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Abstract
Background—Considerable evidence suggests that indirect recognition of MHC allopeptides plays
an important role in solid-organ rejection. Here, we examine whether immunization with class I or
class II allopeptides accelerates rejection in a fully MHC-mismatched lung transplant model in
miniature swine.

Methods—Recipients were immunized with either donor-derived class I or class II peptides.
Sensitization to the peptides was confirmed by DTH testing and in vitro proliferation assays. Non-
immunized control (n=6), class I peptide-immunized (n=3) and class II peptide-immunized (n=3)
swine were transplanted with fully mismatched lungs using only a 12-day course of tacrolimus.

Results—One control animal rejected its graft on POD 103, while the others maintained their grafts
over one year. In the class I peptide-immunized group, two recipients rejected their grafts (POD 14
and 52). The third animal has not rejected the graft (POD120, experiment is ongoing). In contrast,
in the class II-peptide immunized group, only one animal rejected its graft on POD52, while the
others maintained their grafts over one year. Both anti-donor IgM and IgG antibodies were detectable
in all acute rejectors, although no alloantibody was detectable in long-term acceptors. Regardless of
the fate of the graft, all animals have maintained their proliferative responses to the peptides.
However, only acceptors maintained donor-specific hyporesponsiveness in cell-mediated
lymphocytotoxity and mixed lymphocyte reaction assays.

Conclusions—Pre-transplant sensitization of lung allograft recipients to donor allopeptides
accelerates graft rejection. This appears particularly true for class I-derived allopeptides, suggesting
that class II molecules may be less antigenic when presented indirectly.
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INTRODUCTION
It is generally accepted that there are two distinct pathways of allorecognition. In the direct
pathway, T cells recognize intact allogeneic MHC molecules on the surface of donor antigen
presenting cells. In the indirect pathway, T cells recognize processed alloantigen as peptides
presented in the context of self MHC molecules. Large animal studies from our laboratory have
shown that immunization with donor-derived class I allopeptide can accelerate the rejection
of a graft in a cyclosporine-based class I mismatched heart2 or lung3 transplant rejection model.
In this study, we examine the effect of allopeptide immunization in a tacrolimus-based, fully
MHC-mismatched lung allograft model that is typically resistant to rejection.

MATERIALS AND METHODS
Three MHC class I allopeptides derived from the hypervariable regions of the swine leukocyte
antigen (SLA) class Ic P14 α1 helix, and seven MHC class IIc allopeptides derived from the
polymorphic β-1 domains of the SLA class IIc DR and DQ loci were synthesized. SLAdd swine
were immunized with either the mixture of PC14 class I peptides or the mixture of DR and DQ
class II peptides 21 days before transplantation. Sensitization to these peptides was confirmed
by in vivo DTH testing and in vitro proliferation assays as previously described2. Transplant
donors and recipients were selected from our herd of partially inbred miniature swine at 5–9
months of age. Non-immunized control swine (n=6), class I peptide-immunized swine (n=3)
and class II peptide-immunized swine (n=3) were transplanted with two-haplotype fully MHC-
mismatched orthotopic left lungs, and then treated with a 12-day course of tacrolimus
(Fujisawa, Deerfield, IL. 0.15 mg/kg/day, as a continuous IV infusion; target level = 35 to 50
ng/ml). Orthotopic left lung transplantation was performed as previously described5. Lung
allografts were monitored by physical examination, serial chest radiography and open lung
biopsies. Graft loss (our principal endpoint) is defined as high-grade histologic rejection in
association with loss of graft aeration as observed on chest radiograph, and/or loss of graft
perfusion or compliance as observed intra-operatively at the time of open lung biopsy.
Reactivity to the peptides was tested by in vitro proliferation assays and immune responses to
donor cells were monitored with cell-mediated lympholysis (CML) and mixed lymphocyte
reaction (MLR). Sera from animals were tested for the presence of anti-donor IgM and IgG
antibodies by indirect flow cytometry.

RESULTS
Fourteen days after immunization, all swine showed reactivity to at least one of the donor-
derived peptides by DTH testing, with some peptides being more immunogenic than others
(Table. 1) Also, in vitro proliferative responses confirmed the presence of T cell reactivity to
either class I or class II peptides, as appropriate. In the non-immunized control group, one
animal rejected its graft on POD 103, while the other five recipients maintained their grafts
over one year. In the class I peptide-immunized animals, two recipients rejected their grafts in
14 and 52 days in an accelerated fashion (Fig. 1), as compared to controls. The third animal
has not rejected the graft (POD120, experiment is ongoing). In contrast, in the class II-peptide
immunized animals, only one animal rejected its graft on POD52, while the other two recipients
maintained their grafts over one year as same as the control animals. All rejectors had anti-
donor IgM and IgG by the time of rejection. The class I-immunized recipient that still maintains
its graft showed transient production of anti-donor IgM, but has never developed anti-donor
IgG alloantibodies. In the control and class II immunized acute rejectors, anti-donor IgM and
IgG antibodies were also detectable; however, no alloantibody was detectable among the long-
term acceptors. Regardless of the fate of the graft, all animals have maintained their in vitro
proliferative responses to the peptides. However, only acceptors maintained donor-specific
hyporesponsiveness in CML and MLR assays.
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CONCLUSIONS
This study was undertaken to establish the role of indirect allorecognition in a clinically relevant
model of orthotopic lung transplantation. Our study demonstrates that pre-transplant
sensitization of lung allograft recipients to donor-derived peptides accelerates graft rejection.
This effect seems to be more pronounced following immunization with class I allopeptides,
than with class II peptides. These data suggest that class II molecules may be less antigenic
when presented indirectly. The maintenance of donor-specific cellular hyporesponsiveness
among the long-term acceptors (in some cases despite sensitization to relevant allopeptides)
implies that our 12-day treatment with high-dose tacrolimus has induced a state of strong
immune regulation that is able to protect these fully mismatched grafts in the absence of further
immunosuppression. Further studies are needed to characterize this putative regulatory effect.
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Figure 1.
Histological findings of lung allograft from class I peptide-immunized, fully mismatched lung
recipient on POD 14; severe mononuclear cell infiltration with necrosis and hemorrhage
consistent with ISHLT grade 4/4 acute rejection (H&E staining, × 100).
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Table 1
In vivo DTH response in pigs immunized with donor-derived class Ic or IIc peptides

(A) mm of induration in animals immunized with class Ic peptides

animal PC14-1 PC14-2 PC14-3 MTB RT1Du

16617 9 5 17 12 0
16788 3 6 19 18 0
16955 0 0 17 14 0

(B) mm of induration in animals immunized with class IIc peptides

animal DR1 DR2 DR3 DQ2 DQ3 DQ4 DQ5 MTB RT1Du

16284 14 9 13 11 13 0 11 18 0
16486 12 7 10 5 8 0 5 15 0
16638 16 0 12 11 13 0 13 27 0

positive response: >10 mm

MTB : Mycobacterium tuberculosis H37 RA (positive control)

RT1Du: xenogeneic rat class II peptide (negative control)
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