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ABSTRACT: Interstitial lung diseases are thought to be associated with the in-
filtration of activated T-lymphocytes. To induce an effective immune response,
antigen-presenting cells have to not only present antigenic peptide with major his-
tocompatibility complex (MHC) molecules to T-lymphocytes but also express B7
molecules.

Therefore, the expression of B7-1, B7-2 and class II MHC molecules was inves-
tigated in lung tissues from patients with idiopathic pulmonary fibrosis (IPF) and
bronchiolitis obliterans-organizing pneumonia (BOOP), and in normal lung paren-
chyma as a control, using immunohistochemical localization.

B7-1 and B7-2 were aberrantly expressed in bronchiolar and alveolar epithelial
cells, and class II MHC molecules were also aberrantly expressed in bronchiolar
epithelial cells in IPF. B7-1 was aberrantly expressed in bronchiolar epithelial cells in
BOOP. There was no significant difference in the expression of these proteins in
alveolar macrophages between IPF and control subjects. However, B7-2 and class II
MHC molecule expression in alveolar macrophages was decreased in BOOP com-
pared with that in control subjects. Expression of CD28 and CTLA-4, receptors for B7
molecules, was detected in infiltrating lymphocytes in lung tissues in IPF and BOOP.

It was concluded that bronchiolar and alveolar epithelial cells may actively par-
ticipate in the pathophysiology of idiopathic pulmonary fibrosis through the aberrant
expression of B7 and class II major histocompatibility complex molecules. The dys-
regulation of these molecules in epithelial cells may lead to the activation of auto-
reactive T-lymphocytes, which might contribute to the pathogenesis of fibrosing lung
diseases.
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Beside the specific signal delivered by an antigenic
peptide in association with a major histocompatibility com-
plex (MHC) molecule, T-cell activation requires a co-
stimulatory signal that is provided by B7-1 and B7-2
molecules, which interact with the CD28 on T-cells [1, 2].
All CD4+ and most CD8+ T-cells express CD28 consti-
tutively, and CD28-deficient T-cells show a markedly
reduced response to antigen stimulation [3]. A second
ligand for B7 molecules is CTLA-4, which is expressed in
T-cells after activation and may also regulate T-cell func-
tion [4]. Blocking of the B7/CD28 pathway in vitro
results in T-cell anergy [5, 6], whereas in vivo blocking of
the B7/CD28 pathway results in immunosuppression in
animal models [7, 8].

Antigen-presenting cells (APCs) play an important role
in regulating immune responses. One of the characteristic
hallmarks of "professional" APCs is their expression of
class II MHC molecules [9], which allows APCs to bind
and present antigens to CD4+ T-cells. "Professional"
APCs include bone marrow-derived B-cells, macrophag-
es and dendritic cells [10, 11].

Previous reports have suggested that epithelial cells in
mucosal tissues lack B7 costimulatory molecules [12, 13].

The absence of B7 costimulatory molecules has previous-
ly been shown to restrict the ability of epithelial cells to
activate CD4+ T-cells [12]. However, recent studies have
suggested that some "nonprofessional" APCs, such as ke-
ratinocytes [14], microglia [15] and gastric epithelial cells
[16] also express B7 molecules and can lead to costim-
ulation. Costimulating molecules participate in the patho-
genesis of autoimmune diseases, the rejection of grafted
organs and graft-versus-host disease. Antagonists of these
molecules can prevent or ameliorate these conditions [17].

There is much clinical, pathological, and experimental
evidence that some abnormality of immune function is
involved in idiopathic pulmonary fibrosis (IPF), and pa-
tients with IPF often present clinical and serological evi-
dence of autoimmunity. The pathogenesis of bronchiolitis
obliterans-organizing pneumonia (BOOP), in which mo-
nonuclear cell infiltration into lung tissues is also found is
also unknown. Since it is important to evaluate the ex-
pression of costimulating molecules in the activation of
T-cells and the participation of autoimmunity in the patho-
genesis of interstitial lung diseases, the expression of B7-1,
B7-2 and class II MHC molecules in IPF and BOOP was
investigated.
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Materials and methods

Patients and control subjects

This study of IPF was performed on lung samples ob-
tained by means of open lung biopsy from 10 patients and
by means of autopsy from four patients. The patient com-
prised 10 males and four females, whose ages ranged 41±
75 yrs (mean 59 yrs). Eleven were smokers and three were
nonsmokers. The study of BOOP was performed on lung
samples obtained by transbronchial biopsy from five pa-
tients. The patient comprised two males and three females,
whose ages ranged 53±81 yrs (mean 62 yrs). Two were
smokers and three nonsmokers. The diagnosis of IPF and
BOOP was established on the basis of a combination of
medical history, physical examination, laboratory tests,
chest radiography, pulmonary function tests and the results
from pulmonary biopsy specimens, according to prev-
iously described criteria [18±20]. In BOOP cases, at least
three specimens were obtained via transbronchial biopsy.
One case showed histological findings of bronchiolitis
obliterans-organizing pneumonia, and four of those had
organizing pneumonia with mononuclear cell infiltration
into the interstitium. In all cases of BOOP, bronchoal-
veolar lavage (BAL) fluid cytological results and the phe-
notypic profile were consistent with a typical BAL fluid
profile of BOOP. All cases of BOOP responded drama-
tically to corticosteroid treatment. The control subjects
comprised ten patients with lung cancer consisting of a
solitary pulmonary nodule, and were retrospectively free
of any inflammatory disease, and demonstrated an ab-
sence of signs of restrictive or obstructive lung disease in
the pulmonary function test. The controls comprised five
males and five females, whose ages ranged 55±79 yrs
(mean 65 yrs). Six were smokers and four nonsmokers. In
all patients, a current infection with bacteria, mycobac-
teria or fungi was excluded by means of negative cultures
of sputum or BAL fluid.

Tissue preparation

The tissue samples were fixed in 10% formalin over-
night, and then embedded in paraffin. Two 5 mm paraffin
sections were adhered to slides pretreated with poly-L-ly-
sine. These sections were dewaxed by washing three times
for 5 min each in xylene, then rehydrated in 100%, 95%
and 80% ethanol, for 5 min each, and finally rinsed with
distilled water.

Immunohistochemical localization of B7 and major his-
tocompatibility complex molecules

Hydrated autoclaving was used as a pretreatment before
immunostaining, as previously described by SHIN et al.
[21]. Following deparaffinization in xylene and rehydra-
tion in ethanol, the tissue sections were autoclaved for 20
min at 1218C in a glass pot filled with distilled water to
completely immerse the sections and washed three times
in 0.1 M phosphate-buffered saline (PBS). Immunohis-
tochemical localization was performed via a modified
streptavidin/biotinylated peroxidase technique using a
Histofine SAB-PO kit (Nichirei Corporation, Tokyo,
Japan). Nonspecific protein staining was blocked with

rabbit serum for 30 min at room temperature. The sec-
tionswereincubatedwithmouseantihumanB7-1(Immuno-
tech, Marseille, France), antihuman B7-2 (PharMingen,
San Diego, CA, USA) and antihuman MHC Class II
antigen monoclonal antibody (PharMingen), which reacts
with all major histocompatibility class II HLA-DR and
DP, and most DQ, antigens, overnight at 48C. The sec-
tions were rinsed with PBS and incubated with bio-
tinylated antimouse immunoglobulin G (IgG) (Nichirei
Corporation) for 30 min, and washed and treated with
0.3% hydrogen peroxide, to inhibit the activity of any
endogenous peroxidase, in methanol for 30 min. The
slides were washed, incubated with streptavidin/ biotin/
peroxidase complex (Nichirei Corporation) for 30 min
and developed according to the manufacturer's directions.
For control incubations, specific antibodies were replaced
with nonimmune mouse IgG (Santa Cruz, Santa Cruz,
CA, USA). The intensity of staining was analysed inde-
pendently by two observers used to immunohistochem-
ical localization. The degree of staining was assessed
semiquantitatively in each type of cell: grade 2, >50% of
cells positive; grade 1, >10% of cells positive; and grade
0, <10% of cells positive. The criteria for distinguishing
between alveolar and bronchiolar epithelium were as fol-
lows. When there was damage to type I pneumocytes, as
evidenced by their widespread replacement by hyper-
plastic or atypical cells, but alveolar architecture was
maintained, alveolar wall-lining cells were defined as
type II cells. When there was destruction of the normal
acinar architecture with considerable replacement fibro-
sis, such as honeycombing, cells lining the remodelling
airspace were defined as bronchiolar epithelium.

Immunohistochemical localization of CD28 and CTLA-4

In order to detect lymphocytes expressing receptors
enabling them to bind with sufficient avidity to costimulat-
ing molecules, immunohistochemical localization of CD28
and CTLA-4 was performed. This was carried out as de-
scribed above without the autoclaving pretreatment, using
goat polyclonal antihuman CD28 antibody (Santa Cruz)
and antihuman CTLA-4 antibody (Santa Cruz). For control
incubations. specific antibodies were replaced by goat ser-
um (Nichirei, Corporation).

Statistical analysis

To determine statistical significance, the immunostain-
ing grades were compared using the Mann-Whitney U-test
and the intra- and interobserver correlations were analysed
using Spearman's rank correlation coefficient (Abacus
Concepts Statview J4.11 package). A p-value of <0.05 was
considered significant.

Results

Intra- and interobserver correlations

Table 1 shows that intra- and interobserver correlations
were good. The composite mean of two observers' grades
was calculated and assessed as the grade of one patient
when the difference between IPF or BOOP and controls
was assessed.
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Immunohistochemical localization of B7-1

Figure 1 shows representative results of immunohis-
tochemical localization of B7-1. Positive B7-1 signals
were found in the cytoplasm of bronchiolar and alveolar
epithelial cells, as well as alveolar macrophages in lung
tissues from patients with IPF (fig. 1A and B). In normal
lung parenchyma, positive signals were found in macro-
phages but not in epithelial cells (fig. 1C).

As shown in figure 2, the degree of B7-1 expression in
bronchiolar and alveolar epithelial cells was significantly
upregulated in IPF and BOOP compared with controls.
There was no significant difference in B7-1 expression in
macrophages between IPF and the controls, whereas there
was a significant increase in BOOP compared with con-
trols.

Immunohistochemical localization of B7-2

Figure 3 shows representative results of immunohis-
tochemical localization of B7-2. B7-2 immunoreactivity
was detected in bronchiolar and alveolar epithelial cells as
well as alveolar macrophages in lung tissues from patients
with IPF (fig. 3A and B). There were positive signals in
alveolar macrophages in normal lung parenchyma (fig.
3C), but no positive signal in epithelial cells.

As shown in figure 2, the degree of B7-2 expression in
bronchiolar and alveolar epithelial cells was significantly
upregulated in IPF compared with controls. B7-2 ex-
pression in macrophages was significantly decreased in
BOOP compared with the controls, whereas that in IPF
was almost equal to that of the controls.

Immunohistochemical localization of class II major his-
tocompatibility complex molecules

Figure 4 shows representative results of immunohis-
tochemical localization of class II MHC molecules. Class
II MHC molecule immunoreactivity was detected in
bronchiolar epithelial cells, as well as alveolar macro-
phages in lung tissues from patients with IPF (fig. 4A and
B). There were positive signals in alveolar macrophages
in normal lung parenchyma (fig. 4C), but no positive
signal in epithelial cells.

As shown in figure 2 the degree of class II MHC mo-
lecule expression in bronchiolar epithelial cells was sig-
nificantly upregulated in IPF compared with controls.
That on alveolar epithelial cells was not upregulated in
IPF or BOOP. There was no significant difference in class
II MHC molecule expression in macrophages between
IPF and the controls, whereas that in BOOP was signi-
ficantly decreased compared with that of the controls.

Immunohistochemical localization of CD28 and CTLA-4

Figure 5 shows representative results of immunohis-
tochemical localization of CD28 and CTLA-4. CD28 and

Table 1. ± Intra- and interobserver correlation coefficients
of the immunoreactivity grade

Observer Bronchiolar
epithelium

Alveolar
epithelium

Macrophages

Intraobserver
correlations

B7-1 1 0.986+ 0.938+ 0.732+

2 0.924+ 0.903+ 0.779+

B7-2 1 0.863+ 0.907+ 0.821+

2 0.969+ 0.936+ 0.896+

MHC class II 1 0.967+ 0.834+ 0.828+

2 0.916+ 1.000+ 0.940+

Interobserver
correlations

B7-1 - 0.881+ 0.576** 0.729+

B7-2 - 0.714+ 0.834+ 0.867+

MHC class II - 0.827+ 0.736+ 0.861+

**: p<0.01; +: p<0.0001.

Fig. 1. ± Immunohistochemical localization of B7-1. Positive signals
were seen in: A, B) bronchiolar and alveolar epithelial cells (arrowheads
in inset) and macrophages in idiopathic pulmonary fibrosis; and C) mac-
rophages but not epithelial cells in normal lung parenchyma.
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CTLA-4 immunoreactivity was detected in infiltrating
lymphocytes in lung tissues from patients with IPF (fig.
5A and B, respectively) and BOOP. There were few po-
sitive signals on lymphocytes in normal lung parench-
yma.

Discussion

It was observed that the costimulatory molecules B7-1,
B7-2 and class II MHC molecules were aberrantly coex-
pressed in bronchiolar epithelial cells, and B7 molecules
without class II MHC molecules were also expressed in
alveolar epithelial cells in IPF. The B7 and class II MHC
molecule expression in alveolar macrophages in IPF was
not different from that of controls. In BOOP, B7-1 was
aberrantly expressed in bronchiolar and alveolar epithelial

cells, whereas B7-2 and class II MHC molecules were not
detected in epithelial cells. In addition, B7-1 expression in
macrophages in BOOP was significantly increased, where-
as the expression of B7-2 and class II MHC molecules was
significantly decreased in BOOP compared with that in
controls. These findings suggest that the aberrant expres-
sion of B7-1, B7-2 and class II MHC molecules in epi-
thelial cells in IPF and aberrant B7-1 expression in
epithelial cells in BOOP may associate with the activation
of immunological mechanisms.

Studies performed in transgenic mice support the pos-
sibility that ectopic expression of class I or II MHC
molecules on "nonprofessional" APCs, such as islets of
Langerhans cells, is not enough to activate T-cells [22].
However, coexpression of the appropriate costimulatory
molecules, such as B7-1, in the islets activates these cells
and results in autoimmune destruction of islets [23]. The
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coexpression of B7 and class II MHC molecules in bron-
chiolar epithelial cells in IPF could be sufficient for the
activation of T-cells and may lead to the autoimmune
destruction of these cells. As well as in IPF, there was
aberrant expression of B7-1 in bronchiolar epithelial cells
in BOOP, while positive signals for B7-2 and class II
MHC molecules were not present. It has been demon-
strated that expression of B7-1 alone does not lead to the
removal of tolerance to autoantigens in B7-1 transgenic
mice [24, 25]. Therefore, B7-1 expression in bronchiolar
epithelial cells in BOOP may be of no significance for the
activation of autoreactive CD4+ T-cells.

The outcome of an immune response involves a balance
between CD28-mediated T-cell activation and CTLA-4-
mediated downregulation. In this study, CD28 and CTLA-
4 were expressed in infiltrating lymphocytes surrounding
bronchiolar and alveolar epithelial cells in IPF. It has pre-
viously been demonstrated that almost equal numbers of
CD4+ and CD8+ T-lymphocytes infiltrate the lung tissue
of patients with IPF [26]. These lymphocytes express Fas
ligand (FasL), which is one of the major cytotoxic ef-
fectors of T-cells and natural killer cells, and indicates the
activation of T-cells [26]. It has also been demonstrated

Fig. 4. ± Immunohistochemical localization of class II major his-
tochemical complex molecules. Positive signals were seen in: A, B)
bronchiolar and alveolar epithelial cells and macrophages in idiopathic
pulmonary fibrosis; and C) macrophages but not epithelial cells in
normal lung parenchyma.

Fig. 3. ± Immunohistochemical localization of B7-2. Positive signals
were seen in: A, B) bronchiolar and alveolar epithelial cells (arrowheads
in inset) and macrophages in idiopathic pulmonary fibrosis; and c) mac-
rophages but not epithelial cells in normal lung parenchyma.
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that there was deoxyribonucleic acid damage and apop-
tosis in bronchiolar and alveolar epithelial cells in IPF
[27]. These results suggest that autoreactive T-cells may
be induced by the association of CD28 with the aberrant
expression of B7 and MHC molecules in lung epithelial
cells. These epithelial cells may be attacked by lympho-
cytes through cytotoxic effectors such as FasL and per-
forin, resulting in the loss of normal lung parenchyma and
pulmonary fibrosis.

Recently, SIGAL et al. [28] demonstrated that a com-
bination of both anti-B7-1 and -B7-2 monoclonal anti-
body blocked cytotoxic T-lymphocytes (CTL) responses
using MHC class II-deficient mice lacking most CD4+
cells, indicating that the T-helper cell-independent acti-
vation of CTLs is dependent upon the B7-costimulatory
signals supplied to the CD8+ T-cells. Furthermore, it was

demonstrated that transfecting poorly immunogenic class
II MHC-negative tumour cells with B7-1 increases the
ability of mice to reject such cells [29]. Therefore, the
aberrant expression of B7 in lung epithelial cells without
class II MHC molecules may also have the ability to ac-
tivate autoimmunity in CD8+ T-cells.

Alveolar macrophages have been shown to be defective
in activating T-cells and initiating inflammatory responses
[30, 31]. CHELEN et al. [32] demonstrated that alveolar
macrophages were not able to present antigens effectively
to T-cells due to the insufficient expression of B7 mole-
cules [32]. B7-1, B7-2 and class II MHC molecules in
alveolar macrophages in IPF were expressed as in con-
trols, whereas B7-2 and class II MHC expression were
suppressed in BOOP. If alveolar macrophages play a
major role in downregulating immune responses in the
lung and in immunological tolerance to inhaled antigens,
the downregulation of B7-2 and class II MHC molecules
may be the mechanism suppressing the immunological
reaction in BOOP. Since the sizes of specimens were
small, the number of bronchioles assessed in lung tissues
from patients with BOOP was smaller than that in IPF or
controls. The number of cases of BOOP we examined
was also small; further study is required to address this
speculation.

In summary, the aberrant coexpression of B7 and class II
major histocompatibility complex molecules in bronchio-
lar epithelial cells, and that of B7 molecules in alveolar
epithelial cells in idiopathic pulmonary fibrosis, were first
demonstrated. In bronchiolitis obliterans-organizing pneu-
monia, B7-1 was aberrantly expressed in lung epithelial
cells, whereas B7-2 and class II major histocompatibility
complex molecules were suppressed in macrophages. CD-
28 and CTLA4 immunoreactivity was detected in lympho-
cytes that had infiltrated lung tissues from patients with
idiopathic pulmonary fibrosis and bronchiolitis obliterans-
organizing pneumonia. In view of the known properties of
B7 and class II major histocompatibility complex mole-
cules, the aberrant expression and upregulation of these
molecules may activate T-cells to react against self anti-
gens on epithelial cells, which may lead to epithelial cell
damage and pulmonary fibrosis.
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