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Abstract To ascertain the cause of
pleural fibrosis in lung allografts,
pleural changes were investigated in
rat syngeneic and allogeneic lung
grafts. The pleura of lung syngeneic
grafts showed no pathological
changes except for mild edema on
the first day after transplantation.
In lung allografts, recipient cells
migrated into the subpleural tissue
early after transplantation (latent
phase). In the vascuar phase,
recipient lymphocytes in the sub-
pleural tissue increased in number,
while almost all alveolar structures

numbers with macrophages. The
subsets of infiltrating cells were
similar to those of the perivascular
and peribronchial areas. In the late
vascular or alveolar phase, fibro-
blasts were observed among the
infiltrating cells, and fibrotic
changes started. In the destructive
phase, collagen formation with
marked pleural thickening was
dominant. Pulmonary acute rejec-
tion should be treated at least up
to the late vascular phase to pre-
vent pleural fibrosis.
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Introduction

Pleural fibrosis has been reported to be one of the late
complications after lung transplantation [1]. Although it
might be a sequel of operative maneuvers or of the
rejection process, the etiology of the pleural changes in
lung allografts is still unknown. To ascertain the cause,
the pleural changes (i. e., infiltration and fibrotic changes)
of lung allografts were investigated histologically and
immunohistologically in a rat lung transplantation
model. Pleural changes during acute rejection have not
been described in details [2]. To treat pulmonary rejection
without pleural changes such as fibrosis, the pleural event
of the lung allografts at different stages of acute rejection
should be known.

Materials and methods

Male inbred Lewis rats (LEW, haplotype: RT1') and brown
Norway rats (BN, haplotype: RT1") were obtained from Charles
River Japan. They were separately housed under specific pathogen-
free conditions in the animal center of Tokushima University. The
left lung was transplanted into the left hemithorax of the recipient
orthotopically according to the improved technique [3] of Marck.
Lung allotransplantation was performed from BN to class I and 11
fully mismatched LEW (#=20). No immunosuppressive agents
were given (o the recipients. As a control for the changes by operative
mdneuvers, we used syngeneic lung grafts from BN to BN (n=35).

As lung allografts were constantly rejected within 7days without
immunosuppression, the recipient rats were killed on days 1-6 after
transplantation. The lung allografts were divided into four groups,
i.e., latent, vascular, alveolar, and destructive phases, according to
Prop’s classification (n =3, 10, 4, 3, respectively) [4].

Infiltrating cells into the pleura were studied histologically and
immunohistologically. Subsets of infiltrating lymphocytes and
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macrophages were identified by immunohistological using a panel of
monoclonal antibodies (H1819; recipient type class Il antigens,
W3/25 and ER2; CD4, OX8; CD8, ED1 and BD2; macrophages).
For the assessment of fibrotic changes of the pleura, the infiltration
of fibroblasts and presence of collagen fibers were examined.

Results

The pleura of syngeneic lung grafts showed no patholog-
ical changes except for mild edema on the first day after
transplantation. Mild edema was also observed in the
peribronchial and perivascular area. As the edema was
reduced or disappeared at 3 days after transplantation,
the cause was postulated to be a reimplantation respornse.

Recipient cells started to migrate into the subpleural
tissue of lung allografts early after transplantation. A
single layer of recipient-type class II antigen-bearing cells
was identified in the pleura even at the latent phase. In the
vascular phase, recipient lymphocytes in the subpleural
tissue increased in number, though almost all alveolar
structures were free from infiltration. The pleura of the
lung allografts was thickened because of infiltration. The
subsets of the lymphocytes included CD-4-positive and
CD8-positive cells in almost equal numbers. Both ED 1-
positive and ED2-positive macrophages also infiltrated
the area at the early vascular phase. The severity of
infiltration and subsets of infiltrating cells were similar to
those in the perivascular and peribronchial areas. In the
late vascular phase, elongated fibroblasts were identified
scattered in the subpleural tissue, and fibrotic changes
started. At the alveolar phase, fibroblasts increased in
number, and collagen fibers were identified by Azan
stain. In the destructive phase, collagen formation with
marked pleural thickening was dominant.

Discussion

In the present study, we have demonstrated that the
pleura of lung allografts are involved by acute rejection
earlier than the alveolar structures after transplantation.
Not much attention has been paid to the pieural changes

compared with the changes in the airways and venules,
though pleural fibrosis has been reported as one of the
late complications after lung transplantation [1].

Surgical interruption of lymph vessels and bronchial
arteries does not cause subpleural infiltration and fibrosis
but only mild edema as a reimplantation response. Our
observation in long-term surviving syngeneic lung grafts
disclosed an intact pleura in a previous study [5]. The
pleura of long-term surviving lung allografts showed mild
fibrosis (unpublished data), indicating that pleural fi-
brosis could be caused by rejection.

Pleural thickening may reduce the lung compliance,
resulting in a low vital capacity of lung grafts. Therefore,
a rejection episode should be managed at an earlier stage
of acute rejection. In the present study, we found that
infiltration in the pleura started soon after transplanta-
tion. Effector cells, i.e., cytotoxic T cells and macro-
phages, were observed at the vascular phase, and fi-
broblasts infiltrated at a later stage of the vascular phase.
Cytokines such as IL-1 produced by activated macro-
phages stimulate fibroblasts to form collagen [6]. Fibrotic
changes became dominant and progressed aggressively
from the alveolar phase.

The reversibility of the pleural changes at acute
rejection is important. In a rat lung transplantation
model, lung allografts from BN to LEW showed vascular
phase rejection at 3 days after transplantation. A single
dose of cyclosporine could reverse rejection when admin-
istered on day 3 after transplantation [7], so the pleural
damage could be prevented if treated when the infiltration
in the pleura was mild.

The severity of infiltration in the pleura was correlated
to that in the peribronchial or perivascular area. Thus, we
could assume concurrent infiltration of the pleura when

peribronchial or perivascular infiltrates were observed

with transbronchial lung biopsy. We shouid treat rejec-
tion at least up to the late vascular phase to prevent severe
pleural damage. Inadequate immunosuppression or re-
peated rejection episodes could causesleural changes and
lead to functional deterioration of lung allografts because
of decreased compliance.
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