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IDENTIFICATION OF APOLIPOPROTEIN A-I IN BALF AS A BIOMARKER OF
SARCOIDOSIS
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ABSTRACT. Background: Sarcoidosis goes into remission in two-thirds of patients with sarcoidosis, but about 20
% of patients develop pulmonary fibrosis. The mechanisms of pulmonary fibrosis in sarcoidosis and differences
in pathogenesis between clinical stages are still unclear. Objectives: The aim of this study was investigating pro-
teins associated with clinical stages by comparing bronchoalveolar lavage fluid (BALF) protein between stage I
and stage IV using proteome analysis. Mezhods: Proteomic differences in BALF were compared between stage
I and stage IV by examining BALF from 8 stage I patients and 5 stage IV patients by two-dimensional gel
electrophoresis and mass spectrometry. Resu/ts: In individual comparisons of BALF samples, the levels of apoli-
poprotein (Apo) A-I fragment, fibrinogen y chain, calcyphosine, complement C3, and surfactant protein A were
significantly higher in stage I than in stage IV. In contrast, none of the proteins examined significantly higher in
stage IV than in stage I. To confirm the results of Apo A-Iin the BALF proteome, we performed enzyme-linked
immunosorbent assay (ELISA) in a larger group. The concentration of BALF Apo A-I was significantly higher
in stage I patients than in stage IV patients (0.70 [0.13-0.89] vs. 0.15 [0.08-0.21] ng/pg protein, p=0.003). Con-
clusion: The involvement of BALF Apo A-I in sarcoidosis may differ between stage I and stage IV. (Sarcoidosis
Vasc Diffuse Lung Dis 2018; 35: 5-15)
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INTRODUCTION

Sarcoidosis is a systemic granulomatous disease
of unknown etiology characterized by non caseating
epithelioid granulomas. The disease primarily affects
the lungs, lymph nodes and eyes but any organ can
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be affected (1). The lungs are affected in more than
90 percent of patients with sarcoidosis. Two-thirds of
sarcoidosis patients can expect remission, but about
20 % of those with pulmonary sarcoidosis develop
pulmonary fibrosis (1). Four stages of intrathoracic
findings have been identified on chest X-ray : stage
I with bilateral hilar adenopathy, stage II with bi-
lateral hilar adenopathy and diffuse reticulonodular
opacities, stage III with reticulonodular pattern, and
stage IV with pulmonary fibrosis. Though sarcoidosis
with pulmonary fibrosis has a worse prognosis, the
mechanisms of pulmonary fibrosis in sarcoidosis and
the differences in pathogenesis between the chest X-
ray stages remain unclear.

Apolipoprotein (Apo) A-Iis a major component
of high-density lipoprotein. Apo A-I plays an im-
portant role in reverse cholesterol transport (RCT)
and possesses both anti-inflammatory and anti-oxi-
dative properties. Apo A-I mimetics have also been
shown to effectively attenuate atherosclerosis and
several forms of inflammation in animal models (2,
3). Recent reports on Apo A-I in bronchoalveolar
lavage fluid (BALF) from patients with idiopathic
pulmonary fibrosis (IPF) and asthma have suggested
that Apo A-I might confer an anti-inflammatory
property in the lungs (4, 5).

Proteomic analysis of human body fluids has
emerged as a very important tool for investigating
biomarkers. The analysis of BALF proteome can con-
tribute to the identification of protein profiles among
various lung diseases. Previous studies in different
lung diseases have shown alterations in the protein
profiles of BALF (4, 6-12). Bronchoalveolar lavage
(BAL) has been widely used to collect cells and other
soluble components from epithelial lining fluids that
cover the airway and the alveoli (13). BALF contains
proteins secreted from various cell types such as epi-
thelial and inflammatory cells, as well as a wide vari-
ety of proteins from the bloodstream. The analysis of
BALF can therefore reveal important biological ac-
tivities related to inflammation, oxidation-reduction,
tissue matrix turnover, and immunity.

The aim of this study was investigating the pro-
teins associated with the pathogenesis of the clini-
cal stage by comparing differences of BALF protein
expression between stage I and stage IV by the prot-
eomic approach. We also focused on Apo A-I, which
was observed at higher levels in stage I, and studied
the relationship between Apo A-I and sarcoidosis.

METHODS
Patients

The study conformed to the Declaration of Hel-
sinki and was approved by the internal review boards of
our institution (No. 1850). With an adherence to the
Ethical Guidelines for Medical and Health Research
Involving Human Subjects, we made public informa-
tion concerning the implementation of this study to
ensure the opportunities to withdraw such consent.

Patients with sarcoidosis diagnosed in our hos-
pital between 2007 and 2014 were recruited for this
retrospective study. The diagnosis of sarcoidosis was
established on the basis of a combination of histologi-
cal and clinical findings according to the ATS/ERS/
WASOG statement on sarcoidosis (1). The patients
were divided into two groups, stage I (with bilateral
hilar adenopathy) and stage IV (with pulmonary fi-
brosis), based on chest X-ray findings. Fifty eight
patients were diagnosed with stage I and stage IV.
Patients who had medical histories such as bronchial
asthma, connective tissue disease, and malignant neo-
plasm and received insufficient BAL (recovery rate of
less than 35 %) were excluded. Patients whose sam-
ples had not been stored were also excluded. The re-
maining 31 patients (19 patients with stage I and 12
with stage IV) could be evaluated by enzyme-linked
immunosorbent assay (ELISA) to confirm the result
of two-dimensional gel electrophoresis (2-DE). Not
all patients enrolled to this analysis were treated with
systemic corticosteroids or immunosuppressive thera-
pies because not all patients had any organ impair-
ment of sarcoidosis at the time of diagnosis. Then, we
excluded the patients who had not suflicient examina-
tion such as Krebs von den Lungen 6 (KL-6), and sur-
factant protein D (SP-D) and the remaining patients
were matched age and gender. Finally, 13 patients (8
patients with stage I and 5 with stage IV) were as-
signed to screening group for investigation of the pro-
tein associated with the pathogenesis by 2-DE.

Pulmonary function data on the percentage pre-
dicted vital capacity percentage (%VC) and percent-
age predicted forced expiratory volume in one sec-
ond (WFEV,,) and laboratory data on serum levels
of C-reactive protein (CRP), lactate dehydrogenase
(LDH), Krebs von den Lungen 6 (KL-6), surfactant
protein D (SP-D), angiotensin converting enzyme

(ACE), and lysozyme were collected.
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Bronchoalveolar lavage (BAL)

BAL was performed using three 50-ml aliquots
of sterile 0.9% saline at the time of initial sarcoido-
sis diagnosis, as previously described (14). The cel-
lular profile of BALF was determined by counting
200 cells in a cytospin smear with Wright’s stain. The
lymphocyte phenotypes were analyzed by flow cy-
tometry using monoclonal antibodies for CD4 and
CDS8. BALF were stored at -80°C until use.

Two-dimensional gel electrophoresis

2-DE was performed as previously described
(10). Supernatant of BALF was concentrated by
acetone precipitation and diluted in lysis buffer (8
M urea, 4% CHAPS, 65 mM dithioerythritol, 0.1
M acetic acid, ampholytes pH 3-10, and a trace of
bromophenol blue). Samples containing 108 pg of
proteins were loaded on immobilized pH gradient
(IPG) strips (pH 4 to 7, 18 cm; GE Healthcare,
Uppsala, Sweden) in each analytical experiment. The
samples were rehydrated in the strip holder of an
IPG-IEF Cool-PhoreStar system (Anatech, Tokyo,
Japan) at 20°C and isoelectrofocusing was termi-
nated at 47 kV. The IPG strips were equilibrated in
the urea/SDS/Tris buffer for 40 minutes. The second
dimensional run was performed on 10% polyacryla-
mide linear gradient gels at a constant current of 20
to 30 mA/gel at 20°C until the dye front reached
the bottom of the gels. The gels were stained with
SYPRO Ruby Protein Gel Stain (Molecular Probes,
Carlsbad, CA, USA).

Evaluation and identification of proteins

The gels were scanned using a FluoroPhoreStar
3000 image analysis system (Anatech, Tokyo, Ja-
pan) and analyzed with Progenesis PG220 Software
(Nonlinear Dynamics Ltd, Newcastle upon Tyne,
UK). The proteins were analyzed automatically us-
ing the spot detection feature of the software, with
automatic warping and matching. Spot volumes
were corrected for background and then normal-
ized. The normalized spot volume was calculated as
a percentage of volumes of each spot to the volumes
of all spots in a gel and compared between the two
clinical groups. Differences between the two groups
were confirmed by analyzing the spot quantities of

pooled samples from stage I and stage IV patients.
Non-matching spots or spots more than 2-fold
higher or lower in quantity were regarded as differ-
entially expressed in stage I compared with stage IV.
Next, BALF samples of individuals were compared
between the two groups to verify the results. Proteins
were identified by comparing BALF maps such as
the SWISS-2D PAGE human plasma map or pub-
lished BALF maps (15, 16), or by liquid chromatog-
raphy nano electron spray ionization tandem mass
spectrometry (LC-nESI-MS/MS) performed in the
Laboratory of Cytometry and Proteome Research at
Tokyo Medical and Dental University. LC separation
was performed by the nano-UHPLC system (Bruk-
erDaltonics, Bremen, Germany). Mass analysis was
performed on a maXis-4G-CPR (BrukerDaltonics)

mass spectrometer equipped with a nano-ESI source.
Enzyme-linked immunosorbent assay (ELISA)

BALF and serum Apo A-I by ELISA were
measured in a larger group to confirm the results
on Apo A-I in the BALF proteome. An ELISA kit
(ALerCHEK, Inc., Portland, ME, USA) was used
to measure the Apo A-I concentration in undiluted
BALF in 31 patients (19 in stage I and 12 in stage
IV) and in serum at a 1:10000 dilution in 22 patients
(12 in stage I and 10 in stage IV). BALF Apo A-I was
also measured in 13 patients with rheumatoid arthri-
tis-associated interstitial lung disease (RA-ILD) (8
with organizing pneumonia [OP] pattern and 5 with
usual interstitial pneumonia [UIP] pattern based on
the findings of high-resolution computed tomogra-
phy), 8 patients with IPF, and 5 healthy volunteers
(HV). The levels of Apo A-I detected by this assay
ranged from 52 to 3330 pg/ml.

BALF Apo A-1 in disease activity

We collected information on the contents of
treatment from the time of diagnosis until Octo-
ber 2015 and divided each stage I and IV patients
into two groups to investigate the disease activ-
ity markers. One group was composed of patients
treated with systemic corticosteroid for any organ
impairment of sarcoidosis and the other received no
medication during the following periods. Pulmonary
function data, BALF profiles, and five markers of
disease activity at the time of diagnosis were com-
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pared between the two groups: normalized BALF
Apo A-I, serum ACE, lysozome, CRP, and soluble
interleukin-2 receptor (sIL-2R).

Statistical analysis

All statistical analyses were performed with
GraphPad Prism version 5.2 (GraphPad Software
Inc., US.A.). Data were presented as medians with
25" and 75" percentiles. The two groups were com-
pared using the Mann-Whitney U test. The two gen-
der groups were compared using Fisher’s test. Cor-
relation coefficients were obtained using Spearman’s
correlation coeflicient test. All statistical compari-
sons were two-sided and p values of less than 0.05
were considered statistically significant.

REesuLTs
Patient characteristics

The patient characteristics and BALF findings
analysed by 2-DE are shown in Table 1. The serum

Table 1. Characteristics of patients performed 2-DE

SP-D level was significantly higher in stage IV than
in stage I. The stage IV patients tended to have a
higher serum KL-6 concentration and a lower %VC.
No difference in BALF profiles was observed be-
tween the two groups. No microbiological or clinical
evidence of bacterial or fungal infection was found in
any patient. Clinical characteristics of patients with
sarcoidosis analysed by ELISA are provided in the
online supplement (Supplement Table 1).

Two-dimensional gel electrophoresis

The BALF proteome in stage I and stage IV pa-
tients was analyzed by the 2-DE technique to evalu-
ate the differences in protein expression between
the two groups. The 2-DE patterns of BALF are
shown in Fig. 1A. There was no significant differ-
ence in the total number of spots between stage I
and stage IV (312 [300 - 390] vs. 281 [256 - 305]
spots, p=0.143; Fig.1B, C). Differentially expressed
protein spots were identified using LC-nESI-MS/
MS and/or gel matching with the 2-DE database
from Swiss-PROT. The levels of fibrinogen v chain,
complement C3, surfactant protein A, Apo A-I frag-

Stage I Stage IV p Value
(n=8) (n=5)

Gender

Male 2 4

Female 6 1 0.053
Age (yr) 49 (34-65) 40 (32-52) 0.354
Pack-year 1 (0-6) 15 (4-24) 0.083
Extrathoracic lesion eye 7, skin 1, kidney 1 eye 2, skin 1
Serum CRP (mg/dl) 0.1 (0.1-0.2) 0.1 (0.1-1.8) 0.883
Serum LDH (1U/]) 203 (153-226) 193 (180-220) 0.943
Serum KL-6 (U/ml) 341 (290-610) 707 (305-1232) 0.171
Serum SP-D (ng/ml) 25 (18-41) 106 (80-122) 0.004
Serum ACE (U/1) 16 (13-21) 20 (17-44) 0.187
Serum Lysozyme (pg/ml) 10 (7-16) 12 (7-25) 0.524
%VC (%) 109.1 (101.1-124.0) 91.9 (82.6-111.0) 0.065
%FEV,, (%) 101.3 (94.7-119.1) 87.2 (75.9-101.3) 0.107
BALF profiles

Recovery rate (%) 60.7 (57.4-71.0) 56.0 (51.5-64.2) 0.435

Cell density (x10%/ml) 2.6 (1.7-2.9) 2.1 (1.6-4.0) 0.833

Macrophages (%) 72.4 (39.9-85.3) 73.0 (35.5-87.7) 0.943

Lymphocytes (%) 26.1 (14.7-60.1) 24.8 (11.7-63.9) 1.000

Neutrophils (%) 0.0 (0.0-1.2) 0.7 (0.0-0.8) 0.559

Eosinophils (%) 0.0 (0.0-0.6) 0.6 (0.0-0.7) 0.575

CD4/CD8 3.8 (3.2-5.6) 2.2 (1.1-8.3) 0.523
* p<0.05

Values are given as the numbers or medians (25 and 75" percentiles).

2-DE, two-dimensional gel electrophoresis; KL-6, Krebs von den Lungen 6; SP-D, surfactant protein D; ACE, angiotensin converting

enzyme; %VC, percentage of predicted vital capacity; %FEV1.0, percentage of forced expiratory volume in one second
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Fig. 1. Two-Dimensional Electrophoresis (2-DE) of BALF from sarcoidosis patient with stage I (A) stained by SYPRO-Ruby. Numbers
indicate proteins, as listed in Table 2. Representative 2-DE patterns of BALF from stage I (B) and stage IV (C). The square area is magnified
in Fig. 1D. Apo A-I fragments (spot“a” - “ ¢ ”) and Apo A-I (spot“d” - “e”) were shown as five spots

ment, and calcyphosin were significantly higher in
stage I than in stage IV. In contrast, no protein was
significantly higher in stage IV than in stage I (Table
2). Apo A-I fragment (spots “a” - “c”) and Apo A-I
(spots “d” - “¢”) are shown collectively as five spots
(Fig. 1D). The quantity of spot “a” was significantly
higher in stage I than in stage IV. The quantities of
spots “b”, “c”, “d” and “e” tended to be higher in stage
I than in stage IV, but not significantly (normali-
zation volumes [x10?] of spots “b”, “c”, “d”, and “¢”
stage I vs. stage IV ; spot “b” 104.0 [0.0-156.5] vs.
0.0 [0.0-32.5] p=0.166, spot “c” 63 [0.0-116.8] vs.
0.0 [0.0-11.5] p=0.095, spot “d” 30.5 [0.0-97.8] vs.
0.0 [0.0-86.0] p=0.609, spot “c” 135.0 [35.0-337.8]

vs. 79.0 [37.5-285.0] p=1.000).

Measurement of Apo A-I in BALF and serum

The concentrations of BALF Apo A-I in sar-
coidosis (stages I and IV), RA-ILD (OP and UIP
patterns), IPF, and HV were determined by ELISA
(Fig. 2). The normalized concentration of Apo A-I
with total protein was significantly higher in stage I
than in stage IV (0.70 [0.13-0.89] vs. 0.15 [0.08-0.21]
ng/ug protein, p=0.003). The concentration of BALF
Apo A-T was significantly higher in stage I sarcoidosis
than in RA-ILD OP (0.07 [0.07-0.19] ng/pg protein,
#=0.001) and UIP pattern (0.06 [0.06-0.10] ng/pg
protein, p=0.001), IPF (0.08 [0.05-0.12] ng/ug pro-
tein, p<0.001), and HV (0.20 [0.05-0.29] ng/pg pro-
tein, p=0.033). No significant difference in serum Apo
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Table 2. Proteins with higher normalization volumes in stage I than in stage IV

Protein Protein Theoretical Normalization volume Normalization volume  p Value
No. MW (kDa)/pI of stage I (x10?) of stage IV (x107?)

1 Fibrinogen y chain 51.5/5.37 35.0 (17.5-93.0) 10.0 (0.0-20.5) 0.047

2 Complement C3 41/4.8 224.5 (150.5-569.5) 127.0 (99.5-138.0) 0.030

3 Surfactant protein A (isoform number 1) 26.2/5.1 85.0 (41.5-112.8) 0.0 (0.0-50.5) 0.038

4 Apolipoprotein A-I fragment (spot “a”) 30.7/5.56 64.0 (16.3-118.0) 0.0 (0.0-25.5) 0.011

5 Calcyphosine 19.3/4.69 62.5 (15.3-129.5) 0.0 (0.0-29.5) 0.038

Protein No.: refer to the annotations in Fig. 1A.

Values are given as the numbers or medians (25" and 75" percentiles).
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Fig. 2. The normalized BALF Apo A-I concentration with total
protein in sarcoidosis with stage I (Sar. I), sarcoidosis with stage IV
(Sar. IV), rheumatoid arthritis-associated interstitial lung disease
with organizing pneumonia pattern (RA-ILD OP), rheumatoid
arthritis-associated interstitial lung disease with usual interstitial
pneumonia pattern (RA-ILD UIP), idiopathic pulmonary fibrosis
(IPF), and healthy volunteers (HV). * p<0.05

A-I was found between the stage I and stage IV sar-
coidosis patients (1456 [1220-1722] vs. 2248 [1361-
6701] pg/ml, p=0.052).

We analysed correlation between normalized
concentration of BALF Apo A-I in sarcoidosis and
clinical parameters (Table 3). We were interested to
find a significant positive correlation between the
concentration of BALF Apo A-I and the percent-
age of lymphocytes in BALF, especially in the stage
I sarcoidosis (p=0.005, =0.620; Fig. 3). In contrast,
there was a significant negative correlation between

the concentration of BALF Apo A-I in stage I and

Table 3. Correlation between normalized BALF Apo A-I and the
clinical parameters

Stage I Stage IV

r 2 Value r 2 Value
Age -0.149 0.542 0.270 0.396
Pack-year -0.416 0.076 -0.099 0.760
Serum Apo A-I -0.011 0.974 -0.453 0.189
Serum CRP 0.143 0.559 -0.032 0.922
Serum KIL-6 -0.134 0.609 0.271 0.394
Serum SP-D -0.480 0.070 0.401 0.196
Serum ACE 0.334 0.162 0.602 0.038"
Serum Lysozyme 0.178 0.465 0.296 0.351
%VC -0.219 0.369 0.088 0.786
%FEV,, -0.037 0.881 0.320 0.311

BALF
Macrophages (%) -0.603 0.006 -0.366 0.242
Lymphocytes (%)  0.620 0.005° 0.338 0.283
Neutrophils (%)  -0.172 0.481 0.012 0.969
Eosinophils (%) 0.172 0.481 -0.072 0.824
CD4/CD8 0.022 0.929 0.194 0.546

*p<0.05

Apo A-1, apolipoprotein A-I; KL-6, Krebs von den Lungen 6;
SP-D, surfactant protein D; ACE, angiotensin converting enzyme;
%VC, percentage of predicted vital capacity; WFEV1.0, percentage
of forced expiratory volume in one second
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Fig. 3. Correlation between normalized concentration of BALF
Apo A-I and the percentage of lymphocytes in BALF in stage I

sarcoidosis
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the percentage of macrophages in BALF. The con-
centration of BALF Apo A-I in stage IV was sig-
nificantly correlated with serum ACE levels. No
correlation was found between the serum level and
normalized concentration of BALF Apo A-Iin stage
I and stage IV.

Apo A-1 in BALF in disease activity

Five patients with stage I were treated with sys-
temic corticosteroid during the following periods.
Four of five patients were treated with systemic cor-
ticosteroid for eye involvements of sarcoidosis and
the other patient was treated for eye and kidney in-
volvements of sarcoidosis. Among the patients with
stage I sarcoidosis, normalized BALF Apo A-I and
serum ACE were significantly higher in those treated
with systemic corticosteroid than in those receiving
no treatment (Table 4).

Six patients with stage IV were treated with
systemic corticosteroid during the following periods.
Five of six patients were treated with systemic cor-
ticosteroid for lung involvements of sarcoidosis and

the other patient was treated for eye involvements
of sarcoidosis. Among the patients with stage IV
sarcoidosis, serum ACE, serum SP-D, and the cell
density of BALF were significantly higher in those
treated with systemic corticosteroid than in those re-
ceiving no treatment. On the other hand, normalized
BALF Apo A-I was not significantly higher in those
treated with systemic corticosteroid than in those re-
ceiving no treatment (Table 5).

Discussion

In this study we identified different patterns
of protein expression in BALF between stage I and
stage IV sarcoidosis analyzed by the proteomic ap-
proach. The expression levels of five proteins signifi-
cantly differed between stage I and stage IV. We also
visualized Apo A-I and Apo A-I fragments as five
spots by 2-DE. One fragment (spot “a”) was found
to be significantly increased in the stage I. The quan-
tities of the other Apo A-I fragments tended to be
higher in stage I than in stage IV, but not significant-

Table 4. Comparison of BALF and serum markers between cases treated with systemic corticosteroid and not treated in sarcoidosis with

stage I
Cases treated with systemic Cases not treated with systemic 2 Value
corticosteroid during the following corticosteroid
periods (n=5) (n=14)

Gender

Male 1 3

Female 4 11 0.946
Age (y1) 63 (45-69) 57 (44-68) 0.817
Pack-year 0 (0-163) 0 (0-0) 0.261

Extrathoracic lesion
Target organs

eyes 5, kidney 1
eyes 5, kidney 1

eyes 13, skin 1

109.2 (102.7-123.4)

%VC (%) 105.5 (93.2-114.3) 0.431
%FEV,, (%) 93.0 (83.5-103.7) 100.0 (94.8-116.9) 0.058
Serum CRP (mg/dl) 0.1 (0.1-0.2) 0.1 (0.0-0.4) 1.000
Serum ACE (U/) 22 (20-31) 14 (11-18) <0.001°
Serum Lysozyme (pg/ml) 11 (7-22) 8(6-11) 0.266
Serum sIL-2R (U/ml) 869 (572-3900) 851 (516-1235) 0.825
Normalized BALF Apo A-I (ng/pg/ of protein ) 1.13 (0.70-2.34) 0.47 (0.12-0.73) 0.023
BALF profiles
Cell density (x107/ml) 2.8 (2.1-5.8) 2.1(1.2-3.1) 0.247
Macrophages (%) 54.2 (34.4-81.3) 64.8 (49.1-75.4) 0.746
Lymphocytes (%) 39.6 (17.4-65.4) 31.4 (23.9-46.0) 0.677
Neutrophils (%) 0.0 (0.0-1.6) 0.0 (0.0-1.5) 0.959
Eosinophils (%) 0.0 (0.0-3.2) 0.0 (0.0-0.9) 0.630
CD4/CD8 5.3 (4.3-10.5) 46 (3.0-9.5) 0.431
* p<0.05

Values are given as the numbers or medians (25 and 75" percentiles).

Apo A-1, apolipoprotein A-I; ACE, angiotensin converting enzyme; sIL-2R, soluble interleukin-2 receptor; %VC, percentage of predicted
vital capacity; %FEV1.0, percentage of forced expiratory volume in one second.
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Table 5. Comparison of BALF and serum markers between cases treated with systemic corticosteroid and not treated in sarcoidosis with

stage IV
Cases treated with systemic Cases not treated with systemic 2 Value
corticosteroid during the following corticosteroid
periods (n=6) (n=6)

Gender

Male 4 6

Female 2 0 0.121
Age (y7) 60 (37-65) 38 (34-49) 0.240
Pack-year 225 (130-515) 400 (75-600) 0.873
Extrathoracic lesion eyes 4, skin 2 eyes 1
Target organs eyes 1,lung 5 -
%VC (%) 85.0 (69.7-110.7) 94.8 (86.5-102.6) 0.589
%FEV,, (%) 87.2 (69.2-99.0) 88.5 (80.0-97.1) 0.937
Serum CRP (mg/dl) 0.1 (0.1-1.0) 0.1 (0.1-0.2) 0.296
Serum KI-6 (U/ml) 628 (286-960) 1396 (679-1692) 0.065
Serum SP-D (ng/ml) 122 (103-393) 80 (47-107) 0.026"
Serum ACE (U/1) 34 (19-46) 17 (15-20) 0.041°
Serum Lysozyme (pg/ml) 12 (6-19) 16 (14-27) 0.310
Serum sIL-2R (U/ml) 720 (532-1430) 1180 (1043-2125) 0.250
Normalized BALF Apo A-I (ng/pg/ of protein ) 0.16 (0.09-0.27) 0.12 (0.07-0.22) 0.295
BALF profiles

Cell density (x10%/ml) 4.0 (3.3-4.7) 1.4 (1.1-1.9) 0.002"

Macrophages (%) 54.1(29.6-80.4) 74.9 (71.9-87.1) 0.180

Lymphocytes (%) 44.7 (16.2-69.9) 21.9 (11.8-25.2) 0.180

Neutrophils (%) 0.7 (0.0-1.8) 0.8 (0.5-1.9) 0.573

Eosinophils (%) 0.6 (0.0-0.9) 0.7 (0.0-2.0) 0.466

CD4/CD8 6.9 (3.1-11.2) 4.7 (1.8-8.3) 0.485
* p<0.05

Values are given as the numbers or medians (25 and 75" percentiles).

Apo A-I, apolipoprotein A-I; ACE, angiotensin converting enzyme; sIL-2R, soluble interleukin-2 receptor; KL-6, Krebs von den Lungen 6;
SP-D, surfactant protein D; %VC, percentage of predicted vital capacity; %FEV1.0, percentage of forced expiratory volume in one second.

ly. In our next experiment we tried to find any asso-
ciation between Apo A-I and pulmonary sarcoidosis.
To confirm the results of Apo A-I in BALF pro-
teome, we performed ELISA in a larger group. The
concentration of BALF Apo A-I was significantly
higher in stage I than in stage IV. Apo A-I may be
associated with the pathogenesis of the clinical stage.

Apo A-I, the major component of high-density
lipoprotein, originates from the liver and small intes-
tine (17). It is secreted as a 249 amino acid proprotein
containing a prosegment linked to the N-terminal of
the mature 243-amino-acid Apo A-I. Proapoprotein
A-T is converted to Apo A-I after its secretion (18,
19). Apo A-I plays an important role in RCT, one
of the major anti-atherosclerotic mechanisms, by
extracting cholesterol and phospholipids from mac-
rophages via the ATP-binding cassette transporter
A-I (ABCA-I) and transferring them to the liver
(20). ABCA-I is located in the cell of the liver, small
intestine, brain, kidney, and lung, including alveolar

type II cells and pulmonary macrophages (21-23).

The concentration of BALF Apo A-Iwas signif-
icantly higher in stage I sarcoidosis than in stage IV
sarcoidosis, RA-ILD, IPF, and HV. We also found
a significant positive correlation between the con-
centration of BALF Apo A-I and the percentage of
lymphocytes in BALF in stage I sarcoidosis patients.
The significant negative correlation between the con-
centration of BALF Apo A-I and the percentage of
macrophages in BALF in stage I sarcoidosis patients
was seen as the result of increasing the percentages of
lymphocytes in BALF in stage I. These results sug-
gest that an increase of BALF Apo A-I may serve as
a relatively supportive marker of disease activity. Pre-
vious reports have shown variation in BALF protein
profiles between sarcoidosis and other interstitial
lung diseases. Wattiez et al. found that BALF Apo
A-I tended to have a higher relative intensity in stage
I sarcoidosis than in IPF, hypersensitivity pneumoni-
tis, and healthy adults (6). Magi et al. reported that
the relative volume of BALF Apo A-I fragment was
significantly higher in active sarcoidosis (chest X-ray
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stage unknown) than in IPF (7). Landi et al. proved
that Apo A-I might play a key role in the pathogen-
esis of sarcoidosis in a proteomic analysis of BALF
in patients with chronic active sarcoidosis (stage II
and III), smokers, and no-smoker controls (9). All
of these results are very similar to our own. The high
levels of BALF Apo A-I might be a consequence of
the defensive response against lung inflammation.

In sarcoidosis, stimulated and proliferated CD4
T cells and macrophages produce inflammatory me-
diators considered pivotal for granuloma formation,
such as IL-2, interferon gamma (IFN-y), and tumor
necrosis factor-o (TNF-a) (24). Apo A-I has known
anti-inflammatory action, including removal of reac-
tive oxygen species and an inhibition of secretions of
TNF-q, IL-1B, IL-6, and IL-8 (25, 26). Kim et al.
also reported that Apo A-I inhibited IL-12p70 and
IFN-y production by blocking the T-cell and natu-
ral killer cell stimulation of dendritic cells (27). Apo
A-I in BALF might play an anti-inflammatory role
in stage I of pulmonary sarcoidosis. Another possible
explanation for the high levels of BALF Apo A-I
in stage I might be inflammatory damage to the al-
veolar-capillary barrier permitting leakage of plasma
proteins. Sarcoidosis is characterized by inflamma-
tory damage to the pulmonary tissues and compro-
mised function of the alveolar-capillary barrier (6).
Higher concentrations of plasma proteins observed
in previous BALF proteomic studies of sarcoidosis
were similarly attributed to the leakage of plasma
proteins through the damaged alveolar-capillary bar-
rier (6, 7). Since Apo A-I is a plasma protein, the
concentration of BALF Apo A-I might reflect the
damaged alveolar-capillary barrier.

The concentration of BALF Apo A-I was lower
in stage IV sarcoidosis than in stage I sarcoidosis.
Pulmonary fibrosis in sarcoidosis is often described
as a “burnt-out” disease reflecting a lack of granu-
lomatous inflammation on histopathology (28). The
lower concentration of Apo A-I in stage IV might
reflect decreased granulomatous inflammation.
While the exact causes of pulmonary fibrosis in sar-
coidosis have yet to be demonstrated, the augmented
activity of transforming growth factor (TGF)-B, the
Th1 to Th2 transition, and macrophage phenotype
switching have all been proposed as explanations (28,
29). In the study by Kim et al., BALF Apo A-I con-
centration was lower in IPF than in normal controls.

Low levels of BALF Apo A-I might be associated

with mechanisms of fibrosis. Further studies will be
needed to clarify the role of Apo A-I in the develop-
ment of pulmonary fibrosis in sarcoidosis.

Serum ACE levels had been reported reflecting
the granulomatous lesion of the whole body and pro-
posed as a marker for the activity of sarcoidosis (30).
We also found significant positive correlation be-
tween the concentration of BALF Apo A-I in stage
IV and serum ACE levels. This result might support
BALF Apo A-I concentration reflect disease activ-
ity of sarcoidosis. However, there was no significant
correlation serum ACE levels and BALF Apo A-I
concentration in stage I. Westall et al. reported that
serum ACE levels might reflect the granulomatous
lesion of the whole body rather than the lung in-
volvement (31). There was difference of distribution
of extrathoracic lesion between stage I and stage IV
in this study. The distribution of extrathoracic lesion
might be contribute to the difference of correlation
of ACE between stage I and stage IV.

We divided the stage I and IV patients into two
groups to investigate disease activity markers in sar-
coidosis. Among the patients with stage I sarcoidosis,
the BALF Apo A-I concentration was significantly
higher in patients treated with systemic corticoster-
oid than in non-treated patients. This result suggests
that the BALF Apo A-I concentration may reflect
systemic granulomatous inflammation as a marker of
disease activity in stage I. Among the patients with
stage IV sarcoidosis, the BALF Apo A-I concentra-
tion was not significantly higher in patients treated
with systemic corticosteroid than in non-treated pa-
tients. Fibrosis in sarcoidosis extends from granuloma
and therefore generally occurs in the same lymphatic
distribution as active inflammation. Some sarcoido-
sis patients with pulmonary fibrosis coexisted with
active inflammation (32). The patients treated with
systemic corticosteroid in stage IV might be more
heterogeneous than that in stage I. The heterogeneity
of inflammation in stage IV might be contribute to
the no difference of BALF Apo A-I concentration
between patients treated with systemic corticosteroid
and non-treated patients in stage IV. On the other
hand, serum SP-D and ACE levels were significantly
higher in patients treated with systemic corticoster-
oid than in non-treated patients. This result suggests
that the serum SP-D and ACE levels might become
disease activity markers in stage IV. As the number
of patients with stage IV was small, we will need to
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further study to clarify the disease activity markers
among the patients with stage IV.

There were several limitations in this study. First,

we were unable to investigate hydrophobic proteins
by the 2-DE technique. Second, the relatively small
number of patients in this study limited our power
to detect statistical differences between stage I and

stage IV.

In conclusion, we identified several proteins

that may be involved in the clinical differences be-
tween stage I and stage IV in sarcoidosis. Apo A-I
in BALF may be associated with the pathogenesis
of the clinical stage and serve as a marker of disease
activity in stage I.
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