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Fig.3 Routine electron-microscopic ultrathin section adjacent
to that in Figure 2. The ubiquitin-positive area seems to consist of
ordinary cytoplasmic organelles, with a few filaments. Ribosome-
like granules are less electron-dense and more irregular, with
amorphous outlines, than the ribosomes in the non-ubiquitinated
cytoplasmic area, %3.3 (original). N, nucleus; Lp, lipofucin.

the area (Fig. 3). The area seemed to consist of ordinary
cytoplasmic organelles, including lipofuscin, mitochondria,
cytoplasmic reticulum, and many ribosome-like granules.
There were a few filamentous structures. When the findings
from immunoelectron-microscopic and semithin sections
were compared, the ubiquitin-positive structures seemed
to correspond to ribosome-like granules and filaments. The
granules were less electron-dense and more irregular,
with amorphous outlines, than the ribosomes in the non-
ubiquitinated cytoplasm. These findings suggest the
development of ribosome-associated and ubiquitin-related
abnormalities in the neurons of the extra-motor cortices of
these patients.

NATURE OF THE INCLUSIONS

The inclusions were positive for ubiquitin-binding protein
p62'>* and vacuole-creating protein.'* However, their main
components were unknown. In 2006, Neumann et al.”* and
Arai et al’ found that the ubiquitin-positive tau-negative
inclusions are composed of the 43-kDa TAR DNA-binding
protein (TDP-43). Diseases that include TDP-43-positive
inclusions have recently been classified as TDP-43
proteinopathy.”

ACKNOWLEDGMENTS

This work was supported by Grants-in-Aid from the Min-
istry of Health, Labour and Welfare of Japan, and also from

K Okamoto

the Ministry of Education, Culture, Sports, Science and
Technology of Japan.

REFERENCES

1. Yuasa R. Amyotrophic lateral sclerosis with organic
dementia: report a case. Clin Neurol 1964; 4: 529-
534,

. Mitsuyama Y. Presenile dementia with motor neuron
disease in Japan: clinicopathological review of 26 cases.
J Neurol Neurosurg Psychiatry 1984; 47: 953-959.

3. Tanaka M, Okamoto K. The spectrum of cognitive dys-
function in ALS/MND in the Japanese population. In:
Strrong MJ, ed. Dementia and Motor Neuron Disease.
London: Informa, 2006; 73-85.

4. Okamoto K, Hirai S, Shoji M, Harigaya Y, Yamaguchi
H, Takatama M. Senile changes in amyotrophic lateral
sclerosis. Neurobiol Aging 1990; 11: 274.

5. Okamoto K, Hirai S, Yamazaki T, Sun X, Nakazato Y.
New ubiquitin-positive intraneuronal inclusions in the
extra-motor cortices in patients with amyotrophic
lateral sclerosis. Neurosci Lett 1991; 129: 233-236.

6. Okamoto K, Murakami N, Kusaka H ef al. Ubiquitin-
positive intraneuronal inclusions in the extramotor
cortices of presenile dementia patients with motor
neuron disease. J Neurol 1992; 239: 426-430.

7. Wightman G, Anderson VER, Martin J etal. Hip-
pocampal and neocortical ubiquitin-immunoreactive
inclusions in amyotrophic lateral sclerosis with demen-
tia. Neurosci Lett 1992; 139: 269-274.

8. The Lund and Manchester Groups. Clinical and neu-
ropathological criteria for frontotemporal dementia. J
Neurol Neurosurg Psychiatry 1994; 57: 416-418.

9. Neary D, Snowden JS, Gustafson L ef al. Frontotem-
poral lobar degeneration. A consensus on clinical diag-
nostic criteria. Neurology 1998; 51: 1546-1554.

10. McKhann GM, Albert MS, Grossman M, Miller B,
Dickson D, Trojanowski JQ. Clinical and pathological
diagnosis of frontotemporal dementia. Report of the
work group on frontotemporal dementia and Pick’s
disease. Arch Neurol 2001; 58: 1803-1809.

11. Okamoto K, Hirai S, Amari M. Electron micrograph
of ubiquitin-positive intraneuronal inclusions in the
extra-motor cortices of amyotrophic lateral sclerosis.
Neuropathology 1996; 16: 112-116.

12. Arai T, Nonaka T, Hasegawa M et al. Neuronal and
glial inclusions in frontotemporal dementia with or
without motor neuron disease are immunopositive for
p62. Neurosci Lett 2003; 342: 41-44.

13. Nakano T, Nakaso K, Nakashima K, Ohama E.
Expression of ubiquitin-binding protein p62 in
ubiquitin-immunoreactive intraneuronal inclusions in
amyotrophic lateral sclerosis with dementia: analysis of

o

© 2010 Japanese Society of Neuropathology

- 183 -



Ubiquitin-positive inclusions in D-MND

14.

15.

16.

five autopsy cases with broad clinicopathological spec-
trum. Acta Neuropathol 2004, 107: 359-364.

Mizuno Y, Hori S, Kakizuka A, Okamoto K. Vacuole-
creating protein in neurodegenerative disease in
humans. Neurosci Lett 2003; 343: 77-80.

Neumann M, Sampathu DM, Kwong LK et al. Ubiq-
uitinated TDP-43 in frontotemporal lobar degenera-
tion and amyotrophic lateral sclerosis. Science 2006;
314:130-133.

Arai T, Hasegawa M, Akiyama H etal. TDP43 is a
component of ubiquitin-positive tau-negative inclu-

© 2010 Japanese Society of Neuropathology

17.

489

sions in frontotemporal lobar degeneration and
amyotrophic lateral sclerosis. Biochem Biophys Res
Commun 2006; 351: 602-611.

Cairns NJ, Bigio EH, Mackenzie IRA et al. Neuro-
pathologic diagnosis and nosologic criteria for fronto-
temporal lobar degeneration: consensus of the
Consortium for Frontotemporl Lobar Degeneration.
Acta Neuropathol 2007, 114: 5-22.

- 184 -



The British Journal of Radiology, 84 (2011), 229-235

Comparison of pulmonary thin section CT findings and serum
KL-6 levels in patients with sarcoidosis
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Objective: This study aimed to compare thin-section CT images from sarcoidosis

patients who had either normal or elevated serum KL-6 levels.

Methods: 101 patients with sarcoidosis who underwent thin-section CT examinations of

the chest and serum KL-6 measurements between December 2003 and November 2008

were retrospectively identified. The study group comprised 75 sarcoidosis patients (23

male, 52 female; aged 19-82 years, mean 54.1 years) with normal KL-6 levels (152-499

Uml™', mean 305.7 Uml™") and 26 sarcoidosis patients (7 male, 19 female; aged 19-75 years,

mean 54.3 years) with elevated KL-6 levels (541-2940 U ml~!, mean 802.4 Uml™"). Two chest

radiologists, unaware of KL-6 levels, retrospectively and independently interpreted CT

images for parenchymal abnormalities, enlarged lymph nodes and pleural effusion.

Results: CT findings in sarcoidosis patients consisted mainly of lymph node enlargement

(70/75 with normal KL-6 levels and 21/26 with elevated KL-6 levels), followed by nodules

(50 and 25 with normal and elevated levels, respectively) and bronchial wall thickening

(25 and 21 with normal and elevated levels, respectively). Ground-glass opacity, nodules, .

. . : : 3 5 s . R Received 26 July 2009
interlobular septal thickening, traction bronchiectasis, architectural distortion and Revised 17 September
bronchial wall thickening were significantly more frequent in patients with elevated KL-6 2009

levels than those with normal levels (p<0.001, p<0.005, p<0.001, p<0.001, p<0.001 and Accepted 6 October 2009

<0.001, respectively). By comparison, there was no significant difference in frequency of
p< p y). By comp g HUERLY DOI: 10.1259/bjr/65287605

lymph node enlargement between the two groups.

Conclusion: These results suggest that serum KL-6 levels may be a useful marker for

indicating the severity of parenchymal sarcoidosis.

KL-6 is a mucin-like high molecular weight glycopro-
tein that is expressed on Type Il pneumocytes and
respiratory bronchiolar epithelial cells in the normal lung
[1, 2]. Serum levels of KL-6 are elevated in various
respiratory and non-respiratory conditions, including
breast and pancreatic cancers [3, 4] and diabetes mellitus
[5]. This observation has led to a focus on the use of KL-6
as a diagnostic and prognostic tool in respiratory diseases.

Serum and bronchoalveolar lavage fluid levels of KL-6,
first described by Kohno et al [6] in 1988, were raised in
patients with interstitial pneumonia [1, 2, 7]. Several
investigators have also reported that KL-6 is a useful serum
marker to confirm diagnosis and for long-term manage-
ment in patients with diffuse pulmonary diseases, particu-
larly interstitial lung diseases. Patients with idiopathic
pulmonary fibrosis or non-specific interstitial pneumonia
showed significantly elevated KL-6 levels [8-13].

Several studies indicate that the serum KL-6 level is
elevated in patients with sarcoidosis [14-16]. However,
no studies describing radiological findings comparing
thin-section CT images between patients with elevated
KL-6 levels and those with normal KL-6 levels have been
published in the English language literature.
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Thus, we aimed to retrospectively evaluate and
compare pulmonary CT findings between patients with
elevated KL-6 levels and those with normal KL-6 levels.

Methods and materials

Patients

101 patients with known serum KL-6 levels who
underwent thin-section CT between December 2003 and
November 2008 at our institutions, and in whom
sarcoidosis was histologically and clinically diagnosed,
were included in this study. Thin-section CT scans were
performed within 3 days of KL-6 level measurements.
Transbronchial lung biopsy and other tissue biopsies
were performed within 2 weeks of the CT scan.

Our study included 75 sarcoidosis patients (23 men, 52
women; age range 19-82 years; mean age 54.1 years) with
normal KL-6 levels (152—499 Uml™'; mean 305.7 UmI™;
Table 1) in whom transbronchial lung biopsy (n=42),
surgical lung biopsy (n=1), lymph node biopsy (1=12),
muscle biopsy (1=4), testis biopsy (n=1), skin biopsy
(n=>5) or clinical diagnosis (17=10) had been performed.
26 sarcoidosis patients (7 men, 19 women; age range
19-75 years; mean age 54.3 years) with elevated KL-6
levels (521-2940 Uml™'; mean 802.4 Uml™; Table 1) in
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Table 1. Comparison of thin-section CT findings

Finding Normal KL-6 Elevated KL-6  p-Value
{n=75) (n=26)

Consolidation 3 (4.0) 2(7.7) NS

Ground-glass 10 (13.3) 16 (61.5) <0.001
opacity

Nodules 50 (66.7) 25 (96.2) <0.005

Interlobular 20 (26.7) 25 (96.2) <0.001
septal thickening

Traction 7 (9.3) 25 (96.2) <0.001
bronchiectasis

Intralobular 3(4.0) 0 (0) NS
reticular opacity

Architectural 7 (9.3) 26 (100) <0.001
distortion

Bronchial wall 25 (33.3) 21 (80.8) <0.001
thickening

Lymph node 70 (93.3) 21 (80.8) NS
enlargement

Pleural effusion 0 (0) 0 (0) NS

Data in parentheses are percentages. NS, not significant.

whom transbronchial lung biopsy (2=18), lymph node
biopsy (n=4), muscle biopsy (1=1), liver biopsy (1=1) or
clinical diagnosis (n=2) had been performed were also
included in this study. The ethical review boards of the
institutions that contributed cases to this study did not
require approval or informed consent for the retro-
spective review of patient records and images.

Patients with idiopathic interstitial pneumonia were
excluded from the study. Moreover, patients with all
other known cases of interstitial pneumonia (ie. con-
nective tissue disease, pneumoconiosis, hypersensitivity
pneumonitis or drug-induced pneumonitis), those diag-
nosed with concurrent infectious diseases by serological
tests and by clinical and pathological findings, and those
with malignancy or diabetes mellitus were excluded.

Sarcoidosis was diagnosed on the basis of histological
findings and clinical history. The clinical findings in all
patients were subsequently reviewed by two chest
radiologists to ensure that all cases fulfilled the diag-
nostic criteria recommended by the American Thoracic
Society and the European Respiratory Society [17].

CT examinations

Thin-section CT examinations were performed within 7
days of the chest radiographs. The CT examinations were
performed with 1 mm collimation at 10 mm intervals from
the apex of the lung to the diaphragm (n=25; 19 with
normal KL-6 levels and 6 with elevated KL-6 levels), or
volumetrically with a multidetector CT system with 1mm
reconstruction (1=76; 56 with normal KL-6 levels and 20
with elevated KL-6 levels). CT images were obtained at the
end of inspiration and in a supine position. The scanning
protocol consisted of the reconstruction of 1mm collima-
tion sections with a high spatial frequency algorithm at
10mm intervals. [iages were captured at window settings
allowing the viewing of the lung parenchyma (window
level —600 to —700 HU; window width 1200-1500 HU)
and the mediastinum (window level 2040 HU; window
width 400 HU). All initial scans were evaluated.
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Radiographic interpretation

Images were reviewed independently, in a random
order, by two chest radiologists (with 21 and 9 years of
experience in chest image interpretation). The observers
were unaware of KL-6 levels and clinical information.

Chest radiographs were used to classify the patients as
being Type 0 (normal chest radiograph), Type I (bilateral
hilar lymphadenopathy), Type II (bilateral hilar lympha-
denopathy with pulmonary infiltrates) and Type I
(pulmonary infiltrates without lymphadenopathy).

CT images were assessed for the following radiological
patterns: ground-glass opacity, consolidation, nodules,
interlobular septal thickening, traction bronchiectasis,
intralobular reticular opacity, architectural distortion,
bronchial wall thickening, enlarged hilar/mediastinal
lymph node(s) (>1 cm in diameter of the short axis) and
pleural effusion. Areas of ground-glass opacity were
defined as hazy increases in attenuation without obscura-
tion of vascular markings [18, 19]. Areas of consolidation
were defined as areas of increased attenuation causing
obscuration of normal lung markings [18, 19]. Interlobular
septal thickening was defined as abnormal widening of
interlobular septa [19]. Intralobular reticular opacity was
considered present when interlacing line shadows were
separated by a few millimetres [18, 19]. Traction bronch-
iectasis was defined as irregular bronchial dilatation
within the surrounding areas showing parenchymal
abnormalities. Architectural distortion was considered
present when bronchi, pulmonary vessels or interlobular
fissures or septa were abnormally displaced [19].

Measurement of KL-6 levels

Serum KL-6 levels were measured within 3 days of the
initial CT scans and before steroid treatment using a
sandwich-type enzyme-linked electrochemiluminescence
immunoassay kit (Picolumi KL-6; Sanko Junyaku, Tokyo).
The recommended cut-off value was determined at
500 Uml™ according to levels reported in healthy
individuals [6]. The assay was performed by technicians
unaware of the clinical information related to the samples.

Statistical analysis

Statistical analyses of the incidence of symptoms and
laboratory data were conducted using Fisher’s exact test
and the y* test. Mean age comparison was conducted
using Student’s t-test. A p<<0.05 was considered to be
statistically significant.

Results

Radiographs

Patients were radiographically classified as being Type
0 (n=17), Type I (n=29), Type I (1=38) or Type III
(n=17). The mean KL-6 value was 3014244 Uml™? in
stage 0, 3334259 Uml™ in stage I, 1136+ 777 Uml™ in
stage I and 13314775 Uml™ in stage IIl. The serum
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Sarcoidosis and serum KL-6 level

Figure 1. Images in a 69-year-old woman. (a) Transverse CT scan (1 mm section thickness) obtained at the level of right upper
lobe shows ground-grass appearance (arrows; KL-6, 2940 U mi™"). (b) Transverse CT scan (1 mm section thickness) obtained, after
surgical biopsy 4 years later, shows disappearance of ground-grass opacity (KL-6, 313 U ml™h.

KL-6 levels for Type II or III were significantly elevated
compared with those in Type 0 and T (p<<0.01).

CT patterns

CT findings are summarised in Table 1. Of the 75
patients with normal KL-6 levels, nodules (1=50, 66.7%)
were observed most frequently, followed by bronchial
wall thickening (n=25, 33.3%), interlobular septal thick-
ening (n=20, 26.7%), ground-glass opacity (1=10, 13.3%),
architectural distortion (n=7, 9.3%), traction bronchiec-
tasis (1=7, 9.3%), consolidation (11=3, 4%) and intralob-
ular reticular opacity (1=3, 4%) (Figures 1-4).

By contrast, of the 26 patients with elevated KL-6 levels,
architectural distortion (Figures 2 and 3) was observed in
all cases, followed by nodules (Figures 2—4), interlobular

septal thickening and traction bronchiectasis (=25, 96.2%;
Figures 2 and 3), bronchial wall thickening (n=21, 80.8%;
Figure 3), ground-glass opacity (1=16, 61.5%; Figure 1)
and consolidation (i1=2, 7.7%, Figure 4).

Ground-glass opacity, nodules, interlobular septal
thickening, traction bronchiectasis, architectural distortion
and bronchial wall thickening were significantly more
frequent in patients with elevated K1.-6 levels than in those
with normal KL-6 levels (p<0.001, p<<0.005, p<0.001,
p<0.001, p<<0.001 and p<<0.001, respectively).

Lymph nodes and effusions

In 70 of 75 patients with normal KL-6 levels (95.3%)
and in 21 of 26 patients with elevated KIL-6 levels
(80.8%), enlarged lymph nodes were observed at the

(a)

(b)

Figure 2. Image in a 69-year-old man. (a) Transverse CT scan (1 mm section thickness) obtained at the level of left lower lobe
shows a nodule in the periphery (arrow; KL-6, 333 U ml™"). (b) Transverse CT scan (1 mm section thickness) obtained 6 months
later shows architectural distortion (KL-6, 581 Uml™"). Traction bronchiectasis is also present (arrows).

The British Journal of Radiology, March 2011
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(a)

(b)

Figure 3. Images in a 35-year-old woman. (a) Transverse CT scan (1 mm section thickness) obtained at the level of upper lobes
shows multiple small nodules (arrows) and architectural distortion (arrowheads; KL-6, 1000 U mI™"). Traction bronchiectasis and
bronchial wall thickening are also present (white arrows). (b) Transverse CT scan (1 mm section thickness) obtained 6 months
later demonstrates disappearance of nodules, architectural distortion, traction bronchiectasis and bronchial wall thickening (KL-

6, 285 Uml™).

pre-tracheal, paratracheal, tracheobronchial or subcar-
inal regions (Figure 5). There was no significant differ-
ence in frequency of lymph node enlargement between
the two groups.

Pleural effusions were not found in any patients in the
study.

Follow-up study

Follow-up CT scans were obtained from 36 out of 101
patients at intervals of 1-61 months after initial CT
examination (mean follow-up time 7 months). Of 14
patients with ground-glass attenuation (2 patients with
normal KL-6 levels and 12 patients with elevated KL-6
levels), follow-up CT scans revealed complete clearing in
1 patient, a decrease in another patient, an increase in 1
patient and no change in 11 patients. In the patients with

complete clearing and decreased ground-glass opacity,
elevated KL-6 levels improved to within normal limits
(Figure 1). In all of the patients with unchanged findings,
initial KL-6 levels remained unchanged. By comparison,
in the patient with an increase in ground-glass opacity,
the KL-6 level worsened.

Of 19 patients with architectural distortion (2 with
normal KL-6 levels and 17 with elevated KL-6 levels),
follow-up CT scans showed a decrease in 4 patients, no
change in 14 patients and an increase in 1 patient. In all
patients with improved findings, KL-6 levels decreased
(Figure 3); in the patient with worsened findings, the KL-
6 level increased (Figure 2).

Of 33 patients with nodules (16 with a normal KL-6
level and 17 with elevated KL-6 levels), follow-up CT
scans showed a decrease in 9 patients, no change in 19
patients and an increase in 5 patients. Of the 9 patients
with improved findings, KL-6 levels improved in 7

(b)

Figure 4. Images in a 65-year-old woman. (a) Transverse CT scan (1 mm section thickness) obtained at the level of division of
right B6 shows consolidation in right middle lobe (arrow) and multiple nodules (arrowheads; KL-6, 400 Uml™"). (b) Transverse CT
scan (1mm section thickness) obtained 5 months later shows worsened consolidation (arrow) and unchanged nodules
(arrowheads); however, the KL-6 level is not elevated (KL-6, 397 Uml™").
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(a)

Figure 5. Images in a 46-year-old male (KL-6, 239 Uml™") (a) Transverse CT scan (1 mm section thickness) obtained at the level of
the right pulmonary artery shows enlarged lymph nodes at subcarinal and bilateral hilar regions (arrows). (b) Transverse CT scan
(1 mm section thickness) obtained at the level of the right pulmonary artery shows no abnormal parenchymal lesions.

patients (Figure 3) and remained unchanged in 2. Of the
19 patients with unchanged findings, KL-6 levels
improved in 4 patients, remained unchanged in 14 and
worsened in 1. By comparison, of the 5 patients with
worsened findings, KL-6 levels remained unchanged in 4
and worsened in 1.

Of 22 patients with bronchial wall thickening (8 with
normal KL-6 levels and 14 with elevated KL-6 levels),
follow-up CT scans showed a decrease in wall thickening
in 2 patients, no change in 19 patients and an increase in
1 patient. Of the patients with improved findings, KL-6
levels improved in 1 patient (Figure 3) and remained
unchanged in 1. In all of the 19 patients with unchanged
findings, initial KL-6 levels remained unchanged. In the
patient with an increase in bronchial wall thickening, the
KL-6 level worsened.

Of 3 patients with consolidation (2 with normal KL-6
levels and 1 with an elevated KL-6 level), follow-up CT
scans remained unchanged in 2 and worsened in 1. In all
of the patients with unchanged findings or worsened
findings (Figure 4), the initial KL-6 level remained
unchanged.

Of 28 patients with lymph node enlargement (15 with
normal KL-6 levels and 13 with elevated KL-6 levels),
follow-up CT scans showed a decrease in 1 patient and
no change in 27 cases. In the patient with improved
findings, the KL-6 level improved. Of the 27 patients
with unchanged findings, KL-6 levels improved in 13
patients with ameliorated parenchymal abnormalities
and worsened in 3 patients with exacerbated parenchy-
mal findings. No change was observed in 11 patients
with unchanged parenchvmal abnormalities.

Discussion

KL-6 is a mucin-like high molecular weight glycopro-
tein found in 1988 by Kohno et al [6]. This group also
developed a monoclonal antibody against KL-6, which
reacts with a sialylated carbohydrate antigen strongly ex-
pressed in Type II alveolar pneumocytes and bronchiolar

The British Journal of Radiology, March 2011

epithelial cells, but not on granulomatous tissue. Several
studies demonstrate that KL-6 is elevated in the broncho-
alveolar lavage fluid and serum of patients with various
types of interstitial pneumonia. The elevation of serum
KL-6 levels is considered to be associated with increased
permeability of the alveolar capillary barrier [20]. It has
also been reported that KL-6 induces chemotaxis of
human fibroblasts 711 vitro, suggesting that it may have a
pathological role in fibrosing lung disease [21]. Therefore,
measurement of serum KL-6 is now widely accepted as a
diagnostic marker for monitoring the activity of interstitial
lung diseases, such as idiopathic interstitial pneumonia,
and for the long-term management of various interstitial
diseases [1, 2, 7-11, 13].

The clinical picture of sarcoidosis varies from that of a
totally asymptomatic patient, with incidental radio-
graphic findings of bilateral hilar lymphadenopathy, to
a seriously dyspnoeic patient with acute respiratory
distress syndrome. Alveolitis and subsequent granulo-
matous processes are important in the pathogenesis of
sarcoidosis [22-24]. Bronchoalveolar lavage studies
have revealed that the alveolitis in sarcoidosis is
characterised by lymphocytic infiltration of T helper
cells. The activated T cells release various cytokines such
as interleukin-2 and interferon-gamma, which are
believed to play many important roles in the pathogen-
esis of sarcoidosis. Active alveolitis is often accompanied
by pulmonary tissue injury or clinical deterioration.

In 1989, Kohno et al [1] reported that serum KIL-6
levels were elevated in 4 of 31 patients with sarcoidosis;
however, further study was not performed. Kobayashi
et al [16] investigated the use of serum KL-6 as a marker
for sarcoidosis activity in 47 patients, and found that
serum KL-6 levels were significantly elevated in radio-
graphic Type II and Type III patients compared with
Type 0 and Type I cases. These observations are similar
to those in our study. However, it was difficult to
ascertain whether the pulmonary lesions in these
patients were characterised by interstitial, granuloma-
tous or fibrous changes.
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Hiroshige et al [25] presented a case report of a
sarcoidosis patient with an elevated serum KL-6 level,
where CT images showed panlobular ground-glass
opacity with mosaic distribution. After steroid treatment
the CT findings improved and serum KL-6 normalised.

However, no studies describing the radiological
findings comparing thin-section CT images between
patients with elevated KL-6 levels and those with normal
KL-6 levels have been published in English. We retro-
spectively identified 101 patients with sarcoidosis who
underwent chest thin-section CT examinations and had
serum KL-6 measured.

Ground-glass opacity, traction bronchiectasis, archi-
tectural distortion, nodules, interlobular septal thicken-
ing and bronchial wall thickening were significantly
more frequent in patients with elevated KL-6 levels than
those with normal ones.

Pathologically, ground-glass opacity is considered to
represent interstitial inflammatory infiltrate with marked
thickening of alveolar septa by fibrous tissue [26]. Lynch
et al [27] and Hiroshige et al [25] reported that ground-
glass opacities correlated with active diffuse alveolitis.

Traction bronchiectasis and architectural distortion are
considered to represent the organisation and fibrosis of
the lungs around the bronchi [26, 28]. Our results
showed that increased KL-6 levels in sarcoidosis patients
whose CT scans consisted of ground-glass attenuation,
architectural distortion or traction bronchiectasis may
have been caused by an increase in KL-6 production by
regenerating alveolar Type II pneumocytes and/or an
enhanced permeability following the destruction of the
air-blood barrier in the affected lungs.

Bronchial wall thickening, interlobular septal thicken-
ing and nodules along bronchi, interlobular septa and
pleural regions were also significantly observed more
frequently in patients with an elevated KL-6 level than in
those with a normal KL-6 level. CT findings are
considered to correspond to granulomas, with or without
perigranulomatous fibrosis, formed in the connective
tissue sheath around the bronchial walls, pulmonary
vessels and airways [29]. Thus, our results might be due
to perigrarutlomatous fibrosis with granulomas.

On the other hand, the present study showed that there
was no significant difference in the frequency of con-
solidation between the two groups. Consolidation has
revealed alveolitis with inflammatory exudates in alveolar
spaces and/or accumulated granulomatous lesions [29-
31]. In the present report, biopsy specimens correspond-
ing to consolidation could not be obtained, and whether
consolidation shows alveolitis or granulomatous lesions
remains unclear. This result may possibly be due to a low
frequency of consolidation in this study compared with
that of previous studies [31]. Future work should confirm
these findings by use of a greater sample size.

Finally, there were several limitations in our study.
First, we undertook a retrospective study, and CT image
interpretation was performed by consensus. Second, CT
findings were not compared with pathological findings
in all patients because some patients were asymptomatic
and the diagnosis of sarcoidosis could be performed
using clinical findings. Third, CT scans, measurement of
KL-6 levels and histological specimens were not obtained
on the same days. Fourth, CT images were obtained at
several CT scans using different protocols. Furthermore,
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the relationship between the extent of abnormal findings
and KL-6 levels was not evaluated.

In summary, thin-section CT findings of nodules,
bronchial wall thickening, ground-glass opacity, traction
bronchiectasis and architectural distortion were asso-
ciated with elevated serum KL-6 levels. These results
suggest that serum KL-6 levels may be a useful marker
for indicating the severity of parenchymal sarcoidosis.
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Osteopontin levels are elevated in patients with
eosinophilic pneumonia

Takuya UENO," EisHl MIYAZAKI,2 MasarRu ANDO," SHIN-IcHI NUREKI" AND TosHIHIDE KUMAMOTO?

'"Department of Internal Medicine 3, and ?Center for Community Medicine, Faculty of Medicine,
Oita University, Oita, Japan

ABSTRACT

Background and objective: Osteopontin is a key
cytokine involved in pro-inflammatory T helper type 1
(Thl)-associated immune responses, which has
recently been implicated in allergic diseases. We
investigated the pathogenic role of osteopontin in
eosinophilic pneumonia.

Methods: The concentrations of osteopontin and
Thl- or Th2-associated cytokines were measured in
BAL fluid (BALF) from 41 patients with eosinophilic
pneumonia, including those with acute (AEP, n=12),
chronic (CEP, n=16), or drug-induced eosinophilic
pneumonia (DEP, n = 13). The results were compared
with those from patients with other interstitial lung
diseases. Immunocytochemistry and double immunof-
luorescence labelling were performed to determine the
cellular source of osteopontin.

Results: Osteopontin was significantly elevated in
BALF from patients with eosinophilic pneumonia as
compared with BALF from patients with drug-induced
interstitial pneumonia, hypersensitivity pneumonitis,
idiopathic interstitial pneumonia, or sarcoidosis, and
also compared with BALF from healthy volunteers.
Osteopontin concentrations elevated at the time of
exacerbation decreased during clinical improvement,
cither spontaneously or as a result of corticosteroid
therapy. Flevated concentrations of CXCL10, CCL17
and IL-10 were also detected in BALF from patients
with eosinophilic pneumonia. Osteopontin concentra-
tionsin BALF of AEP patients were correlated with IL-5,
as well as IL-10, CCL11, CCL17 and CXCL10 concentra-
tions. In AEP and DEP patients, serum osteopontin
concentrations were also elevated. Double immunof-
luorescence labelling showed that in patients with eosi-
nophilic pneumonia, osteopontin was expressed in
lung eosinophils.
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SUMMARY AT A GLANCE

Osteopontin concentrations were considerably
elevated in BAL fluid of patients with eosinophilic
pneumonia, and osteopontin was expressed at
high levels in lung eosinophils. There was a strong
correlation between osteopontin and IL-5 levels in
acute eosinophilic pneumonia. Osteopontin may
contribute to the development of eosinophilic
pneumonia.

Conclusions: Osteopontin is likely to contribute to
the development of inflammation in patients with
eosinophilic pneumonia.

Key words: cytokine, eosinophil, interstitial lung

disease, osteopontin, pneumonia.

INTRODUCTION

Osteopontin is a secreted phosphorylated acidic gly-
coprotein that contains the arginine-glycine-aspartic
acid (RGD) integrin-binding domain commonly
found in matrix proteins.' Osteopontin has functions
in various physiological and pathological processes,
including bone remodelling, maintenance or recon-
figuration of tissue integrity during inflammatory
processes, tumour cell metastasis, and cell-mediated
immunity.~* Previous studies have shown that
osteopontin contributes to the development of Thl-
mediated immunity and Thl-associated diseases.?
Increased levels of osteopontin have been observed in
various Thl-associated lung diseases, including sar-
coidosis’ and tuberculosis.® Osteopontin has also
recently been implicated in allergic diseases. Elevated
levels of osteopontin have been detected in the tear
fluid of patients with allergic conjunctival diseases,®
and in the airways of patients with bronchial
asthma,”™ or chronic rhinosinusitis with nasal
polyps.’

Eosinophilic pneumonia is characterized by the
accumulation of eosinophils in the lung parenchyma,
which can result from several conditions, includ-
ing allergic reactions to various drugs or fungi,

Respirology (2010) 15, 1111-1121
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helminthic infections and environmental
exposures.'™? When these specific causes can be
excluded, eosinophilic pneumonia is classified as
idiopathic, and this includes chronic eosinophilic
pneumonia (CEP}'™"” and acute eosinophilic pneu-
monia (AEP).""*2 Unlike CEB the aeticlogy of which
is usually undetermined, most cases of AEP in Japan
occur in association with cigarette smoking.'* AEP
can also be clinically and histologically distinguished
from CEP;* however, both syndromes share several
immunological mechanisms that lead to eosinophilic
inflammation. In general, eosinophilic pneumonia is
characterized by a Th2-polarized condition, with
increased levels of the Th2-derived cytokines 1L-4,
IL-5 and TL-13. as well as the Th2-attracting chemok-
ines thymus- and activation-regulated chemokine
(TARC)/CC  chemokine ligand (CCL)17, and
macrophage-derived chemokine (MDC)/CCL21, in
BAL fluid (BALF) of patients.?* % However, the roles of
osteopontin, as well as the Thl-associated chemokine
interferon-inducing protein-10/CXCL10, in eosino-
philic pneumonia have not yet been elucidated.

In the present study, we investigated the patho-
genic role of osteopontin in eosinophilic pneumonia
by measuring osteopontin levels in the BALF and
serum of patients with various types of eosinophilic
pneumonia, including AEP, CEP and drug-induced
eosinophilic pneumonia (DEP). In addition, the rela-
tionship between BALF osteopontin concentrations
and clinical and immunological parameters was
analysed. The cellular source of osteopontin was
determined by immunocytochemistry and double
immunofluorescence labelling.

METHODS
Patients

The study was performed retrospectively with
approval from the institutional review board. Forty-
one patients with eosinophilic pneumnonia, including
those with AEP, CEP or DEP, who were treated at the
Qita University Hospital or the Shin-Beppu Hospital
between January 1995 and July 2007, were included in
the study. AEP was diagnosed according to the follow-
ing criteria: acute febrile iliness, bilateral diffuse pul-
monary infiltrates, hypoxaemia, an increased
percentage of eosinophils in BALF and the absence of
possible causes other than smcking. CEP was diag-
nosed by the following criteria: typical clinical fea-
tures cansistent with CEP (fever, malaise, weight loss,
cough, sputum), dense, multiple foci of consclidation
in the peripheral lungs, an increased percentage of
eosinophils in BALE the absence of possible causes,
and a prompt response to corticosteroid therapy.
Attention was paid to the differential diagnosis of
allergic bronchopulmonary aspergillosis. Patients
with DEP satisfied the following diagnostic criteria:
pulmonary eosinophilia >10%, prompt improvement
after cessation of the causative drug, the absence of
other possible causes, and a positive reaction to lym-
phocyte stimulation tests or recurrence of the symp-
toms on challenge with the drug.

Respirology (2010) 15, 1111-1121
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The study also included patients with drug-induced
interstitial pneumonia (DIP), who met the criteria for
DEP but did not show pulmonary eosinophilia. In
addition, patients with hypersensitivity pneumonitis,
idiopathic interstitial pneumonia or sarcoidosis, as
well as healthy volunteers, were included as control
subjects. For each of these patients, the diagnosis was
established on the basis of standard clinical criteria
and histopathological evidence. Patients with malig-
nancies, autoimmune diseases or complicated infec-
tious diseases were excluded because increased
circulating levels of osteopontin have been observed
in these diseases,*

BAL

After informed consent was obtained, BAL was per-
formed principally for diagnostic purposes. Brielly, a
fibreoptic bronchoscope was placed into a bronchus
of the affected lobe, three 50-mL aliquots of saline
solution were instilled and the BALF specimens were
collected. After determination of the total cell con-
centration, the cells were placed on slides by cytospin
centrifugation at 70 x g for 5 min and stained with
May-Griinwald-Giemsa solution for a differential
count on 300 ceils. The remaining BALF was centri-
fuged at 5,200 x g for 20 min to remove cells and the
supernatants were stored at ~80°C until used in the
ELISA.

Blood samples

Serum samples were obtained by centrifugation of
clotted blood (1500 g, 4°C, 10 min), and stored at
-80°C until the measurements were performed.

Measurement of osteopontin, cytokines and
chemokines

The levels of osteopontin and other cytokines and
chemokines were measured using specific, commer-
cially available kits according to the manufacturer’s
protocol. Osteopontin concentrations were measured
using an ELISA kit (IBL, Gunma, Japan), and the con-
centrations of other cytokines and chemokines were
measured using ELISA kits from R&D Systems Inc.,
Minneapolis, MN, USA. The lower limits of detection
for osteopontin, IL-5, IL-10, eotaxin/CCL11, CCL17
and CXCL10 were 3.3 ng/mL, 4.0 pg/mL, 3.9 pg/mL,
5.0 pg/mL, 7.0 pg/mL and 1.7 pg/mL, respectively.
For the purposes of statistical analysis, concentra-
tions below the detection limits were assumed to
be zero.

Immunocytochemistry for osteopontin

Aliquots of BAL cells (1 x 10° cells) were pelleted onto
glass slides and fixed in cold acetone for 10 min. After
incubation in a solution containing 1% BSA and 10%

© 2010 The Authors
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Characteristics of the patients with different types of eosinophilic pneumonia and other diffuse inflammatory

Gender Smoking smokers/ Eosinophils in Asthmatic Duration from the
mate/female Age (years) non-smokers serum (%) yes/no onset {days)

AEP 10/2 19 (15-21)** 12/Q*** 8.9 {0.0-23.6) 3/9 3(1-7)%*
CEP 4/12* 54 (24-79) 5/11 20.0 (14.1-46.6)** 6/10 21 {24-52)
DEP 10/3 66 (26-83) 8/5 6.9 (0.4-40.8) 1/12 5 (3-16)

DIP 6/4 70 (35-79) 46 3.8 (0.7-12.4) 0/10 6(3-17)

HP 4f7 62 (52-82) 477 3.7 {1.2-10.1) 1/10 16 (11-24)

P 9/6 71 (48-81) 87 4.0 {0.6~12.8) 1/14 ND

SAR 10/30*% 53 (19-83) 13/27 3.2{0.8-8.9) 2/38 ND

HV 12/2 25 (21-32) 717 — 0/14 —

Data are presented as medians {range) unless indicated otherwise.

* P< 0.001 compared with the HV group {chi-square test); " P < 0.05 compared with the other groups (Mann-Whitney
U-test); *** P < 0.05 compared with the other groups (chi-square test).

AEP, acute eosinophilic pneumonia; CEP, chronic eosinophilic pneumonia; DEP, drug-induced eosinophilic pneumo-
nia; DIP, drug-induced interstitial pneumonia; HP, hypersensitivity pneumonitis; HV, healthy volunteer; IIP, idiopathic
interstitial pneumania; ND, not determined; SAR, sarcoidosis.

normal goat serum, the specimens were incubated for
2 h at room temperature with a 1:5000 dilution of
rabbit anti-human osteopontin polyclonal antibody
(PoAb; Thermo Scientific, Fremont, CA, USA). Nega-
tive controls were incubated with rabbit 1gG at the
same concentration as the primary antibody. After
blocking endogenous peroxidase activity by incuba-
tion in a solution of 0.3% H:0, (Wako Pure Chemical
Industries, Osaka, Japan) and 0.1% NaN; for 30 min,
the bound antibodies were labelled with biotin-
conjugated goat anti-rabbit IgG. Avidin-biotin-
peroxidase  complex {(Vector  Laboratories,
Burlingame, CA, USA) was applied for 30 min and
peroxidase activity was visualized by incubation with
amino-3, 9-ethylcarbazole for 10 min. The sections
were counter-stained with Mayer’s haematoxylin and
mounted with Aquatex (Merck KGaA, Darmstadt,

Germany).

Double immunofluorescence labelling

For double immunofluorescence, 1x 10° BAL cells
were pelleted onto glass slides and fixed in 4%
paraformaldehyde for 10 min. The fixed cells were
treated with 0.5% Triton-X (Sigma-Aldrich, St Louis,
MO, USA) in PBS for 15 min. After blocking endog-
enous peroxidase activity by incubation in a solution
of 3% BSA in 0.1% Triton-X/PBS for 20 min, the slides
were incubated with a 1:25 dilution of rabbit anti-
human osteopontin PoAb and a mouse anti-human
major basic protein (MBP) mAb (Millipore, Billerica,
MA, USA) or a mouse anti-human integrin-o4 {9F10)
mAb (Santa Cruz Biotechnology, Santa Cruz, CA,
USA), at the same dilution, at room temperature for
2 h. After washing three times with 0.1% Triton-X/
PBS, the slides were stained for 2 h at room tempera-
ture with an Alexa-Fluor 488 F(ab’),-labelled fragment
of goat anti-rabbit IgG for detection of osteopontin or
with an Alexa-Fluor 568 F(ab’);-labelled fragment of

© 2010 The Authors
Respirology © 2010 Asian Pacific Society of Respirology

goat anti-mouse IgG (Molecular Probes, Invitrogen,
Carlsbad, CA, USA), both diluted 1:100, for detection
of MBP and integrin-a4. Alternatively, the specimens
were labelled with anti-osteopontin PoAb followed by
Alexa-Fluor 488 F(ab”), fragment of goat anti-rabbit
IgG, and then incubated with 50 ug/mL of propidium
iodide (Sigma-Aldrich) to visualize nuclei. Images
were captured by confocal microscopy (Carl Zeiss,
Inc., Oberkochen, Germany).

Statistical analyses

Data are presented as median values with the ranges.
The Kruskal-Wallis test was used to compare the
values for the different groups. If there were signifi-
cant differences between the groups, inter-group dif-
ferences were assessed for statistical significance
using the non-parametric Mann~-Whitney U-test. Dif-
ferences in the characteristics of the study popula-
tions were assessed using the chi-square test for
nominal data and Student’s z-test for continuous
data. Changes in osteopontin levels during evolution
of the disease within the same individual were
assessed using the Wilcoxon signed rank test, Spear-
man's correlation coefficient was used to assess
potential correlations between variables. P-values <
0.05 were considered statistically significant.

RESULTS
Patient characteristics and BAL profiles

The characteristics of the study population are shown
in Tablel. The eosinophilic pneumonia group
included 24 male patients and 17 female patients. The
median age was 52years (range 15-83). Twelve
patients met the criteria for AEP, 16 met the criteria for
CEP, and 13 met the criteria for DEP. The patients in

Respirology {2010) 15, 1111-1121
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Table 2 Cellular profile of BAL from patients with different types of eosinophilic pneumania and other diffuse

inflammatory lung diseases

Recovery (%) Cell count {x10%mL)

Eosinophils (%)

Lymphocytes (%) Neutrophils (%)

AEP 53.3 (30.0-70.0)* 10.0 (3.3-86.1)* 50.1(26.4-86.4)** 18.2 (5.9-34.3)* 2.8 (0.0-5.5)
CEP 38.7 (28.7-63.3)* 6.5 (1.2-25.0)* 47.8 (14.0-93.0)** 5.0 {0.5-38.0) 1.8 (0.0-13.4)
DEP 46.2 (26.6-73.3)* 4.3{(1.5-9.0)* 26.4 (11.7-33.7)** 27.4 (5.2-56.3)* 4.0 (0.0-40.0)
DIP 45.6 (33.3-61.1)* 5.4 (0.7-21.4)% 5.0 (0.0-9.0) 21.9 (13.0-79.0)* 3.3(0.0-64.0)
HP 40.8 (30.0-63.3)* 12.1(6.2-32.9)* 0.6 (0.0-6.2) 72.2 (52.0-83.7)* 12.5 (8.8-25.2)*
P 33.3 (23.3-63.3)* 1.4 (0.8-3.5) 2.3 (1.0-8.2) 12.2 (4.1-62.2) 4.5 (1.0-11,2)*
SAR 51.3 (33.3-80.0)* 2.4 (1.0-7.2)* 0.0 (0.0-1.0) 23.8 (31.3-96.3)* 0.5 (0.0-1.6)
HV 62.0 (63.3-74.7) 1.5(0.8-2.4) 0.2 (0.0-4.7) 5.4 (1.3-8.5) 1.2 {0.0-2.8)

Data are presented as medians (range).

* P< 0.05 compared with the HV group {(Mann-Whitney U-test);

** P<0.001 compared with the DIP, HP, IIP, SAR and HV groups {(Mann-Whitney U-test).

AEF, acute eosinophilic ppneumonia; CEP, chronic eosinophilic pneumonia; DEP, drug-induced eosinophilic pneumo-
nia; DIP, drug-induced interstitial pneumonia; HP, hypersensitivity pneumonitis; HV, healthy volunteer; IIP, idiopathic

interstitial pneumonia; SAR, sarcoidosis.

the AEP group tended to be younger than those in the
other groups. All patients with AEP were current
smokers. The percentage of peripheral blood eosino-
phils was significantly higher in the CEP group than in
the other groups. Three patients with AEP had previ-
ous histories of bronchial asthma; however, none of
these individuals had asthma symptoms at the time of
presentation. Six patients with CEP and one patient
with DEP had current symptoms of bronchial asthma.
None of the patients with DIB, hypersensitivity pneu-
monitis, idiopathic interstitial pneumonias or sarcoi-
dosis had current symptoms of asthma. All patient
samples were obtained at the time of diagnosis, and
none of the patients was undergoing treatment with
corticosteroids or other immunomodulatory drugs at
the time of sampling.

The BAL cell profile is summarized in Table 2. BAL
cell numbers were significantly increased in the AER,
CEP, DEB, DIP, hypersensitivity pneumonitis and sar-
coidosis groups as compared with the control group.
The percentages of BAL eosinophils were significantly
higher in the AER CEP and DEP groups compared
with the other groups. All patients, except those in the
CEP group, showed increased percentages of lympho-
cytes in BAL as compared with the control group. The
AEP, hypersensitivity pneumonitis and idiopathic
interstitial pneumonia patients had more BAL neu-
trophils compared with the control group.

Osteopontin concentrations in BALF

Osteopontin was detected in unconcentrated BALF
from all patients with eosinophilic pneumonia. The
osteopontin concentrations in BALF of patients with
eosinophilic pneumonia were significantly higher
than those in BALF of patients with DIP, hypersensi-
tivity pneumonitis, idiopathic interstitial pneumonia,
or sarcoidosis, and also compared with those in
healthy control subjects (Fig. 1a). However, there was
no significant difference in BALF osteopontin con-

Respirology (2010} 15, 1111-1121

centrations between the different groups of eosino-
philic pneumonia patients, and interestingly, patients
with DEP had significantly higher osteopontin con-
centrations compared with those with DIP {Fig. 1b).

The influence of incident asthma on the BALF
osteopontin concentrations was investigated. There
were no significant differences in the BALF esteopon-
tin concentrations between all asthmatic and all non-
asthmatic subjects, or between the asthmatic and
non-asthmatic subjects within the eosinophilic pneu-
monia group. Similarly, the patients with AEP were all
smokers; however, there were no differences in BALF
osteopontin concentrations between smokers and
non-smokers.

CXCL10, CCL17 and IL-10 concentrations
in BALF

To understand the immunological characteristics of
AEP CEP and DEP, CXCL10, CCL17 and IL-10 levels
were measured in BALE CXCL10 levels were signifi-
cantly higher in patients with AEE CEP or DEF, and in
sarcoidosis patients when compared with healthy vol-
unteers (Fig. 2a). There were no differences in BALF
CXCLI10 levels among AEE, CEP and DEP patients.

All but three of the 41 patients with eosinophilic
pneumnonia had detectable concentrations of CCL17
in their BALE whereas CCL17 was detected in only
one of the 12 healthy volunteers and in none of the 40
sarcoidosis patients. BALF CCL17 concentrations
were significantly higher in patients with AEP CEP
or DEP than in patients with sarcoidosis or healthy
volunteers (Fig. 2b). These results are consistent with
previously published data.?

Detectable IL-10 concentrations were present in
BALF from 25 of 38 patients with eosinophilic pneu-
monia, whereas [L-10 was detected in BALF from only
two healthy volunteers and was not detected in BALF
from sarcoidosis patients. BALF IL-10 concentrations
were significantly higher in patients with AEP, CEP or

© 2010 The Authors
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Figure 1 (a) Osteopontin concentrations in BAL fiuid from healthy volunteers (HV) and patients with eosinophilic
pneumonia (EP), drug-induced interstitial pneumonia (DIP), hypersensitivity pneumonitis (HP), idiopathic interstitial
pneumonia (lIP) or sarcoidosis (SAR). The EP group was subdivided into patients with acute eosinophilic pneumonia
(AEP), chronic eosinophilic pneumonia (CEP) or drug-induced eosinophilic pneumonia {DEP). (b) Comparison of
osteopontin concentrations in BAL fluid of patients with AEP, CEP, DEP or DIP. Osteopontin concentrations are plotted
on a log scale, with the short horizontal lines indicating the median values. The detection limits of the assay are
indicated by the horizontal dashed line. *P < 0.0001, **P<0.001, ***P< 0.05 (Mann-Whitney U-test).
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Figure 2 The concentrations of {a) CXCL10, (b} CCL17 and (c) IL-10 in BAL fluid of healthy volunteers {HV) and patients
with acute eosinophilic pneumonia (AEP), chronic eosinophilic pneumonia (CEP), drug-induced eosinophilic pneumo-
nia (DEP) or sarcoidosis (SAR). The concentrations are plotted on a log scale, with the short horizontal lines indicating
the median values. The detection limits of the assays are indicated by the horizontal dashed lines. *P< 0.0001,

**P < 0.005 (Mann-Whitney U-test).

DEP than in sarcoidosis patients (Fig. 2c). There were  parallel with clinical improvement, by the time of the
no differences in BALF IL-10 levels among the differ-  second BAL (Fig. 3).
ent groups of eosinophilic pneumonia patients.

Osteopontin levels were correlated with CRP,
Changes in osteopontin concentrations during IL-5, IL-10, CCL11, CCL17 and CXCL10 levels in
the clinical course of eosinophilic pneumonia patients with acute eosinophilic pneumonia

Ten patients with eosinophilic pneumonia under-  The correlations of BALF osteopontin concentrations
went a second BAL approximately 17 days (range  with several biomarkers, including cytokines and
11-43 days) after the initial examination. Six of these ~ chemokines were examined in patients with AEP
patients were being treated with corticosteroids. The ~ There was a significant correlation between BALF
elevated BALF concentrations of osteopontin  osteopontin concentrations and serum CRP levels,
observed at the time of the first BAL had decreased,in  which reflect the degree of inflammation and may be
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Figure 3 Osteopontin concentrations in BAL fluid
obtained at the active and resolution phases of the
disease in 10 patients with eosinophilic pneumonia,
including three with acute eosinophilic pneumonia, four
with chronic eosinophilic pneumonia, and four with drug-
induced eosinophilic pneumonia. Six patients received
corticosteroid therapy (open circles} and the remaining
four patients showed spontaneous resolution (closed
circles). Osteopontin concentrations are plotted on a log
scale. The detection limit of the osteopontin assay is
indicated by the horizontal dashed line.

indicative of disease activity (Fig. 4a). BALF osteopon-
tin concentrations were also significantly correlated
with the concentrations of CXCL10, IL-5 and CCL11 in
the BALF of patients with AEP (Fig. 4b~d). In addition,
there were positive correlations between osteopontin
and IL-10 (P=0.0086, r=0.876), as well as CCL17
concentrations (P=0.0498, = 0.618).

Circulating osteopontin levels

Circulating osteopontin concentrations were signifi-
cantly higher in patients with AEP or DEP than in
healthy control subjects (Fig. 5); however, osteopon-
tin measurements did not enable patients with eosi-
nophilic pneumonia to be distinguished from healthy
controls. Elevated serum osteopontin levels were also
observed in sarcoidosis patients. There was a signifi-
cant correlation between the BALF and serum
osteopontin concentrations in sarcoidosis patients,
but not in patients with eosinophilic pneumonia.

Expression of osteopontin in BAL cells

Immunocytochemistry was performed to detect
osteopontin in BAL cells from patients with eosino-

Respirology (2010 15, 1111-1121
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philic pneumonia or sarcoidosis, as well as healthy
volunteers. Negative controls incubated with an irrel-
evant isotype-matched lg were unilormly non-
reactive. Osteopontin expression was detected on
cells with glass-shaped nuclei in BALF from patients
with eosinophilic pneumonia (Fig. 6a), but not from
patients with sarcoidosis or healthy volunteers.
Osteopontin expression was also observed in most
large mononuclear cells obtained from patients with
eosinophilic pneumonia (Fig. 6a) or sarcoidosis
(Fig. 6b), as well as those from healthy volunteers
(Fig. 6c).

Phenotype of osteopontin-positive cells

Double immunofluorescence labelling was per-
formed to determine the phenotype of osteopontin-
positive cells in BALE Double immunofluorescence
labelling with an osteopontin antibody and pro-
pidium iodide showed that most of the osteopontin-
positive cells possessed glass-shaped nuclei (Fig.
6d-f}. Double immunofluorescence labelling with
antibodies to osteopontin and MBP or integrin-o4, as
eosinophil markers, showed co-expression of
osteopontin and MBP by the same BAL cells (Fig. 6g-
i). Similarly, BAL cells co-expressed osteopontin and
integrin-o4, which is a component of very late
antigen-a4 (Fig. 6j-1).

DISCUSSION

The present study is the first to report increased
concentrations of osteopontin in BALF of patients
with eosinophilic pneumonia. The BALF osteopontin
levels in patients with eosinophilic pneumonia were
significantly higher than those in patients with other
types of diffuse inflammatory lung diseases. BALF
osteopontin levels were increased in active disease
and decreased during the patient’s clinical improve-
ment. Osteopontin Ievels were closely correlated with
IL-5 and CCLI1 levels in the BALF of patients with
AEP. Double immunofluorescence labelling showed
that osteopontin was expressed in lung eosinophils in
the BALF of patients with eosinophilic pneumonia.
These findings suggest that osteopontin plays a role
in the pathogenesis of eosinophilic pneumonia.
Serial examination of BAL in 10 patients with eosi-
nophilic pneumonia showed that osteopontin con-
centrations decreased dramatically in parallel with
clinical improvement. At the time of the second BAL,
six patients were receiving corticosteroid treatment.
Hayami et al. showed that dexamethasone treatment
induced an increase in osteopontin expression.?
However, Kirton et al. have shown that dexametha-
sone treatment reduced the expression of osteopon-
tin*® The present results are consistent with the
observations of Kurokawa etal, who showed an
inhibitory effect of corticosteroids on osteopontin
production in a murine model of allergic asthma.”'
The present study also showed that BALF osteopontin
concentrations were significantly correlated with
serum CRP levels, an indication of disease activity, in
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Although increased concentrations of osteopontin
1 000~ X2 in serum or plasma have been reported in several
inflammatory conditions, infectious diseases and
malignancies, ™ few studies have measured
! osteopontin levels in BALE Previous studies have
— documented high levels of osteopontin expression in
100+ ‘ Thi-mediated granulomatous lung diseases, such as
— ° sarcoidosis* and tuberculosis.® In the present study,
¢ i (] B osteopontin levels were higher in patients with eosi-
'- B nophilic pneumonia than in those with sarcoidosis or
10— ° hypersensitivity pneumonitis. In addition, elevation
. ¢ ° of BALF osteopontin concentrations was indepen-
33Femaao- e dent of the clinical type of eosinophilic pneumonia,
suggesting that elevated osteopontin levels may be a
. - universal feature of the pathophysiology of easino-
1 philic inflammation and pneumonia. Furthermore,

HV AEP CEP DEP SAR

Figure 5 Serum osteopontin concentrations in healthy
volunteers (HV) and patients with acute eosinophilic
pneumonia (AEP}, chronic eosinophilic pneumonia {CEP),
drug-induced eosinophilic pneumonia (DEP) or sarcoido-
sis (SAR). Osteopontin concentrations are plotted on a
log scale, with the short horizontal lines indicating the
median values. The detection limit for osteopontin is indi-
cated by the horizontal dashed line. *P < 0.001, ¥**P < 0.05
(Mann-Whitney U-test).
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comparison of BALF osteopontin levels in different
drug-induced lung diseases categorized according to
the presence of BALF eosinophilia showed that
osteopontin concentrations were significantly higher
in patients with DEP than in those with DIP. These
results suggested a relationship between osteopontin
levels and pulmonary eosinophilia.

Double immunofluorescence labelling was per-
formed to assess the co-expression of osteopentin
and eosinophil markers in the same cells obtained by
BAL. The results showed that the osteopontin-
positive cells in the BALF of patients with eosinophilic
pneumonia were eosinophils and macrophages. This
observation is consistent with previous studies

Respirology (2010) 15, 1111-1121
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Figure 6 Immunocytochemical (a-c} and double immunofluorescence labelling (d-1} of BAL cells from healthy voiun-
teers and patients with eosinophilic pneumonia or sarcoidosis, using specific antibodies for osteopontin, major basic
protein (MBP) and integrin-c4. Representative results are shown. (a) Most cells with glass-shaped nuclei were positive
for osteopontin in a patient with acute eosinophilic pneumonia {AEP). (b) Mononuclear cells from a patient with
sarcoidosis, and (¢} from a healthy volunteer were positive for osteopontin. (d), (g) and {j) Immunofluorescence labelling
for osteopontin in BAL cells harvested from a patient with AEP (green). Co-labelling with (e) propidium iodide, (h)
anti-MBP antibody and (k) anti-integrin-a4 antibody is indicated in red. (f) The merged images show osteopontin
expression in cells with glass-shaped nuclei; {i) colocalization of osteopontin with MBP and (l) colocalization of
osteopontin with integrin-a4 (yellow). (e) Cells labelled with integrin-«4 were osteopontin-positive, and (I} a cell that

was only positive for osteopontin was also observed.
-

showing that osteopontin is expressed by tissue eosi-
nophils infiltrating into nasal polyps,”® and located in
the peribronchial inflammatory infiltrate of asthma
patients.” Given the large numbers of eosinophils in
the BALF of patients with eosinophilic pneumonia,
lung eosinophils are likely to be the major source of
osteapontin at sites of inflammation. The present
study was unable to clarify whether other cells, such
as injured epithelium and vascular endothelium in
the inflamed lungs of patients with eosinophilic
prneumonia,** contribute to the production and
increased levels of osteopontin in BALE.

Given that accumulation of eosinophils in the lungs
is thought to be a major factor in the pathogenesis of
eosinophilic pneumonia, and that eosinophil-derived
proteins are likely to cause lung injury, attention has
recently focused on the mechanisms of eosinophil
recruitment to the lungs. In this context, the Th2-
associated cytokines, IL-4, IL-5 and IL-13, and the
Th2-attracting chemokines, CCL17, CCL22 and
CCL11, participate in eosinophilic inflammation by
upregulating Th2-type immune responses.”** In
the present study, osteopontin levels were closely cor-
related with the levels of IL-5 and CCL11 in BALF of
patients with AEP. Recently, osteopontin was shown
to induce IL-5 production in the sino-nasal mucosa of
patients with chronic rhinosinusitis,® and Puxeddu
et al. showed that IL-5 increased osteopontin expres-
sion in human eosinophils.* Tn addition, recent
studies showed close correlations between osteo-
pontin concentrations and the numbers of tissue
eosinophils,** while in wvitro studies showed that
osteopontin  promoted eosinophil chemotaxis.?'*
Therefore, the cycle of eosinophilic inflammation
may be amplified due to induction of osteopontin by
IL-5 and the recruitment and activation of eosino-
phils by osteopontin.

In the present study, CXCL10, CCL17 and IL-10 con-
centrations were measured in BALF of patients with
eosinophilic pneumonia or sarcoidosis. The chemok-
ine and cytokine BALF concentrations were higher in
eosinophilic pneumonia than in sarcoidosis. CXCL10
is a specific ligand for CXCR3 on Thl cells; this
chemokine is therefore thought to be important in
Th1l-mediated immune responses.**’ Kato et al. have
previously shown increased CXCL10 concentrations
in BALF of patients with CER* although there was no
increase in CXCR3-expressing CD4* T lymphocytes.
Therefore, CXCL10 may have alternative functions in
eosinophilic pneumonia. It has been reported that

© 2010 The Authors
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CXCR3 is also expressed on Th2 cells,® and that when
these Th2 cells are activated, they are recruited to the
airways in response to CXCL10.**' Human peripheral
blood eosinophils are also reported to migrate in
response to the CXCR3 ligands.*? The present study
showed that IL-10 was detectable in over half the
patients with eosinophilic pneumonia, whereas
osteopontin was undetectable in all patients with
sarcoidosis, suggesting that 1L-10 may be more
important in eosinophilic pneumonia. IL-10 is an
anti-inflammatory Th2 cytokine, and a recent in vitro
study showed that IL-10 induced osteopontin expres-
sion in dendritic cells.*® Further studies are required
to clarify the functional link between TL-10 and
eosinophil-derived osteopontin,

Serum osteopontin levels were also measured in
patients with eosinophilic pneumonia or sarcoidosis.
Serum osteopontin levels were higher in sarcoidosis
patients than in control subjects, which is in keeping
with the results of previous studies.** Serum
osteopontin concentrations were also elevated in
patients with AEP or DEP; however, osteopontin levels
could not be used to distinguish between patients
with eosinophilic pneumonia and healthy control
subjects. Because BALF protein is estimated to be 100
times less concentrated than that of the alveolar lining
fluid,** the ratio of osteopontin in BALF to that in
serum appeared to be high in patients with eosino-
philic pneumonia. This indicated that osteopontin is
mainly generated in the inflamed lungs of patients
with eosinophilic pneumonia. However, osteopontin
production in granulomatous lesions at sites other
than the lungs may contribute to the elevation of
serum osteopontin in sarcoidosis patients.

The present study was performed retrospectively at
a single institution. Given the low incidence of eosi-
nophilic pneumonia, sera that had been stored at
-80°C were used for the measurement of osteopontin.
Although osteopontin may be less stable in serum
than in plasma, preliminary experiments showed a
good correlation between the osteopontin concentra-
tions measured in serum and plasma. Serum
osteopontin levels have been used as a diagnostic or
prognostic biomarker in malignancies.**” However,
there were only small numbers of patients in each of
the eosinophilic pneumonia groups. To avoid these
limitations, a prospective multicentre study is
required.

The increased generation of osteopontin by lung
eosinophils may be crucial to the development of

Respirology {2010) 15, 1111-1121

= 200 -



1120

eosinophilic pneumonia, The present study showed
wide variations in osteopontin levels in BALF and
serum from patients with eosinophilic pneumonia,
and this may be associated with the strength of Th2
responses, as well as the clinical course and other
undetermined factors. Further studies are warranted
to define the exact role of osteopontin in lung inflam-
mation in patients with eosinophilic pneumonia.
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