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Abstract

Objectives—The mechanisms and treatment of chronic rejection in pulmonary allotransplantation
remain elusive. We have induced robust tolerance to class I-disparate lung allografts in miniature
swine using an intensive 12-day course of tacrolimus. Here, we test whether a tolerant state can be
induced in swine receiving fully mismatched lung allografts.

Methods—Orthotopic left lung allografts were performed using MHC class I-disparate (Group 1:
n = 3) or fully disparate (Group 2: n = 6) donors. The recipients received a 12-day post-operative
course of tacrolimus (continuous 1V infusion; target level = 35-50 ng/ml) as their only
immunosuppression.

Results—All swine in Group 1 maintained their grafts long term without developing any lesions
of chronic rejection (> 497, > 432, and > 451 days). These recipients exhibited donor-specific
hyporesponsiveness in cell-mediated lymphocytotoxity (CML) and mixed lymphocyte reaction
(MLR) assays. In Group 2, 5 of the 6 recipients maintained their grafts long term (sacrificed on PODs
515, 389, 429, 481, and 438 with viable grafts). Isolated lesions of obliterative bronchiolitis (OB)
were occasionally seen on biopsy, and donor-specific hyporesponsiveness on MLR and CML assays
was consistently observed. The remaining recipient rejected its graft on POD 103 with histologic
findings of OB.

Conclusions—We now report long-term graft acceptance without chronic immunosuppression in
5 of 6 recipients across a full MHC disparity, albeit with some evidence of OB. These data suggest
that the class Il disparity inherent in a fully mismatched transplant increases the requirement for
tolerance induction.
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INTRODUCTION

As a result of advances in surgical techniques, immunosuppression, and postoperative
management, lung transplantation has become an established therapeutic option for individuals
with end-stage lung disease. The current 1-year actuarial survival rate following lung
transplantation is approximately 75% (1). However, chronic lung allograft rejection,
manifested principally by the histopathologic changes of obliterative bronchiolitis (OB), has
limited the long-term success of lung transplantation. Almost 50% of lung transplant recipients
develop OB within 5 years of transplantation, and OB is currently the leading cause of graft
loss and mortality after the first post-transplant year (1). The pathologic features of OB include
scar formation and fibrosis in the small airways. However, the mechanisms and treatment of
chronic rejection in pulmonary allotransplantation remain elusive. Using a strategy developed
in our laboratory to induce tolerance across strong allogeneic barriers (2), we have previously
induced robust tolerance to class I-disparate lung allografts in miniature swine with an intensive
12-day course of tacrolimus (3). Here, we test whether a tolerant state can be induced in swine
receiving fully mismatched lung allografts.

MATERIALS AND METHODS

Animals

Transplant donors and recipients were selected from our herd of partially inbred miniature
swine at 3—15 months of age. These swine have been inbred to homozygosity at the class | and
class Il MHC loci, as described previously (4). At present, three homozygous haplotypes are
available for study. In addition, a number of intra-MHC recombinant haplotypes (derived from
spontaneous recombination events) are also available (4;5). All animal care and procedures
were in compliance with the “Principles of Animal Care” formulated by the National Society
for Medical Research and the “Guide for the Care and Use of Laboratory Animals” prepared
by the Institute of Laboratory Animal Resources and published by the National Institutes of
Health (revised 1996).

Experimental Design

Eighteen swine were used in this study to conduct 9 orthotopic left lung allografts. 3 recipients
received MHC class I-disparate lung allografts (Group 1) and 6 recipients received fully
disparate lung allografts (Group 2), with a 12-day post-operative course of tacrolimus
(continuous 1V infusion; target level = 35-50 ng/ml), as their only immunosuppression.

Orthotopic Lung Transplantation

Orthotopic left lung transplantation was performed as previously described (6). Briefly, under
general anesthesia, the recipient’s chest was entered through a left thoracotomy, and the hilar
structures of the native lung were isolated. After heparinization (300 U/kg), the native lung
was removed. The donor lung was approached through a median sternotomy. After
heparinization (300 U/kg), the heart-lung block was topically cooled with iced saline and
flushed in situ with 4 liters of cold Euro-Collins solution (Fresenius Medical Care AG, Bad
Homburg, Germany) containing prostaglandin E; (500 pg/L). Immediately after harvesting,
the left lung was surgically prepared and transplanted.

Evaluation of Grafts

In all experiments, lung allografts were monitored for rejection by a combination of chest
radiography and serial open lung biopsy. The presence of high-grade histologic rejection and/
or the loss of graft aeration, compliance, or perfusion were the principal study endpoints.
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Immunologic status was evaluated by assays of cell-mediated lympholysis (CML) and the
mixed lymphocyte reaction (MLR).

RESULTS

All swine in Group 1 maintained their grafts long term without developing any lesions of
chronic rejection (> 497, > 432, and > 451 days). These recipients exhibited donor-specific
hyporesponsiveness in cell-mediated lymphocytotoxity (CML) and mixed lymphocyte
reaction (MLR) assays. In Group 2, 5 of the 6 recipients maintained their grafts long term
(sacrificed on POD 515, 389, 429, 481, and 438 with viable grafts) (Fig. 1). Isolated lesions
of obliterative bronchiolitis (OB) were occasionally seen on biopsy, and donor-specific
hyporesponsiveness on MLR and CML assays was consistently observed. The remaining
recipient rejected its graft on POD 103 with histologic findings of OB. In this animal, CML
and MLR responses were seen on the day of rejection.

CONCLUSIONS

Pulmonary allograft tolerance has been consistently achieved across a class I-MHC barrier in
this model. We now report long-term graft acceptance without chronic immunosuppression in
5 of 6 recipients across a full-MHC disparity, albeit with some evidence of OB. These data
suggest that the class Il disparity inherent in a fully mismatched transplant increases the
requirement for tolerance induction. It is thus possible that peripheral mechanisms alone will
be insufficient to permit the development of tolerance across some fully allogeneic barriers.
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Figure 1.

Histological findings of fully mismatched lung allograft (Recipient #15515; POD 347) Mild
acute cellular rejection consistent with ISHLT grade 2/4 acute rejection was seen (Figure 1a.
H&E stain, x100). No chronic rejection was observed (Figure 1b. Trichrome stain, x200).
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