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The general law of transplantation which states that 
an allograft is only accepted provided that it does not 
express histocompatibility genes that are foreign to 
the recipierit was formulated over 60 years ago. The 
law was based on the results of experiments with 
tumour allografts, chiefly in mice. Subsequently, 
similar work on the fate of skin allografts did not 
disturb these early concepts. However, when trans
plantation was extended to vascularised organs, a 
number of exceptions to the general law have been 
revealed. For example, orthotopic liver transplants in 
many donor/recipient combinations known to differ 
at the major histocompatibility complex (MHC) may 
escape graft destruction.1,2 Although there are fewer, 
documented examples of the same phenomenon 
occurrin� with normal, incompatible kidneys, they 
do exist. ,4 There is also the case of orthotopic rat 
kidney allografts that have been 'parked' temporarily 
in a primary recipient, under immunosuppressive 
cover to prevent rejection, before being retrans
planted into an untreated second recipient, genoty
pically identical to the first recipient. Such kidneys 
lose the strong immunogenicity characteristic of 
normal kidney allografts and in many, but not all, 
donor/recipient combinations they are accepted by 
the second recipient, ultimately rendering them 
specifically tolerant.5 

Studies on this experimental model of a kidney 
allograft depleted of incompatible passenger leuco
cytes showed that the cell responsible for endowing a 
normal kidney with its characteristic, strong immu
nogenicity is the dendritic cell.6,7 To account for the 
variation in the fate of passenger cell depleted kidney 
allografts in different inbred strain combinations, it 
was proposed that there are two sets of T cells taking 
part in graft rejection. These two sets have different 
immunological specificity, are activated by different 
populations of antigen presenting cells, and have 
different destructive potency.6 
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The purpose of this paper is to develop this theme 
further, showing how it may help to explain two 
significant phenomena of transplantation biology. 
The first is the difference in vulnerability of different 
solid tissues to rejection, and the second is the 
change in vulnerability of a given organ allograft to 
rejection with increasing time after transplantation 

THE TWO PATHWAYS OF SENSITISATION TO 
MHC INCOMPATIBLE TISSUES: DIRECT AND 

INDIRECT 

CD4+ T lymphocytes of the graft recipient activated 
by the direct pathway are those cells that are 
triggered by class II MHC molecules expressed by 
allogeneic dendritic cells present in the graft. They 
are not self-MHC-restricted. Studies on mixed 
lymphocyte cultures (MLC) have shown that the 
sole cells responsible for primary stimulation in vitro 
are dendritic cells.8,9 On the other hand, T 
lymphocytes of the indirect pathway are those 
triggered by antigen presenting cells (APC) of 
recipient origin that have internalised molecules 
derived from the graft, processed them, and 
presented them as peptides bound to recipient class 
II MHC molecules. Thus T cells of the indirect 
pathway are self-MHC-restricted, and have different 
immunological specificity to cells of the direct 
pathway. 

An issue of considerable significance is that in non
sensitised recipients the frequencies of T cells of the 
two pathways are very different. Estimates of the 
number of T cells responding in MLC indicate that 
5-10% of the total pool of peripheral T cells undergo 
proliferation. It is thought that all of these are direct 
pathway T cells because removal of the allogeneic 
dendritic cells from the stimulating population 
renders the MLC non-reactive. In contrast, self
MHC-restricted T cells of any immunological 
specificity are not found in non-sensitised subjects, 
and can only be demonstrated after antigenic 
priming of the host. In consequence it is presumed 
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that T cells of the indirect pathway are at least 2 log 
orders of magnitude less frequent in non-sensitised 
sUbjects. Therefore, in non-sensitised individuals 
direct pathway T cells are expected to dominate 
early rejection. However, as a graft recipient 
becomes sensitised, there is no theoretical reason 
why indirect pathway T cells should not play an 
increasingly active part in mediating late damage to 
the allograft. 

Another difference that is predicted to distinguish 
T cells of the two pathways is their clonality. The 
high frequency of direct pathway cells can only be 
reconciled by the assumption that the population is 
very

' 
polyclonal. Indirect pathway cells, being self

MHC-restricted, are likely to be of more limited 
clonality since only a fraction of peptides derived 
from an allograft may bind to the recipient's class II 
MHC molecules. 

At the time that the above hypothesis was 
proposed, self-MHC-restricted T cells recognising 
peptides derived from allogeneic MHC molecules 
had not been demonstrated, nor had their possible 
role in graft rejection been investigated. This has now 
changed. Human, rat and mouse T cells with these 
properties have been generated in vitro, and there is 
evidence from Fabre's laboratorylO.ll and Carpen
ter'sl2 that they are involved in the rejection of rat 
organ and skin allografts, and provide 'help' to B cell 
clones that synthesise anti-MHC alloantibodies. 

In my own laboratory, studies on the functional 
role of T cells of the direct pathway in rat kidney 
allograft rejection have shown that these cells are 
remarkably potent in initiating rejection of normal 
allogeneic kidneys; however, they fail to cause 
rejection once the allogeneic, passenger dendritic 
cells have left the graft. 13 The reason for the failure 
of the direct pathway T cells to effect rejection of 
dendritic cell depleted kidneys is not because the 
target organ does not express rat class II MHC 
antigens. Immunohistological studies have demon
strated these antigens on graft tissue, and this has 
been confirmed in cell fluorimetric analyses of renal 
epithelial cells grown in vitro. The explanation 
appears to be that the direct pathway T cells are 
rendered immunologically anergic when confronted 
by non-dendritic cells expressing the relevant class II 
MHC molecules.14 Although this is merely a 
speculation, I suggest that the reason why anergy is 
induced is that the cells of the allograft expressing 
allogeneic class II polymorphisms fail to provide the 
co-stimulating signals required to activate the direct 
pathway T cells. 

Let us now consider how the concept of two 
different populations of T cells (direct and indirect 
pathway) offers a logical explanation for some of the 
previously enigmatic variations in behaviour of MHC 
incompatible allografts. 
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It is well known that the amount of immunosup
pression needed to prevent graft rejection changes 
with time after transplantation It is only to be 
expected that immediately after transplantation, the 
highly polyclonal, direct pathway T cell population 
would require an aggressive immunosuppressive 
regimen; however, as the allogeneic dendritic cells 
are lost from the graft, there would be a correspond
ing loss of activation stimulus for the direct pathway 
T cells, which would become anergic instead. In these 
circumstances, the fate of the graft would depend on 
the destructive potential of the expanding population 
of indirect pathway T cells. Since this population is 
likely to have been extremely small to start with in 
the previously non-sensitised recipient, lower doses 
of immunosuppressive drugs would be needed to 
prevent graft damage. 

Acute rejection occurring early after transplanta
tion differs in clinical and pathological features from 
chronic or late rejection. These differences could be 
well explained by attributing the early rejection 
episodes to direct pathway T cells and late/chronic 
rejection to the indirect pathway cells. 

Matching of donor and recipient for MHC 
polymorphisms would be expected to have different 
effects on the cells of the two pathways. Activation of 
direct pathway T cells would be expected to be 
minimised by matching for class II antigens. This 
would tend to prevent early graft rejection. On the 
other hand, matching for class II would provide 
circumstances which allowed self-MHC-restricted 
CD4+ T cells of the indirect pathway to interact 
with cells of the allograft, which may not be 
beneficial to the survival of the graft. It has already 
been demonstrated that donor/recipient matching for 
HLA-DR antigens is beneficial for the survival of 
kidney allografts during the first year after trans
plantation, but that the matching has little effect 
subsequently.14 

Variations in the vulnerability of a tissue to 
allograft rejection would be expected to depend, 
amongst other factors, on the number and properties 
of the passenger dendritic cells found in that tissue. 
Tissues lacking these cells would fail to trigger the 
direct pathway T cells, and whether rejection 
occurred would depend on the indirect pathway. 
This presumably is one of the reasons why corneal 
grafts of 8 mm diameter and less are rarely rejected 
in non-vascularised graft beds. 

OPERATIONAL TOLERANCE 

One further matter of great importance is the 
induction of immunological non-responsiveness in 
the direct and indirect T cell populations. There is no 
reason to expect that the mechanisms of non
responsiveness would be the same for T cells of 
both pathways. The evidence from my own labora-
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tory indicates that T cells of the direct pathway are 
rendered anergic because they are confronted by 
allo-class II molecules on graft cells, unable to 
provide all the co-stimulatory signals necessary for 
activation. However, the position is entirely different 
for the indirect pathway. In this case, professional 
APC of the recipient are in abundance, and can 
continue indefinitely to present peptides derived 
from the allograft. There is therefore no likelihood 
that indirect pathway T cells would become aner
gised. It is interesting that in all the examples of the 
successful adoptive transfer of suppressor cells, the 
experimental conditions are such that the suppres
sive action is effected on T cells likely to be of the 
indirect pathway. I conclude that the phenomenon of 
suppressor cells, whatever its molecular basis, is 
confined to down-regulating indirect pathway (self
MHC-restricted) T cells. 

CONCLUSIONS 

I offer a modern version of the laws of transplanta
tion: 

1. In previously non-immunised recipients, the high 
frequencies of T cells capable of responding (by 
the direct pathway of sensitisation) to MHC 
incompatible dendritic cells results in these T 
cells becoming the dominant population mediat
ing acute allograft rejection, provided that 
significant numbers of allogeneic dendritic cells 
are present in the target tissue. 

2. Once the passenger ( allogeneic) dendritic cells 
migrate out of the allograft, direct pathway T cells 
entering the graft are rendered anergic, presum
ably because their antigen receptor binds to 
alloantigen but no 'second signal' is provided. 
This is a major factor in the development of 
operational tolerance or near tolerance to organ 
allografts. 

3. Chronic or late rejection has different clinical and 
pathological features to early, acute rejection, and 
it is predicted that the dominant T cells participat
ing in this form of rejection are those sensitised by 
the indirect pathway. (An urgent task facing 
transplantation immunologists is to devise suit
able methods for identifying and measuring the 
numbers of these cells.) 

4. Matching the MHC type of donor to recipient 
would only be expected to improve graft survival 
in those circumstances where graft destruction is 
mediated by T cells of the direct pathway. We 
have yet to determine the rules governing 
differences in the responsiveness of self-MHC
restricted T cells sensitised by the indirect path
way to peptides derived from allogeneic tissues. 
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5. The well-known variation in susceptibility of 
different tissues and organs to rejection is 
predicted to be due to the target tissue's content 
of indigenous, allogeneic dendritic cells; this is the 
most influential factor that determines the 
contribution made by T cells of the direct 
pathway to the rejection response. 
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