age 28.3+4.0 yrs) were
243449 ng-mL"' and 59+36 ng-mL™, respectively [18].
Serum lactate dehydrogenase (LDH) activity was also
determined by the Wroblewski—LaDue method.

Statistical analysis

Results are expressed as the meansd. Differences be-
tween two group means were compared by the Mann—
Whitney U-test. Multigroup comparisons were made by a
one-way analysis of variance (ANOVA). Linear regression
analysis was used to determine the correlation between
investigated parameters. A p-value <0.05 was considered
significant.

Results

Profile of study population

The profile of the patients is shown in tables 1 and 2.
Thirty-two patients were enrolled in this study, but two of
them were excluded because they developed bacterial
pneumonia during radiotherapy. Twelve out of 30 cases
developed radiation pneumonitis (pneumonitis group)
and the other cases did not (nonpneumonitis group).
There was no significant difference in the age distribu-
tion (64.9+6.7 versus 66.1£10.7 yrs) or irradiated doses
(56.3+5.9 versus 58.3+£3.5 Gy) between the two groups.

Serum soluble intercellular adhesion molecule-1

Serum levels of SICAM-1 before radiotherapy were sig-
nificantly elevated in both the pneumonitis group (326+
42; n=12) and the nonpneumonitis group (312+26; n=
18) compared with normal Values obtained from healthy
volunteers (243+49 ng-mL', n=13). There was no dif-
ference between the two groups. Serum levels of SICAM-1
after radiotherapy were elevated in the pneumonitis group
compared with the baseline levels before radiotherapy (fig.
1). In 10 out of 12 cases (83%), serum levels of SICAM-1
were elevated at the onset point of pneumonitis. In seven
out of 12 cases (58%), they were elevated at the end-point
of radiotherapy. Moreover, in four out of 12 cases (33%),
SICAM-1 levels began to increase at the midway point of
irradiation. In contrast, serum levels of SICAM-1 did not
increase throughout radiotherapy in the control group (fig.
1). Even at one month after radiotherapy, there was no
increase in SICAM-1 levels.

The average sSICAM-1 concentrations in serum for each
group are shown in figure 2. In the pneumonitis group, a
significant elevation in SICAM-1 levels was seen at the
end of the radiation therapy (514482 ng-mL™") and at the
point of onset of pneumonitis (790+109 ng-mL™") com-
pared with a baseline "before" value (326+42 ng-mL™;
p<0.05).
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Table 1. — Characteristics of patients without radiation pneumonitis
Patient Age Sex Histological Preceding Radiation dose BAL
No. yrs type therapy Gy
1 78 M Sm Chemo 50
2 76 M Sq Chemo 60
3 66 M Sq Chemo 59
4 64 M Sq ND 59 +
5 59 M AdSq Chemo 61 +
6 46 M Sm ND 53
7 75 M Sq Chemo 60
8 68 M Sq Chemo 60 +
9 64 M Sm Chemo 50 +
10 65 M Sq Op, Chemo 60
11 77 M Sq Chemo 58
12 45 M Ad Chemo 60
13 79 M Sq Op, Chemo 60 +
14 59 M Sm Chemo 59
15 76 M Sq Chemo 60
16 55 M Sarcoma Chemo 59
17 77 M Sarcoma Chemo 62
18 60 F Ad Chemo 60 +
Mean+sp 66.1+10.7 58.3£3.5

M: male; F: female; Sm: small cell carcinoma; Sq: squamous cell carcinoma; Ad: adenocarcinoma; ND: not done; Chemo:

chemotherapy; Op: operation; BAL: bronchoalveolar lavage.

Serum lactate dehydrogenase activity

In both groups, serum LDH activity showed a tendency
to decrease after radiation therapy. In seven out of 12 cases
who developed pneumonitis, however, serum LDH levels
increased only at the point of onset of pneumonitis (fig. 3).
There was a significant correlation between the serum
SICAM-1 level and LDH activity only at the point of
onset of pneumonitis (r=0.665, p<0.05) (fig. 4).

Bronchoalveolar lavage analysis

BAL was performed before and after radiotherapy in six
patients who did not develop radiation pneumonitis and in
one case who developed pneumonitis. After radiotherapy,
the total cell count and the percentage of lymphocytes in
the BAL fluid increased in two out of six cases without

pneumonitis. SICAM-1 levels in the BAL fluid also in-
creased in four out of six cases. In the case with pneu-
monitis in which BAL was performed, the total cell count
and the number of lymphocytes increased markedly (up to
90%) and the level of sSICAM-1 in BAL fluid also in-
creased (fig. 5).

Discussion

Much evidence has been reported indicating that the
sequestration of lymphocytes in the lungs is a character-
istic pathological feature in radiation pneumonitis [2—4].
ROBERTS et al [2] reported radiation pneumonitis cases
with lymphocytic alveolitis which were detected by BAL
and speculated that the pathogenesis of early generalized
radiation pneumonitis is a lymphocyte-mediated hyper-
sensitivity reaction. Antigen release occurs in the process

Table 2. — Characteristics of patients with radiation pneumonitis

Patient Age Sex Histological Preceding Radiation dose Interval between BAL Outcome
No. yrs type therapy Gy radiotherapy and onset
days
1 73 M Sq Chemo 59 18 D
2 67 M Sm Chemo 45 0* + R
3 48 M Sq Chemo 60 30 D
4 61 M Sm Chemo 60 5 R
5 60 M Sq Chemo 59 20 D
6 73 M Sq Chemo 60 90 R
7 66 M Sq Chemo 60 120 R
8 69 M Sq Chemo 48 0* R
9 63 M Sq Chemo 57 17 D
10 65 M Sq Chemo 60 4 R
11 65 M Ad Chemo 60 20 R
12 69 M Sm Chemo 47 10 D
Meantsp  64.9+6.7 56.3+5.9 27.8+37.7

M: male; Sm: small cell carcinoma; Sq: squamous cell carcinoma; Ad: adenocarcinoma; Chemo: chemotherapy; BAL: bronchoalveolar
lavage; D: died; R: recovered. *: pneumonitis developed during the radiotherapy.
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Fig. 1. — Change in soluble intercellular adhesion molecule-1 (SICAM-
1) levels in serum during radiotherapy in patients a) without and b) with
pneumonitis. Blood samples were taken before, midway (Mid) and after
radiotherapy. In the patients who developed radiation pneumonitis (n=
12), additional blood samples were taken at the onset point (Onset). The
mean+sp duration from the end of radiotherapy to the onset of radiation
pneumonitis was 27.8+37.7 days. Therefore, in the control group (n=
18), additional blood samples were taken 1 month (1 M) after the ra-
diotherapy.

of direct tissue damage induced by radiotherapy [25],
resulting in a sensitization of autoreactive lymphocyte
clones which migrate to the lung and react with pulmonary
tissues. In the present study, the patient with radiation
pneumonitis for which BAL was performed showed a
marked increase in the total cell count and the number of
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Fig. 2. — Change in the average soluble intercellular adhesion molecule-
1 (SICAM-1) concentration in serum during radiotherapy in patients
with (m) and without (OJ) pneumonitis. In the pneumonitis group, a
significant elevation in SICAM-1 levels was seen at the end of radiation
therapy and at the onset point of pneumonitis compared with a baseline
"before" value, *: p<0.05. 1 M: one month.
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Fig. 3. — Change in lactate dehydrogenase (LDH) activity in serum dur-
ing radiotherapy in patients a) without and b) with pneumonitis. Blood
samples were taken before, midway (Mid) and after radiotherapy. In the
patients who developed radiation pneumonitis (n=12), additional blood
samples were taken at the onset point (Onset). The mean+sp duration
from the end of radiotherapy to the onset of radiation pneumonitis was
27.84¢37.7 days. Therefore, in the nonpneumonitis group (n=18), ad-
ditional blood samples were taken 1 month (1 M) after radiotherapy.

lymphocytes. Histological studies based on an open lung
biopsy taken from an irradiated field have also suggested
lymphocytic infiltration as the dominant finding in acute-
phase pneumonitis [5]. Although the precise mechanism
for radiation-induced lymphocytosis in the lungs remains
uncertain, the participation of lymphocytes in the patho-
physiology of radiation pneumonitis is apparent.

In the mechanism for the sequestration of leukocytes in
the lungs, cell adhesion molecules play a key role. ICAM-
1, which is expressed on various cell surfaces, including
vascular endothelial cells, epithelial cells and lymphocytes
[6], is a ligand for LFA-1, which is found on lymphocytes
and other leukocytes [7]. The ICAM-1/LFA-1 interaction
is important in T-lymphocyte activation and lymphocyte
migration into inflammatory sites [8—11]. Recently, several
investigators have reported on the role of ICAM-1 in the
pathogenesis of radiation-induced injury. In in vitro stud-
ies, radiation induced the ICAM-1 expression on endo-
thelial cells [12] and skin cultures [13]. In an animal model
of radiation-induced lung injury, ICAM-1 expression of
alveolar macrophages was significantly elevated after radi-
ation [14]. HarLaHaNn and ViRupacHLAM [15] demon-
strated that radiation-increased ICAM-1 expression in the
pulmonary microvascular endothelium is accompanied by
inflammatory cell infiltration in rat lungs, and that the i.v:
administration of anti-ICAM-1 antibody blocks the rad-
iation-induced leukocyte infiltration. They also indicated
that radiation-induced leukocyte infiltration is not seen in
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Fig. 4. — Correlation between soluble intercellular adhesion molecule-1

(sICAM-1) levels and lactate dehydrogenase (LDH) activity. There was

a significant correlation between the serum sICAM-1 level and LDH
activity only at the onset point of pneumonitis (n=12, r=0.665, p<0.02).

the lungs of ICAM-1-deficient mice [15]. In humans, it has
been reported that radiation-induced ICAM-1-positive T-
lymphocytes accumulate in the lungs [16]. These findings
suggest that radiation can induce ICAM-1 expression on
lung cells and that ICAM-1 is required for inflammatory
cell infiltration into the irradiated lung.

ICAM-1 shed from cell surfaces exists as a soluble form
in the blood and the alveolar lining fluid [17, 18]. Meas-
urement of SICAM-1 has been reported to be useful for
evaluating and monitoring disease activity in various
immunological and inflammatory disorders [18-24]. In
pulmonary diseases with accompanying lymphocytic al-
veolitis, including hypersensitivity pneumonitis and sar-
coidosis, SICAM-1 levels in the serum and BAL fluid are
elevated and vary with disease activity [18]. Therefore, the
measurement of SICAM-1 levels in serum and BAL fluid is
useful not only for investigating the pathogenic mechan-
isms in lymphocytic alveolitis (especially in lympho-
cyte activation and emigration), but also for assessing the
clinical status and disease activity. In the present study,
sICAM-1 concentrations were measured in patients with
radiation pneumonitis.

The early detection and differential diagnosis of radia-
tion pneumonitis are important but sometimes difficult.
Several factors, such as C-reactive protein (CRP) and LDH
activity, have been examined as serum markers of radiation

pneumonitis. Moreover, type III procollagen N-terminal
peptides and K L-6, a mucin-like glycoprotein, have been
reported to be sensitive markers [26]. In the present study,
SICAM-1 levels were examined and compared with LDH
activity. After radiotherapy, serum levels of SICAM-1 were
elevated in the pneumonitis group. In some cases, SICAM-
1 levels began to increase at an early phase of irradiation.
In contrast, serum levels of SICAM-1 did not increase from
the baseline value during the radiotherapy in the non-
pneumonitis group. Serum LDH activity showed a ten-
dency to decrease in response to radiation therapy. This
may imply that the decrease in LDH is caused by the
cancer tissues. It is not until radiation pneumonitis dev-
elops that serum LDH activity increases. At this time,
serum LDH activity may be derived from the damaged
lung tissue. A significant correlation between serum
sICAM-1 and LDH was seen only at the onset point of
pneumonitis. From these findings, it appears that serum
sICAM-1 may be a useful marker for the early detection of
radiation pneumonitis and a more sensitive marker than
LDH activity.

In the present study, the mean age of healthy controls
was younger than that of irradiated patients with lung
malignancy. Normal levels of SICAM-1 in serum decrease
with age in children [27], but there has been no report on
age-dependent changes of sSICAM-1 levels in adults. Base-
line levels of SICAM-1 in both irradiated groups were
higher than the control values. The elevation is thought to
be due to their malignancy, because an elevated concen-
tration of serum sSICAM-1 has been reported in malignancy
[21], but not in infection [21]. Therefore, the sequential
monitoring of SICAM-1, before and after radiotherapy, is
thought to be important. In the pneumonitis group, the
value at the time of onset was significantly higher than that
before radiation.

In the BAL fluid from one patient with radiation pneu-
monitis, a marked increase in the number of lymphocytes
and an elevation in sSICAM-1 levels were observed. Al-
though this was only one case, these findings suggest a
possible relationship between the ICAM-1 expression
induced by radiation and lymphocyte accumulation in the
lungs. However, this increase in SICAM-1 levels in BAL
fluid was not so prominent and some patients without
pneumonitis also exhibited a comparable increase in
SICAM-1 levels in BAL fluid. As the study population for
which BAL was performed was small, the relationship
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between SICAM-1 levels and lymphocyte count in the
BAL fluid remains unclear. It is likely that SICAM-1 levels
in serum, which reflect the ICAM-1 expression in micro-
vascular endothelial cells, but not in BAL fluid, may
correlate with lymphocyte accumulation in the irradiated
lungs. Furthermore, two of the patients without pneumo-
nitis had mild lymphocytosis in the BAL fluid. Even when
apparent radiation pneumonitis does not develop, the
localized radiation-induced lung inflammation (with lym-
phocyte accumulation) may progress insidiously and sub-
clinically. In such cases, even if localized expression of
ICAM-1 occurs, it may not be reflected in the systemic
SICAM-1 levels. To clarify the role of ICAM-1 in radi-
ation-induced lung inflammation, it is necessary to carry
out BAL in a greater number of cases.

From the results of the present study, the mechanism by
which sICAM-1 increases at the onset of radiation pneu-
monitis remains unclear. A reactive oxygen species-medi-
ated mechanism may be involved in ICAM-1 expression,
because radiation causes an oxidative stress by producing
oxygen radicals [28], which can stimulate the expression of
adhesion molecules in the tissues [29].

In summary, intercellular adhesion molecule-1 may play
an important pathophysiological role in the development of
radiation pneumonitis, and soluble intercellular adhesion
molecule-1 may be a useful marker for the early detection
of radiation pneumonitis.
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