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ABSTRACT: It has previously been reported that the expression of monocyte chemo-
attractant protein-1 (MCP-1) in the lung tissues of patients with idiopathic pulmonary
fibrosis (IPF) was different from that in the tissues of patients with other interstitial
lung diseases (ILDs). The aim of this study was to determine whether this difference
reflects the amount of MCP-1 in the bronchoalveolar lavage fluid (BALF) or serum of
patients with ILD, and whether such a correlation, if it exists, is clinically useful.

MCP-1 concentrations in the BALF and sera were evaluated in 86 patients with
ILDs including IPF, acute interstitial pneumonia, interstitial pneumonia with collagen
vascular disease (IP-CVD), chronic interstitial pneumonia (CIP), bronchiolitis oblit-
erans-organizing pneumonia, sarcoidosis, hypersensitivity pneumonitis, and in 10
normal healthy volunteers who were controls (NC).

BALF MCP-1 levels were significantly elevated in the IPF, IP-CVD, CIP and sar-
coidosis groups compared with the NC group. The level in the IPF group was sig-
nificantly higher than that in any other patient group. Serum MCP-1 levels in the IPF,
IP-CVD, CIP and sarcoidosis groups were significantly higher than the NC group. No
statistical difference was found in serum MCP-1 levels between the IPF, IP-CVD and
CIP groups. BALF MCP-1 levels were significantly higher than serum MCP-1 levels
in the IPF group and lower than in the IP-CVD and CIP groups. Serum MCP-1 levels
correlated with the clinical course of ILD treated with corticosteroid therapy.

These results show that measurement of monocyte chemoattractant protein-1 levels
in both bronchoalveolar lavage fluid and serum may be helpful in discriminating
idiopathic pulmonary fibrosis from other types of interstitial lung disease and that
monitoring of serum monocyte chemoattractant protein-1 may be useful for predict-
ing the clinical course of interstitial lung diseases.
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Monocyte chemoattractant protein-1 (MCP-1) belongs to
the C-C subfamily of the chemokine family, and has been
shown to have monocyte chemotactic activity both in vitro
and in vivo [1±3]. In pulmonary inflammation models [4, 5]
and human interstitial lung diseases (ILDs) [6, 7], MCP-1
appears to be an important factor in the monocyte/mac-
rophage-mediated inflammatory process. ANTONIADES et
al. [7] reported that epithelial cells, macrophages and vas-
cular endothelial cells are the major MCP-1-producing
cells in idiopathic pulmonary fibrosis (IPF) lung tissue.
MCP-1 has previously been detected immunohistoche-
mically in metaplastic epithelial cells, alveolar and inter-
stitial macrophages and vascular endothelial cells in IPF
lung tissues [8]. In other kinds of ILD, MCP-1 was not
detected in epithelial cells, although macrophages and
vascular endothelial cells were similarly labelled with anti-
MCP-1 [8]. Given previous findings, differences in the
amount of MCP-1 in bronchoalveolar lavage (BAL) fluid
(BALF) or serum between IPF and other ILDs were ex-
pected. Recently, elevation of MCP-1 concentration and
monocyte chemotactic activity in BALF from patients
with IPF and sarcoidosis was reported [6]. However, the
MCP-1 concentration in BALF from other ILDs, the rela-
tion between MCP-1 in BALF and sera, and how changes
in serum MCP-1 levels reflect the clinical course of ILD
are still unclear.

In the present study, with the aim of determining the
clinical significance of MCP-1 levels for discriminating
IPF from other ILD and of considering whether MCP-1 is a
valuable serum marker in ILD, MCP-1 concentrations in
both BALF and sera from patients with several kinds of
ILD, including IPF, were measured using an MCP-1-
specific enzyme-linked immunosorbent assay (ELISA).

Materials and methods

Study population

The study population consisted of 86 patients with ILD
(27 smokers, 60 nonsmokers) and 10 normal healthy vol-
unteer controls (NC, five smokers, five nonsmokers) for
comparison. BAL was not performed in five patients with
acute interstitial pneumonia (AIP) due to severe respiratory
failure. None of the patients had received corticosteroids or
other immunosuppressive therapies until the beginning of
this study. Since no difference in the BALF or serum MCP-
1 levels was observed between smokers and nonsmokers
in all groups including normal volunteers, no distinction
was made and all subjects were analysed together. All of
the subjects gave appropriate informed consent to this
study. The study design was approved by the institutional
ethical committee.
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The IPF group (15 males, six females; 10 smokers, 11
nonsmokers; mean age 63.8 yrs, range 37±74 yrs) was
diagnosed by means of established criteria, including open
lung biopsy [9, 10]. All were pathologically proven to
have usual interstitial pneumonia. The AIP group (two
males, three females; two smokers, three nonsmokers;
mean age 54.8 yrs, range 42±69 yrs) was clinically diag-
nosed by excluding other diseases. It was not possible to
measure MCP-1 concentrations in BALF in this group.
The group with interstitial pneumonia due to collagen
vascular disease (IP-CVD; four males, 15 females; five
smokers, 14 nonsmokers; mean age 52.7 yrs, range 22±74
yrs) consisted of four patients with rheumatoid arthritis,
five with progressive systemic sclerosis, two with poly-
arteritis nodosa, two with SjoÈgren's disease, five with
polymyositis and one with mixed connective tissue dis-
ease. Although the lung involvement of one patient with
rheumatoid arthritis and one with polyarteritis nodosa were
diagnosed by open lung biopsy, other IP-CVD patients
were diagnosed by transbronchial lung biopsy and radio-
logical features [10±14]. The chronic interstitial pneumo-
nia not otherwise specified (CIP) group (three males, 10
females; three smokers, 10 nonsmokers; mean age 62.5
yrs, range 45±70 yrs) was diagnosed via open lung biopsy
based on previously described criteria [10]. The bron-
chiolitis obliterans-organizing pneumonia (BOOP) group
(five males, two females; three smokers; four nonsmo-
kers; mean age 52.0 yrs, range 44±72 yrs) was also diag-
nosed by means of established criteria utilizing open lung
biopsy [10]. In the group of sarcoidosis (four males and
12 females; three smokers, 13 nonsmokers; mean age
41.0 yrs, range 28±70 yrs) diagnosis was made on the
basis of established criteria including transbronchial lung
biopsy [10, 15]. Radiologically, all cases showed lung
infiltration. The Japanese summer-type hypersensitivity
pneumonitis (HP) group (five females; five nonsmokers;
mean age 52.0 yrs, range 46±68 yrs) was diagnosed using
the criteria established in the author's laboratory [16].

Bronchoalveolar lavage

BAL was performed under local anaesthesia with 2%
lidocaine. A fibreoptic bronchoscope was gently wedged
into the segmental bronchus of the middle lobe of the right
lung. A total of 150 mL sterile 0.9% saline was instilled in
3 aliquots and recovered by gentle hand suction. Mucus
was removed from the fluid by filtration through two
sheets of gauze. Lavage fluid was centrifuged for 10 min at

4006g at 48C to separate cells and cell-free fluid. The cell-
free lavage fluid was stored at -808C until further analysis.
Subsequent measurements of MCP-1 levels demonstrated
no decrease in concentration. However, since repeated
freezing and thawing may lead to loss of MCP-1 biological
activity, these procedures were avoided. The number of
cells in the BALF was then determined using a haemo-
cytometer. Cell differentials were determined via Giemsa
staining of 200 cells prepared by cytocentrifugation (Cyto-
spin-2; Shandon Instruments, Sewickley, PA, USA). Cell
numbers and differentials were expressed as mean�SEM. A
serum sample was also collected from each subject and
stored at -808C on the same day.

Because repeated invasive procedures were deliberately
not included in this study, sequential BAL was not per-
formed.

Quantification of monocyte chemoattractant protein-1
levels in bronchoalveolar lavage fluid and serum

The MCP-1 level in BALF and serum was measured by
means of a sandwich ELISA, as previously described [17].
A well-characterized anti-human MCP-1 mouse mono-
clonal antibody (MAb) and an anti-human rabbit polyclon-
al antibody were employed [17]. Briefly, a microtitre plate
(Nunc, Roskilde, Denmark) was coated with anti-MCP-1
MAb (clone E11) in coating buffer (0.015 M Na2CO3,
0.035 M NaHCO3, 0.003 M NaN3, pH 9.6) overnight at
48C. After the well contents were removed, 300 mL 0.2%
bovine serum albumin (Sigma, St. Louis, MO, USA) in
coating buffer was added and the plate incubated for 30
min at 378C. Recombinant human MCP-1 (rhMCP-1, Pe-
protec, Rocky Hill, NJ, USA) at concentrations ranging
10±20,000 pg.mL-1 and serial dilutions of samples in a
final volume of 100 mL washing buffer (0.05 M tris
(hydroxymethyl) aminomethane (Tris) base, 0.15 M NaCl,
0.05% Tween 20, pH 7.5) were then applied. The plate
was incubated for 90 min at 378C. After washing the
wells three times with 200 mL washing buffer, 100 mL anti-
MCP-1 polyclonal immunoglobulin G diluted 1:1000 in
washing buffer was added, and the plate was incubated
for 90 min at 378C. After washing, 100 mL peroxidase-
conjugated donkey anti-rabbit immunoglobulins (F(ab')2)
(Amersham, Amersham, UK) diluted 1:1000 in the wash-
ing buffer were added and the plate was incubated for 60
min at room temperature. The wells were washed three
times with 0.05 M Tris-buffered saline, allowed to react
with 100 mL of 2,2'-azinobis (3'-ethylbenzthiazoline)

Table 1. ± General characteristics of BALF in patients with interstitial lung diseases*

Patients
n

Total cells
6104 cells.mL-1

Total AMs
6104 cells.mL-1

Cell differential %

AMs Lyms PMNs

IPF 21 20.5�2.1* 16.5�2.4* 81.8�3.5 8.9�2.6 7.3�2.2
IP-CVD 19 25.1�2.9* 17.8�3.4* 68.8�4.8 23.3�4.3 7.4�3.1
CIP 13 23.7�3.3* 18.5�5.1* 60.7�6.8 31.8�5.3* 6.9�2.1
BOOP 7 34.3�6.2* 14.5�2.7* 44.9�4.1* 43.5�2.0* 7.5�1.4
Sar 16 32.4�5.9* 15.0�1.6* 68.2�4.1* 30.1�3.9* 1.4�0.5*
HP 5 82.0�31.8* 16.9�4.3* 27.5�8.6* 71.5�9.8* 0.9�0.7
NC 10 9.9�0.6 8.9�0.5 90.4�1.8 8.1�1.5 1.4�0.7

Data are presented as mean�SEM. AMs: alveolar macrophages; Lyms: lymphocytes; PMNs: polymorphonuclear cells IPF: idiopathic
pulmonary fibrosis; IP-CVD: interstitial pneumonia due to collagen vascular disease; CIP: chronic interstitial pneumonia not otherwise
specified; BOOP; bronchiolitis obliterans-organizing pneumonia; Sar: sarcoidosis; HP: Japanese summer-type hypersensitivity
pneumonitis; NC: normal healthy volunteer control. *: p<0.05 versus NC.
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sulphonic acid (KPL Inc., Gaithersburg, MD, USA) and
then read spectrophotometrically at 405 nm. The sensi-
tivity limit of the assay was 78 pg.mL-1. Data for different
groups were presented as means�SEM.

Statistical analysis

BALF analysis data and MCP-1 levels are reported as
mean�SEM. Comparisons between patient groups were
made using the nonparametric Mann-Whitney U-test, since
the data do not approximate to a normal distribution. Pear-
son correlation coefficients and associated tests were also
performed for all groups. Differences were considered
statistically significant at a p-value <0.05.

Results

General characterization of BALF

The BALF components of all groups are shown in table
1. All patient groups showed a significantly higher total
cell count and alveolar macrophage count than did the NC
group (p<0.05). The mean percentage of lymphocytes
was significantly higher in IP-CVD, CIP, BOOP, sarcoid-
osis and HP than in NC, whereas the mean percentage of
alveolar macrophages was significantly lower in BOOP,
sarcoidosis, and HP than in NC (p<0.05).

Monocyte chemoattractant protein-1 levels in broncho-
alveolar lavage fluid

MCP-1 levels in BALF were measured by means of
ELISA in the 91 study subjects listed in table 1. These
levels were below the detection limit (<78 pg.mL-1), i.e.
not detectable in all NC subjects; however, in 65 patients,
a significant amount was detected. In all 21 IPF patients,
15 of 19 IP-CVD patients, nine of 13 CIP patients, five of
seven BOOP patients, 14 of 16 sarcoidosis patients, and
one of five HP patients, MCP-1 was detected in BALF.

Figure 1 is a scatter plot of the level in each sample. The
levels were significantly higher in IPF (p<0.0001), IP-
CVD (p<0.005), CIP (p<0.05) and sarcoidosis (p<0.01)
groups than in the NC group. Especially in the IPF group,
all samples showed very high concentrations. The IPF
group also showed significantly higher levels of BALF
MCP-1 than any other patient group, including IP-CVD
and sarcoidosis (p<0.0001).

Monocyte chemoattractant protein-1 levels in serum

A significant serum MCP-1 concentration was detected
in 60 of 91 study subjects. Figure 2 is a scatter plot of the
concentration in each sample. Levels were below the
detection limit (<78 pg.mL-1) in all members of the NC
group and all five HP patients. Levels were elevated in 17
of 21 IPF patients, 14 of 19 IP-CVD patients, 10 of 1312000
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Fig. 1. ± Bronchoalveolar lavage fluid (BALF) monocyte chemoat-
tractant protein-1 (MCP-1) concentrations measured by means of speci-
fic enzyme-linked immunosorbent assay. MCP-1 in BALF was detected
in 65 patients of 91 study subjects. ________ : detection limit (78 pg.mL
BALF-1). IPF: idiopathic pulmonary fibrosis; IP-CVD: interstitial pneu-
monia due to collagen vascular disease; CIP: chronic interstitial pneumo-
nia not otherwise specified; BOOP: bronchiolitis obliterans-organizing
pneumonia; Sar: sarcoidosis; HP: Japanese summer-type hypersensitivity
pneumonitis; NC: normal healthy control volunteer. *,**,+: p<0.05; p<
0.01, p<0.005, respectively versus NC ; #: p<0.0001 versus all other group.
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Fig. 2. ± Serum monocyte chemoattractant protein-1 (MCP-1) concen-
trations measured by means of specific enzyme-linked immunosorbent
assay. MCP-1 in serum was detected in 60 patients of 91 study subjects.

_________ : detection limit (78 pg.mL BALF-1). IPF: idiopathic pulmonary
fibrosis; IP-CVD: interstitial pneumonia due to collagen vascular disease;
CIP: chronic interstitial pneumonia not otherwise specified; BOOP: bron-
chiolitis obliterans-organizing pneumonia; Sar: sarcoidosis; HP: Japan-
ese summer-type hypersensitivity pneumonitis; NC: normal healthy
control volunteer. *: p<0.01 versus BOOP, Sar, HP; +,**,***: p<0.01;
p<0.005, p<0.001 respectively versus NC.
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Fig. 3. ± Relationship between bronchoalveolar lavage fluid (BALF)
and serum monocyte chemoattractant protein-1 (MCP-1) levels in each
study subject. IPF: idiopathic pulmonary fibrosis; IP-CVD: interstitial
pneumonia due to collagen vascular disease; CIP: chronic interstitial
pneumonia not otherwise specified; Sar: sarcoidosis. *,**: p<0.05,
p<0.01 respectively versus serum levels.
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CIP patients and 15 of 16 sarcoidosis patients. Levels in
the IPF, IP-CVD, CIP and sarcoidosis groups were sig-
nificantly higher than those in the NC and HP groups. No
statistically significant difference was observed between
the IPF, IP-CVD, CIP and sarcoidosis groups.

The relation between BALF and serum MCP-1 levels of
each subject is depicted in figure 3. BALF levels were
significantly higher than serum levels in the IPF group
(p<0.01) and were significantly lower in the IP-CVD and
CIP groups (p<0.05). In the sarcoidosis group, the ele-

vation of BALF MCP-1 was consistent with that of serum
MCP-1. No significant correlation between MCP-1 levels
in BALF or serum and total macrophage numbers in
BALF was observed in any patient group.

Successive measurements of serum monocyte chemo-
attractant protein-1 level and clinical course

Serum MCP-1 levels before and after corticosteroid the-
rapy were compared with the patients' clinical data (lactate

Table 2. ± Serum monocyte chemoattractant protein-1 (MCP-1) levels before and after corticosteroid therapy compared
with clinical data

Patient
No.

Corticosteroid
therapy

MCP-1
pg.mg-1

LDH
IU

CRP
mg.dL-1

ESR
mm

VC
L

Pa,O2*
mmHg

IP-CVD 1 Before 5,070 825 1.12 98 1.01 53.9
After 1,640 481 0.25 46 1.09 78.9

2 Before 3,870 355 0.77 22 1.88 89.0
After 633 485 0.25 18 1.96 88.0

3 Before 2,392 416 20.54 132 2.00 50.8
After 1,132 369 0.56 30 1.78 77.1

4 Before 2,180 847 3.60 38 1.44 78.9
After 560 412 0.25 14 1.86 84.5

5 Before 1,290 640 6.40 64 1.96 84.5
After 146 392 0.97 18 2.10 87.8

6 Before 909 1,222 0.65 36 2.81 86.6
After 130 477 0.25 10 3.50 94.4

7 Before 446 573 3.36 35 1.31 83.2
After 92 319 0.21 11 1.57 81.7

8 Before 900 420 0.36 28 2.26 78.0
After 3,650 876 11.2 36 - -1

CIP 1 Before 5,910 858 3.67 75 1.52 69.2
After 995 426 0.29 16 2.11 88.2

2 Before 2,720 370 0.87 48 1.65 65.0
After 290 279 0.24 18 1.68 68.0

3 Before 2,350 343 0.33 54 0.96 77.6
After 430 314 0.68 12 1.22 76.2

4 Before 1,230 564 0.23 30 1.22 75.5
After 261 523 0.25 24 2.01 81.8

5 Before 817 452 0.26 62 1.96 63
After 42 396 0.26 12 2.42 86

6 Before 245 456 0.36 38 2.16 78.0
After 39 365 0.26 12 2.80 92.0

IPF 1 Before 70 728 11.60 - - 62.8/0.5+

After 2,970 878 4.20 - - -
2 Before 1,320 850 5.40 - - 70.8/3#

After 2,390 670 9.80 - - -1

3 Before 1,940 940 10.20 - - 69.1
After 2,580 860 4.60 - - -1

4 Before 828 478 1.2 - - 62.0
After 2,090 868 4.8 - - -1

5 Before 860 362 0.3 - - 56.0/1.0+

After 5,012 960 12.3 - - -1

AIP 1 Before 1,138 925 9.38 - - 85.3/5#

After 84 373 1.58 - - 82.0
2 Before 297 582 14.2 - - 55.5

After 9,545 1,564 1.48 - - -1

3 Before 1,460 847 7.40 - - 123.2/4
#

After 2,110 1,184 1.18 - - -1

4 Before 2,680 865 11.2 - - 38.0
After 104 420 0.3 - - 86.0

5 Before 2,380 940 9.8 - - 33.0
After 244 462 1.2 - - 82.0

*: under room air conditions (without oxygen therapy; +: arterial oxygen tension (Pa,O2)/inspiratory oxygen fraction (FI,O2) (with
respirator); #:Pa,O2/volumeofoxygenper minute (oxygenvianasal cannula); 1: dieddue to respiratory failure.LDH: lactatedehydrogenase;
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; VC: vital capacity; IP-CVD: interstitial pneumonia due to collagen vascular
disease; CIP: chronic interstitial pneumonia not otherwise specified; IPF: idiopathic pulmonary fibrosis; AIP: acute interstitial pneumonia.
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dehydrogenase (LDH) activity, C-reactive protein (CRP)
concentration, erythrocyte sedimentation rate, blood gas
analysis and lung function test) in five patients with IPF or
AIP, eight with IP-CVD and six with CIP (table 2). Seven
patients with IP-CVD and six with CIP who had exhibited
progressive dyspnoea with elevation of serum MCP-1
levels were treated with corticosteroid conventionally, and
their symptoms improved with a corresponding marked
decrease in MCP-1 levels (p<0.001). Chest radiographic
findings corresponded markedly to the decrease in serum
MCP-1 levels after steroid therapy, with mean follow-up
periods of 6.0 months for IP-CVD (range 4±10 months)
and of 11.0 months for CIP (range 4±24 months) (fig. 4,
table 2). In spite of corticosteroid-pulse therapy, five
patients with rapid progression of IPF, two with AIP and
one with IP-CVD died because of severe respiratory
failure with concomitant increasing levels of serum MCP-

1 (mean follow-up period 22.3 days, range 16±30 days)
(fig. 4). Three patients with AIP who showed decreasing
serum MCP-1 levels after corticosteroid-pulse therapy
were cured (AIP patients 1, 4 and 5 in table 2 and fig. 4).
When LDH and CRP levels in serum were compared with
MCP-1 levels in patients with IPF and AIP, serum MCP-1
levels correlated well with serum LDH levels. However,
when LDH levels increased despite the clinical course of
AIP showing improved status, MCP-1 levels decreased
following the clinical course of therapy (patient 1, fig. 5).
The increased LDH activity was caused by liver dys-
function due to drug-induced hepatitis.

Discussion

In the present study, the following two findings were
demonstrated. 1) The relation between the increases in

10000

4000

3000

2000

1000

0

Se
ru

m
 M

C
P-

1 
pg

·m
L-

1
a)

●

0 2 4 6 8 10 12

■

●

■

■

■

●

●●
●

†

†
†

†

† †

†

Follow-up  weeks

6000

4000

3000

2000

1000

0

c)

0 2 4 6 8 10 12

●

●

●

●

Follow-up  months

●

●

24

5000

4000

3000

2000

1000

0

b)

0 2 4 6 8 10 12

●

●

●

●

●

●

†

Follow-up  months

●
●

Fig. 4. ± Successive measurement of serum monocyte chemoattractant protein-1 (MCP-1) concentrations before (*) and after (s) corticosteroid
therapy in: a) idiopathic pulmonary fibrosis (IPF) and acute interstitial pneumonia (AIP; J : before therapy; h: after therapy); b) interstitial pneumonia
due to collagen vascular disease (IP-CVD); and c) chronic interstitial pneumonia not otherwise specified. Five patients with IPF, two with AIP and one
with IP-CVD died ({) due to acute exacerbation with concomitant increasing levels of serum MCP-1 despite corticosteroid-pulse therapy (p<0.01).

1250

1000

750

500

250

0

M
C

P
-1

pg
m

L-
1

1000

900

800

700

600

500

400

LD
H

IU

10

7.5

5.0

2.5

0

C
R

P
m

g
dL

-1

363228242016120 84

Follow-up days

l

l

l

l

l l

l

aaa
aaa
aaa
aaa
aaa

bbb
bbb
bbb
bbb
bbb

Drug
therapy

Fig. 5. ± Successive measurement of serum monocyte chemoattractant protein-1 (MCP-1, *), C-reactive protein (CRP, h) and lactate dehydrogenase
(LDH, m) levels in a patient with acute interstitial pneumonitis (patient 1 in table 1). The patient was alive at the end of follow-up. Drug therapy, r:
cyclophosphomide 500 mg.day-1; J: methylprednisolone 4 g.day-1 days 1±3, 2 g.day-1 days 9±12, and 1 g.day-1 days 17±20; p: prednisolone 60
mg.day-1; J: betamethasone 10 mg.day-1. The arrow indicates increased LDH, which was based on liver dysfunction due to drug induced hepatitis.

380 M. SUGA ET AL.



BALF and serum MCP-1 concentrations within each group
showed significant differences between IPF and other ILDs.
Therefore, these increases may differentiate IPF from other
ILDs. 2) Serum MCP-1 levels appeared to correlate with
the clinical course of IPF, AIP, IP-CVD and CIP, and were
considered a valuable serum marker for estimating the ef-
fectiveness of corticosteroid therapy.

The current finding that BALF MCP-1 levels were sig-
nificantly elevated in patients with IPF, IP-CVD and sarc-
oidosis is consistent with an earlier report of elevated
MCP-1 levels in the BALF from patients with IPF and
sarcoidosis [6]. In the present study, the IPF patient group
had significantly higher BALF MCP-1 levels than did the
IP-CVD and sarcoidosis groups. In addition, BALF MCP-
1 levels were higher than serum MCP-1 levels for all
cases of IPF. These results suggested that the increased
MCP-1 was secreted mainly into the airspace in IPF lung
tissue and that the presence of MCP-1 in BALF is not
merely a reflection of MCP-1 in serum.

Unexpectedly, the number of alveolar macrophages in
BALF increased nonspecifically in all patient groups, and
there was no significant correlation between MCP-1 con-
centrations and numbers of alveolar macrophages in the
BALF. However, this finding does not make the role of
MCP-1 in IPF and other ILDs less important because
increased local tissue macrophage replication and pro-
longed survival of alveolar macrophages in the chronically
inflamed lung also have been reported [18, 19] and may
not be ignored. Many other factors, such as tumour nec-
rosis factor-a, transforming growth factor-b, and regu-
lated on activation, normal T-cell expressed and secreted,
that create a local environment at the sites of inflamma-
tion may also be involved [20, 21].

A diagnosis of IPF carries a grave prognosis compared
to other causes of ILD such as IP-CVD, CIP and chronic
HP [9±14, 22]. The differential diagnosis of IPF from other
ILDs is sometimes problematic and can contribute to a
poor prognosis. In the present study, the significance of the
higher BALF than serum MCP-1 levels in the IPF group is
important, especially since serum MCP-1 increases were
higher than those of BALF MCP-1 in some of the groups.
MCP-1 produced in other parts of the body may contribute
to the elevation of MCP-1 concentration in sera since
collagen vascular disease is a systemic disease usually as-
sociated with many complicating disorders in addition to
interstitial pneumonia [10±14]. These findings suggest
that the differences in the pattern of MCP-1 elevation in
BALF and serum may be helpful in the differential diag-
nosis of IPF from other types of ILD.

In addition to the above findings, the possibility that
increases or decreases in serum MCP-1 levels can reflect
the clinical improvement or degeneration of patients with
IPF, IP-CVD or CIP was demonstrated. IPF usually prog-
resses slowly; however, after a period of slow deteriora-
tion, IPF patients often suffer a sudden rapid decline that
results in death. An exact evaluation of IPF activity is of
enormous value clinically. Chest radiography, lung func-
tion tests, blood gas analysis, and determination of serum
CRP and LDH levels are usually used during management
of this disease. Pulmonary surfactant protein D [23] and
KL-6 (a mucin-like glycoprotein) [24±28] have been pro-
posed as new markers for disease activity of ILDs. They
correlate well with the serum LDH levels of patients with
IPF during the clinical course. LDH is generally accepted

as a serum marker of disease activity of ILDs including of
IPF. Serum LDH levels correlate well with the clinical
course of IPF, but are often influenced by bacterial in-
fection or inflammatory processes affecting other organs.
When serum LDH levels were compared with MCP-1
levels in AIP patients and IPF patients with acute exacer-
bation, serum MCP-1 levels correlated well with LDH.
However, when LDH levels were increased by other fac-
tors (liver dysfunction and respiratory infection) despite
improvement in the clinical course of IPF or AIP, MCP-1
levels decreased. It was confirmed that MCP-1 levels in
the serum of patients with respiratory infectious diseases
such as pneumonia caused by bacteria did not increase. In
this study, when disease progressed to death, serum MCP-
1 levels increased markedly irrespective of corticosteroid
therapy. Seven patients with IPF who exhibited dyspnoea
without obvious rapid progression of the disease and who
were not receiving therapy showed no significant increase
in serum MCP-1 levels in the follow-up periods (mean
follow-up period 9.2 months, range 6±12 months) (data
not shown). The patients with IP-CVD and CIP with dis-
ease progression with increased serum MCP-1 levels were
treated with corticosteroids, and they responded to treat-
ment by showing decreased serum MCP-1 levels. Moni-
toring of serum MCP-1 levels may bring a significant
benefit to the treatment of ILDs.

In conclusion, measuring monocyte chemoattractant pro-
tein-1 concentrations in both bronchoalveolar lavage fluid
and serum may help to discriminate idiopathic pulmonary
fibrosis from other types of interstitial lung disease, and
monitoring serum monocyte chemoattractant protein-1 lev-
els may enable prediction of the clinical course of inter-
stitial lung disease.
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