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ABSTRACT: Hypersensitivity pneumonitis (HP) is a granulomatous interstitial
lung disease caused by the inhalation of a variety of antigens and is characterized
by a dramatic accumulation of inflammatory cells, including neutrophils, lympho-
cytes and macrophages, in the lung. The mechanisms implicated in the inflamma-
tory cell recruitment observed in hypersensitivity pneumonitis are unknown.

We examined the concentrations of two important chemokines, interleukin-8 (IL-
8) and monocyte chemoattractant protein-1/monocyte chemotactic and activating
factor (MCP-1/MCAF), in the bronchoalveolar lavage fluid (BALF) of patients with
summer-type hypersensitivity pneumonitis (n=8), and compared them with those in
patients with sarcoidosis (n=13) and with controls (n=8).

In the BALF of summer-type hypersensitivity pneumonitis, the levels both of IL-
8 and MCP-1 were significantly increased compared with levels measured in con-
trol subjects. On the other hand, compared to the control value, the MCP-1 level
in the BALF of the sarcoidosis patients was significantly increased, but IL-8 was
only slightly and nonsignificantly increased.

Since IL-8 is a chemoattractant for neutrophils and T-lymphocytes, whereas MCP-
1 acts mainly on monocytes/macrophages, our findings may indicate that these two
chemokines participate in the cellular accumulation observed in hypersensitivity
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Hypersensitivity pneumonitis (HP) is a granulomatous
interstitial lung disease caused by the inhalation of a vari-
ety of environmental antigens that elicit an inflamma-
tory response in the lung [1]. HP is characterized by a
marked cellular influx and accumulation of inflamma-
tory cells in the lungs in patients exposed to certain anti-
gens. In the early phases of the disease, neutrophil
infiltration is apparent after exposure to the causative
antigen [2]. Later phases of the response are character-
ized by accumulation of macrophages and lymphocytes,
mostly of the CD8+ subset [3]. Activated macrophages
and lymphocytes may play a role in amplifying the mag-
nitude of the lung inflammatory response in HP [4, 5].
The humoral responses against the offending agents are
not correlated with the disease process [1]. The relative
contributions of the different cell types and their medi-
ators in promoting the disease are still unclear, but the
participation of various cytokines and chemokines is prob-
able.

Recently, the chemokine known as interleukin-8 (IL-
8), which is a member of a superfamily of cell type-
specific leucocyte-attracting and activating peptides,
was purified, sequenced and cloned [6-8]. IL-8 is pro-
duced in vitro by several cell types, including alveolar

macrophages, fibroblasts [9], lymphocytes, and endothe-
lial [10] as well as epithelial cells [11], in response to a
number of stimuli, such as lipopolysaccharide (LPS),
interleukin-1 (IL-1) and tumour necrosis factor-o. (TNF-
a) [12]. At high concentrations, IL-8 acts as a specific
chemoattractant for neutrophils, but at lower concentra-
tion it affects lymphocytes [13].

Monocyte chemoattractant protein-1 or monocyte che-
motactic and activating factor (MCP-1/MCAF) is ano-
ther chemokine which has been identified [14—-16] and
is expressed and released by a variety of cell types, in-
cluding leucocytes, smooth muscle cells, endothelial
cells, fibroblasts, epithelial cells, and alveolar macrophages
[14, 17]. MCP-1 was shown to have a selective chemo-
tactic activity for mononuclear phagocytes and to play
an important role in monocyte/macrophage recruitment
[14].

In HP, the analysis of bronchoalveolar lavage fluid
(BALF) has revealed an increase of total cell number,
including alveolar macrophages, and a transient increase
of neutrophil number in the early phase, followed by
lymphocytosis. This course of cellular accumulation
may suggest the participation of IL-8 and MCP-1 in the
processes of HP. In order to examine this hypothesis,
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we measured the concentrations of IL-8 and MCP-1 in
BALF from patients with summer-type HP, which is the
most frequent type of HP in Japan [18], and compared
these concentrations with those in patients with sarcoidosis
and with controls.

Methods

Patients with HP

Eight patients with summer-type hypersensitivity
pneumonitis (ST-HP) (two males and six females; age
(meantsp) 48+11 yrs; range, 34-61 yrs) were studied.
All patients were in the acute stage and newly diagnosed.
Four were nonsmokers, two were ex-smokers and two
were current smokers. None were receiving corticos-
teroids. The interval between the last exposure to spe-
cific antigens and bronchoalveolar lavage (BAL) ranged
1-20 days (mean 6.5+6.0 days). The ST-HP in all of
the patients completely fulfilled the diagnostic criteria of
the Research Committee of Diffuse Respiratory Diseases
in Japan [18], i.e. the ST-HP had been diagnosed based
on the appearance of symptoms in summer, with cough,
remittent fever, and dyspnoea following exposure to the
causative agents, and the detection of diffuse nodular or
ground glass shadows on the chest roentgenograph, anti-
Trichosporon cutaneum antibody in the serum, and alve-
olitis, Masson's body, as well as granulomas in the
specimens of transbronchial lung biopsy. ST-HP is con-
fined to Japan, and is caused by inhalation of seasonal
molds that contaminate the home environment during the
hot and humid summer season. The causative agent of
ST-HP is Trichosporon cutaneum, an imperfect yeast
[19]. All patients had the acute form of the disease with
malaise, shivers, dyspnoea, and cough.

Patients with sarcoidosis

Thirteen active, untreated and newly diagnosed patients
with pulmonary sarcoidosis (two males and 11 females;
age (meantsp) 4318 yrs) were evaluated. They all had
a clinical background consistent with the diagnosis of
sarcoidosis, together with biopsy evidence of noncaseating,
epithelioid cell granulomas, and no evidence of mycobac-
terial, fungal, or parasitic infections. None had a his-
tory of exposure to any organic or inorganic material
known to cause granulomatous lung disease, nor was any
patient being treated with corticosteroids. Eight were
nonsmokers and five were current smokers.

Control subjects

The control group consisted of eight subjects (five
males and three females; age (meantsp) 45+12 yrs)
with no evidence of diffuse respiratory disease. They
underwent bronchoscopy as a diagnostic procedure per-
formed to evaluate a history of minor haemoptysis, a
solitary peripheral lung nodule (<2 cm), or other minor
radiological findings on their chest roentgenogram. All
control patients had comparable lung function within the
normal range as determined by routine spirometry. None

of the patients were receiving corticosteroids and other
drugs orally or by inhalation. Four were nonsmokers
and five were current smokers.

Informed consent was obtained from each patient in
the study according to institutional guidelines.

Bronchoalveolar lavage and fluid processing

BAL was performed using standard techniques [20].
Sterile normal saline at room temperature was instilled
through a bronchoscope in 50 mL aliquots to a total vol-
ume of 150 mL, with harvesting of the fluid by imme-
diate gentle hand suctioning applied to each instilling
syringe. Differential counts were performed using Wright-
Giemsa-stained cytocentrifuge specimens prepared using
a cytospin. The pooled BALF was centrifuged at 800xg
for 10 min. The supernatant fluid was frozen at -70°C
until use. Before the assay, 10 mL of supernatant fluid
was concentrated to approximately 1 mL using a Centricon
3 (Amicon, Beverly, MA, USA).

Quantification of IL-8 and MCP-1 levels in BALF

IL-8, MCP-1, and albumin levels were measured in
the 10 fold concentrated BALF samples.

IL-8 and MCP-1 assay. The IL-8 level was determined
using an enzyme-linked immunosorbent assay (ELISA),
by using monoclonal antibody (clone WS4) as a captur-
ing antibody (Ab) and rabbit Ab as a second Ab, both
of which were raised against human recombinant IL-8
(rIL-8 of 72 amino acid form (gift from Dainippon
Pharmaceutical Co., Osaka, Japan)), as described previ-
ously [21]. The detection limit of this assay was 20 pg
of IL-8 per mL. The specificity of this ELISA system
was established in that the WS4 did not cross-react with
other chemokines, including MCP-1, platelet factor 4,
beta-thromboglobin, MIP-1 alpha/beta, RANTES, IL-1a.,
and TNF-a.

For the MCP-1 assay, a Sandwich ELISA was devel-
oped using biotinylated polyclonal rabbit anti-human
MCP-1 antibody with rMCP-1 (Peprotech; Rocky Hill,
NJ, USA) as a standard [21]. The sensitivity of this sys-
tem was found to be 40 pg of MCP-1 per mL. The
specificity of this assay was confirmed by observation
of no cross-reaction of this antibody with IL-8, RANTES,
MIP-1 alpha/beta, IL-1a, or TNF-a. Both the ELISA
systems were tested with known quantities of IL-8 and
MCP-1 in control BALF. All of the samples were assa-
yed at least in duplicate.

The relationship between the levels of these two
chemokines, IL-8 and MCP-1, in the patients with ST-
HP was examined using linear regression analysis.

Albumin assay. Albumin was measured in the concen-
trated BALF via a specific radio-immunoassay.

Evaluation of BALF characteristics and their relation-
ship to the levels of chemokines in subjects groups. We
examined the following BALF characteristics in the
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Table 1. — Clinical and BAL characteristics of patients with summer-type hypersensitivity pneumonitis
Pt Age Sex Tobacco Time since VC Pao, Ti.co Total AM  Granulo Lympho CD4/CD8
pack-yrs last exposure % pred atrest  %pred  cells % % % ratio
No. yrs days Torr kPa x106-mL-!
1 36 M 37.5 7 120 538 72 63 0.88 15.0 4.0 81.0 0.21
2 56 F ) 1 79 624 83 61 1.33 43.4 8.3 48.3 0.52
3 37 M Ex 1 107 716 95 88 1.97 16.0 1.5 82.5 0.15
4 53 F ©) 5 74 570 76 38 1.80 8.8 55 85.7 0.54
5 34 F ) 6 53 531 7.1 24 0.95 19.1 4.6 79.3 0.74
6 61 F ) 7 75 534 7.1 52 0.48 9.8 4.0 86.2 0.65
7 60 F Ex 5 99 569 76 49 1.39 9.0 2.7 88.3 0.17
8 50 F 15.0 20 106 40.7 54 77 0.71 17.7 18.4 63.9 0.25
Mean 6.5 89 56.1 75 57 1.19 17.4 6.1 76.9 0.40
+sD +6.0 122 8.8 £1.2 121 +0.52 113 5.3 +13.8 +0.23

BAL: bronchoalveolar lavage; Pt: patient; VC: vital capacity;
lungs for carbon monoxide; AM: alveolar macrophage; Granulo:

patients with ST-HP and all subjects: total cell number,
percentage and absolute number of macrophages, lym-
phocytes and granulocytes, and their relationship to the
concentrations of IL-8 and MCP-1.

Statistical analysis

All values are expressed as meantsp. Analysis of data
was performed using the nonparametric Mann-Whitney
U-test. Simple linear correlation (Pearson's r) was
employed to evaluate the relationship between IL-8 and
MCP-1 levels in BALF. A p-value of less than 0.05 was
considered significant.

Results

Analysis of cells in BALF

Table 1 shows the clinical and BAL characteristics of
the eight patients with ST-HP. The absolute number of
cells recovered from lavage in these patients was marked-
ly elevated (meantsp 1.19+0.52 x106 cells-mL-!; n=8),
as was the % lymphocytes (77£14), with a low CD4/CD8
ratio (mean 0.40£0.23). Table 2 shows the BAL char-
acteristics of the three groups.

Pao,: arterial oxygen tension; Tr,co: transfer factor of the
granulocyte; Lympho: lymphocyte; M: male; F: female.

IL-8 and MCP-1 levels in BALF samples

IL-8 and MCP-1 were detectable in every 10 fold con-
centrated BALF sample in all of the subjects. The data
shown here are normalized to crude concentrations. As
shown in figure 1, the levels of IL-8 and MCP-1 in the
BALF of the patients with ST-HP were significantly
higher than those both in the subjects with sarcoidosis
and the controls. When normalized to albumin, the level
of IL-8 in the BALF of the patients with ST-HP (30.8+
22.3 pg-mg! albumin) was significantly higher than that
in the subjects with sarcoidosis (11.7+13.6 pg-mg-! albu-
min; p<0.05) and in controls (7.4£10.3 pg-mg! albumin;
p<0.005) (fig. 2a). When normalized to albumin, the
level of MCP-1 in the BALF of the patients with ST-
HP (33.4422.7 pg:mg! albumin) was also significantly
higher than that in the controls (10.6+£10.3 pg-mg-! albu-
min; p<0.01), but it showed no significant difference
from that in the sarcoidosis group (45.0+27.4 pg-mg-!
albumin) (fig. 2b).

Five of the patients with sarcoidosis showed a signifi-
cant lymphocytosis above 40% (meantsp 67£15%) in
BALF samples. The meantsp level of IL-8 (30.8+22.3
pg-mg ! albumin) in the ST-HP patients was significantly
higher than that in the five sarcoidosis patients with
lymphocytosis (5.917.5 pg-mg! albumin; p<0.01), but
there was no difference between these groups in the level
of MCP-1 (33.4422.7 pg:mg'! albumin and 40.6+29.2

Table 2. — Patient's BAL features
Group Age BAL Total Cytology results % Mean
recovery cells albumin

(n) S/NS yrs % x106-mL-! AM Lympho Granulo mg-dL-!

Normals 4/4 45+14 56x10 0.38+0.26 88.7 10.4 0.9 4.00

(n=8) 7.8 7.6 0.4

ST-HP 2/6 48+11 44+£12 1.19+0.52 17.4 76.9 6.1 25.23

(n=8) +11.3 +13.8 +5.3

Sarcoid 5/8 42+18 5819 0.31+0.16 63.2 38.1 1.0 9.53

(n=13) +28.3 +26.9 0.7

Data are presented as meantsp. Mean BAL recovery (%) of 150 mL instilled. S: current smoker; NS: nonsmoker and ex-smoker.

For further abbreviations see legend to table 1.



BAL CHEMOKINES IN HYPERSENSITIVITY PNEUMONITIS 1087

a) —— p<0.01
i — p<0.01
160 l
[ )
140 1 .
1201
Y
=< 100
2 g0 *e
2 (]
®  60- °
- — NS ]
40
SIS
0. 23800t et B
HP SAR  CONT
— p<0.01
b) —p<0.05 71
180
160
140 I
L
= 120- —p<0.05 —
m
| |
g 100 .
= 80+ 1 .
5 . *
S 60-
[ )
40 ¢ .
s o
207 E: %
0 ° LH] L]
HP SAR CONT

Fig. 1. — Concentrations (meantsp) of: a) IL-8; and b) MCP-1 in
BALF from patients with ST-HP (HP), sarcoidosis (SAR) and control
(CONT) subjects. The results are expressed as pg of IL-8 or MCP-1
per mL of BALF. IL-8: interleukin-8; MCP-1: monocyte chemoat-
tractant protein-1; BALF: bronchoalveolar lavage fluid; ST-HP:
summer-type hypersensitivity pneumonitis; Ns: nonsignificant.

pg-mg! albumin, respectively). These data suggest that
MCP-1 may play a role in cell accumulation both in
ST-HP and sarcoidosis.

Relationship between BALF IL-8 and MCP-1 in patients
with ST-HP

Linear regression analysis demonstrated no significant
correlation between the BALF IL-8 and MCP-1 levels
in the patients with ST-HP (r=0.366; n=8). These data
suggest that the production and/or degradation/clearance
of each chemokine is regulated differentially.
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Fig. 2. — Concentrations (meantsp) of: a) IL-8 protein; and b) MCP-
1 normalized to albumin in BALF from patients with ST-HP, sarcoi-
dosis and control subjects. The results are expressed as pg of IL-8 or
MCP-1 per mg of albumin. For abbreviations see legend to figure 1.

Relationship of BALF characteristics to the levels of IL-
8 and MCP-1 in the patients with ST-HP and in all sub-
Jects

There was no significant correlation between BALF
characteristics and the concentrations of chemokines in
the patients with ST-HP. Analysis of data in all sub-
jects revealed significantly positive correlations between
the absolute number of lymphocytes and IL-8 level,
absolute number of granulocytes and IL-8 level, total cell
number and MCP-1 level, and absolute number of lym-
phocytes and MCP-1 level (fig. 3). These data and the
biological activity of these two chemokines suggest that
IL-8 and MCP-1 may participate in the accumulation of
inflammatory cells in these granulomatous and intersti-
tial lung diseases.
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Fig. 3. — Relationship between BALF characteristics and the levels of chemokines in all subjects. Shown on the ordinate and abscissa are: a)

absolute number of lymphocytes in BALF and the level of IL-8 (pg-mL-! BALF); b) absolute number of granulocytes in BALF and the level of
IL-8 (pg'mL-! BALF); c) total number of cells in BALF and the level of MCP-1 (pg-mL-! BALF); and d) absolute number of lymphocytes in
BALF and the level of MCP-1 (pg-mL-! BALF). PMN: polymorphonuclear neutrophils. For further abbreviations see legend to figure 1.

Discussion

Our findings demonstrate elevation of the levels of
two important inflammatory chemokines, IL-8 and MCP-
1, in BALF from untreated symptomatic patients with
ST-HP. In contrast, elevation of IL-8 level was lower
in the BALF from sarcoidosis patients, even in those
with significant lymphocytosis in BALF. It has been
reported that only low levels of IL-8 messenger ribonu-
cleic acid (mRNA) were detected in BAL cells isolated
from patients with pulmonary sarcoidosis [22]. On the
other hand, Car et al. [23] reported elevated IL-8 in
BALF of patients with sarcoidosis. In contrast, even in
our sarcoidosis group with lymphocytosis, the level of
IL-8 was not elevated. The discrepancy between our
findings and those of CaAR et al. [23] remains unclear, at
present. In HP, an immediate and transient neutrophil
alveolitis occurs after antigen inhalation [2]. After this
immediate stage, a significant lymphocytosis with a slight
increase of neutrophil number is observed in BALF. The
elevated IL-8 level in the BALF of patients with ST-HP

seems most probably related to the accumulation of neu-
trophils in the interstitium that can be observed in the
early stages of hypersensitivity pneumonitis. YOSHIZAWA
et al. [24] reported that active chemotactic factors for
polymorphonuclear cells could be correlated with the
level of C5a des Arg in BALF but not with leukotriene
B, in ST-HP [24]. Further investigations will be need-
ed to clarify the role of C5a.

Recently, Denis et al. [25] reported that Micropoly-
spora faeni, which is a causative antigen of a form of
HP known as farmer's lung, directly stimulates the secre-
tion of TNF by alveolar macrophages. TNF is known
to stimulate various cells, including alveolar macrophages,
for increased IL-8 production [26]. These observations,
together with our finding of the elevation of IL-8 in
BALF in ST-HP patients, suggest that IL-8 plays a prom-
inent role in the cell accumulation seen in the lung in
this disease. In the BALF of the ST-HP patients, the
level of MCP-1, which has a selective chemotactic acti-
vity for mononuclear phagocytes, was also elevated. The
increased levels of these two chemokines suggest, as a
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possible causative mechanism in the lung in HP, the
recruitment of neutrophils and/or lymphocytes induced
by IL-8; with MCP-1 playing a role in acceleration of
the inflammatory process by the accumulation of mono-
nuclear phagocytes at the inflammatory sites in ST-HP.
In the cytokine network model in the lung, alveolar
macrophages initially respond to a stimulus by secreting
TNF and/or IL-1. These cytokines then act in an auto-
crine or paracrine fashion, leading to interleukin-6 (IL-
6) and IL-8 release by macrophages, epithelial cells or
fibroblasts, and triggering an inflammatory response
involving neutrophils, macrophages and lymphocytes.
The course of inflammation which occurs in ST-HP may
be explained by this model.

The participation of IL-8 has been reported in various
diseases and conditions. It has been demonstrated that
the expression of the IL-8 gene by alveolar macrophages
is increased in idiopathic pulmonary fibrosis (IPF), and
IL-8 derived from alveolar macrophages may signifi-
cantly contribute to neutrophil involvement in the patho-
genesis of IPF [22, 27]. The reported concentration of
IL-8 in BALF derived from patients with IPF is 58.5+11.2
pg-mg! [27]. Although it is difficult to directly com-
pare our data with the data in IPF, the IL-8 level in our
ST-HP patients might be even higher than that reported
in IPF [27].

When the pulmonary content of alveolar macrophages
is increased during acute inflammatory episodes, elabo-
ration by the lung of monocyte-specific chemoattractants
with recruitment of more mononuclear cells has been
suggested [28]. MCP-1 may be a prime candidate for
such a chemoattractant, since BRIELAND et al. [29] demon-
strated that alveolar macrophages themselves are a source
of MCP-1, raising the interesting possibility of a posi-
tive feedback mechanism in the recruitment of alveolar
macrophages.

In conclusion, the levels both of IL-8 and MCP-1 were
significantly increased in the BALF of ST-HP, and our
findings may indicate that these two chemokines par-
ticipate in the cellular accumulation observed in HP.
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