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A pig allograft model of antibody-mediated rejection
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Allograft rejection caused by antibodies in sensitised individuals remains a real problem in human
allotransplantation. There would be value in a simple model of this process to evaluate the mechanisms
involved in antibody-mediated damage and the development of accommodation, as well as the impact of
potential interventions. We have thus developed a novel large animal model of this process using an
allosensitisation system. Two inbred lines of miniature pigs that carry different major histocompatibility
antigen haplotypes were used. Pigs of one line were sensitised by the sequential subcutaneous injection of
major histocompatibility antigen-mismatched allogeneic peripheral blood mononuclear cells derived from
the other inbred line. We demonstrated that this generated high titres of allospecific antibodies. We then
transplanted carotid arteries from donors syngeneic to the priming cells into the sensitised animals. After
48 h these vessels showed a profound mononuclear cell inflammatory infiltrate in both intima and media,
fibrin deposition, and luminal compromise with thrombus and antibody deposition. The mean endothelial
surface affected by this process was 59.2%. No such pathology was seen in any of the controls. This model is
technically simple to perform with few post-operative complications. It provides proof-of-principle of a
model of antibody-mediated rejection which will be of potential value in elucidating the mechanisms
underlying the process and the efficacy of interventions to prevent or treat it.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Pre-formed antibodies are a significant issue in allotransplantation,
when the transplantation of sensitised recipients with pre-formedHLA-
specific antibodies is being considered. In such situations, attempts to
remove antibodies in advance of and following transplantation,
combined with strategies to suppress further production of anti-HLA
antibodies have met with some success [1–3]. However, the outcome in
these situations is still inferior to transplantation in the non-sensitised
recipient and the parameters that determine success have not beenwell
defined. The situation is further complicated by the observation that, in
some situations, the return of antibodies following transplantation does
not cause the expected damage, because the graft has in some way
adapted itself to be less susceptible to antibody-mediated damage, a
process called “accommodation” [4,5]. In addition, new, highly sensitive
techniques are now available that can identify the presence of low,
previously undetected levels of antibodies [6,7]. Hence, there are several

variables that need to be teased out to understand the mechanisms
underlying thesephenomena. It is likely that theywill onlybeelucidated
using an appropriate animal model. Rodent models of vascular
transplantation have been described, sometimes demonstrating the
role of antibodies in transplant vasculopathy, but are technically difficult
[8–10]. That is why we have developed a large animal model.

2. Objective

In this study,we sought to prove theprinciple that itwould be possible
to study antibody-mediated allograft damage using a technically easy,
large artery model in the pig. To do this we have studied a system with
high levels of pre-formed allospecific antibodies. Having proved this
principle, we believe this model will be useful to study the importance of
different levels of antibodies, different timing of induction (before and
after transplantation) and themechanisms underlying different outcomes
(rejection and accommodation).

3. Materials and methods

3.1. Animals

Inbred lines of minipigs (c/c and d/d SLA (swine leucocyte
antigen) phenotypes) [11] (kind gift of Dr David Sachs) were used. c/c
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animals were used as recipients of vessels (or untransplanted
controls) and both c/c and d/d animals as vessel donors. All were
greater than 20 kg at use. All procedures were performed in

accordance with the Animals (Scientific Procedures) Act 1986, after
satisfying the internal ethical review process of Imperial College
London.

Fig. 1. Porcine carotid artery transplantation. The carotid artery was exposed (A) and a section excised (B). Another section of artery was transplanted with two end-to-end
anastomoses (C) and the animal was allowed towake up. Forty-eight hours later the vessel was exposed (D) and excised. Further details of the surgical methods involved are provided
in Materials and methods.

Fig. 2. Generation of SLAd-allospecific antibodies in SLAc pigs. SLAc pigs were sensitised with weekly injections of SLAd cells (days 0, 7, 14 and 21) or not (controls). On regular
occasions, blood was drawn and neat serum mixed with either SLAd (dd) (solid line) or control SLAc (cc) (broken line) cells and FITC-conjugated goat anti-pig IgG added.
(A) Allospecific antibody is detectable by day 16. (B) High titres are observed after four weeks. In these flow cytograms, signal from SLAd cells are shown in outline and from control
SLAc cells in solid graphs. This represents a representative example of four pigs.
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