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Abstract

Interactions between recipient T cells and donor endothelial graft cells may be an important 

mechanism for both acute and chronic rejection of vascularized allografts. This finding provides a 

starting point for investigations to develop novel ways of inducing long-lasting immunologic 

tolerance to donor antigens.

The ultimate goal in clinical transplantation is to induce a state of donor-specific 

immunologic tolerance, where recipients can accept organs, tissues or cell grafts without the 

need of exogenous immunosuppression1. But to achieve this goal, we must first understand 

the exact cellular and molecular mechanisms of both acute and chronic graft rejection. In 

this issue, Kreisel et al. 2 highlight a potentially critical role of CD8+ T cell–endothelial cell 

interactions in mediating graft rejection. The study raises the important question: Where do 

T cells meet transplant antigens in the context of planning and initiating the alloimmune 

response that ultimately results in graft destruction?

Transplantation is the treatment of choice for end-stage failure of organs such as kidney, 

heart, lung, liver and pancreas. In the absence of exogenous immunosuppressive drugs, 

transplanted organs are almost invariably rejected. Even with potent immunosuppressive 

drugs, a significant proportion of transplanted organs undergo acute rejection (although the 

number has been declining with use of newer immunosuppressive strategies). However, the 

main problem in clinical transplantation, aside from organ shortage, has been the occurrence 

of slow, progressive organ dysfunction resulting in chronic attrition of grafts over time—a 

process often referred to as chronic rejection3.

T cells are essential for both acute and chronic graft rejection3,4. The first step in an 

alloimmune response is a ‘rendezvous’ between T cells and transplant antigens where 

allorecognition occurs. There are two distinct though not necessarily mutually exclusive 

pathways of allorecognition3 (Fig. 1a). First, T cells can recognize intact major 

histocompatibility complex molecules on donor cells; this is, the ‘direct’ allorecognition 

pathway. T cells can also recognize processed alloantigens in the form of peptides presented 

by the recipient’s antigen-presenting cells. This ‘indirect’ pathway of allorecognition is 
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analogous to that of physiologic antigen recognition. Indirect allorecognition has been 

shown to have a role in acute rejection5, but it also has been postulated to play a crucial part 

in the development and progression of chronic allograft rejection6.

Endothelial cells of donor origin are uniquely located at the interface between the recipient’s 

blood and the allograft, and they have been implicated in graft rejection7. Endothelial cells 

may promote indirect allorecognition by a crosstalk mechanism, which involves the 

recruitment and transformation of recipient monocytes by endothelial cells into highly 

efficient antigen-presenting dendritic cells8,9. These dendritic cells may recirculate to 

peripheral lymphoid organs for maturation and, in turn, present alloantigen via the indirect 

pathway to memory T cells in the periphery or in the transplanted tissue (Fig. 1b).

Graft endothelial cells also express major histocompatibility complex class I and II 

molecules and have been long suspected to directly stimulate T cells, although in vivo 

evidence was lacking until now. Graft endothelial cells can induce proliferation of, and 

cytokine production by, allogeneic T cells in vitro10, and induce and regulate cytolytic T-

cell differentiation11. The data suggest that graft endothelial cells could promote direct 

allorecognition by either serving as antigen-presenting cells and/or as targets for T cell–

mediated cytotoxicity.

To address this question, Kreisel et al. used an elegant transgenic animal model system to 

make two important and novel observations. First, CD8+ T cells can recognize alloantigen 

on graft endothelial cells in vivo. Second, T cell–endothelial cell interactions, presumably 

via direct allorecognition, can result in allograft rejection even in the absence of CD4+ T-cell 

help and professional hematopoietic antigen-presenting cells.

On the surface, the latter finding appears to challenge the observations of Lakkis et al.12. 

They showed that peripheral lymphoid organs are required for allograft rejection, which 

implies that unprimed T cells must encounter antigens first outside the graft, in the guise of 

donor antigen-presenting cells that have migrated to host lymph nodes or processed 

allopeptides presented by self-antigen presenting cells. However, it is also possible that T 

cells, after recognizing antigens on graft endothelium, migrate to peripheral lymphoid 

organs for further maturation and differentiation before they are recruited back to the graft to 

effect tissue destruction.

Thus, taking the current study and earlier findings together, one can envision that graft 

endothelial cells that are present for the lifetime of the organ can be important players in 

promoting both direct and indirect allorecognition leading to acute and/or chronic rejection 

(Fig. 1b).

The unique property of graft endothelial cells to promote direct allorecognition may be 

critical for activation of alloreactive CD8+ T cells, especially in situations where CD4+ T-

cell activation has been inhibited, such as with T-cell costimulatory blockade13. What is 

unknown, however, is whether endothelial cells in vivo function to present antigen and 

activate CD8+ T cells that in turn kill graft cells, whether they merely serve as targets for 

CD8+ T cell–mediated cytotoxicity, or both.
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Several other questions remain to be answered. First, what is the physiologic relevance of 

the reported observations in normal non-transgenic animals and ultimately humans? Second, 

are there unique T-cell costimulatory pathways that provide second signals to T cells 

activated by endothelial cells14? Third, what is the relative contribution of this unique 

allorecognition mechanism to acute and chronic rejection? Fourth, how can these data be 

reconciled with the observations of Lechler’s group suggesting that activated endothelial 

cells can in fact tolerize T cells activated via the direct pathway of allorecognition15,16? And 

are these differences related to the tissue source of endothelial cells? Finally, what is the role 

of this unique allorecognition mechanism in resistance to tolerance? These clinically 

relevant questions require further investigation.

The hope is that the results of these investigations will give rise to the development of novel 

and reproducible strategies to induce donor-specific immunologic tolerance that can be 

translated effectively from rodent models to primates and ultimately humans1.
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Fig. 1. 
Allorecognition pathways and graft rejection. a, Pathways of allorecognition. In the ‘direct’ 

pathway, T cells recognize intact major histocompatibility molecules on donor antigen-

presenting cells (left). In the ‘indirect’ pathway, T cells recognize processed alloantigen in 

the form of peptides presented by recipient antigen-presenting cells (right). b, Interactions 

among endothelial cells, T cells and recipient antigen-presenting cells in allograft rejection. 

Recipient monocytes are recruited by endothelial cells to the graft tissue. They are also 

transformed to become highly efficient antigen-presenting dendritic cells that may need to 
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recirculate to peripheral lymphoid organs for maturation. The dendritic cells and intragraft 

macrophages present donor peptides via the indirect pathway to recruited CD4+ T cells. 

CD8+ T cells, on the other hand, are activated by donor endothelial cells and can either 

directly kill endothelial cells or traverse the endothelium and kill parenchymal graft cells.
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