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EDITORIAL REVIEW

New approaches to inducing the death of alloreactive lymphocytes
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Apoptosis is a highly regulated pathway of cell death that is
critically important in development, homeostasis and some
disease processes. Recent data from our laboratory and others
suggest that apoptosis may have a dual role after transplantation,
one of graft destruction during rejection and a beneficial role
involving the deletion of alloreactive lymphocytes. In fact, there is
an increasing body of evidence to suggest that apoptosis is
essential to the induction of tolerance to an allograft. Transplanta-
tion of murine liver grafts results in tolerance, yet even in the
absence of rejection the liver grafts are rapidly infiltrated by T
cells of recipient origin [1]. Furthermore, a significant proportion
of the graft-infiltrating cells in tolerant grafts are apoptotic in
contrast to the infiltrating cells detected in liver isografts or
allografts induced to undergo rejection by administration of IL-2.
Follow-up studies indicate that IL-12 antagonism suppresses
rejection by restoring apoptosis of the peripheral alloreactive T
cell population [2]. Similarly in rat models of liver and liver/small
bowel transplantation, tolerance is associated with apoptosis in the
lymphocyte infiltrate [3]. Administration of donor leucocytes
induces long-term acceptance of MHC mismatched rat liver or
kidney transplants. In these models there was increased expression
of IL-2 and evidence for apoptosis of recipient T cells within the
graft [4].

In this issue Carroll and colleagues describes a novel way of
enhancing apoptosis of activated lymphocytes which may prove
useful in inducing allograft tolerance [5]. They demonstrate that
the staurosporine analogues Bisindolylmaleimide (Bis) III and
VIII increase the sensitivity of anti-CD3 activated T cells to Fas-
mediated apoptosis (Fig. 1a). Importantly they further demon-
strate that resting lymphocytes are refractory to this treatment.
Further studies using animal models are necessary to address
whether Bis can specifically induce apoptosis of graft-reactive T
cells. It should be noted that Bis VIII did prevent the development
of autoimmune symptoms in rodent models of experimental
allergic encephalitis and adjuvant arthritis [6].

The best studied apoptotic pathway involves the interaction of
the TNF receptor superfamily member Fas with its ligand (FasL)
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[7,8]. Fas/FasL interactions are important in T cell mediated cell
death and constitutes a key peripheral immunoregulatory
mechanism that limits the expansion of antigen-activated T cells.

FasL is expressed on some immune-privileged tissue, includ-
ing the anterior chamber of the eye and testis [9,10], and thus has
prompted speculation that the power of the Fas pathway could be
harnessed to promote the deletion of alloreactive cells. Clearly the
transplantation of allogeneic corneas is clinically successful.
Similarly, in experimental models the transplantation of allo-
geneic FasL-expressing Sertoli cells of the testes are tolerated
while testes from allogeneic, FasL-deficient gld mice, are
promptly rejected [9]. Co-transplantation of allogeneic islets with
allogeneic testicular cells prolonged graft survival in a rat model
[11]. These studies suggest that FasL. expression on target tissue
could induce apoptosis of invading lymphocytes and therefore
protect from an immune attack (Fig. 1b). Similarly, genetically
engineered, FasL™ myoblasts were shown to prolong allograft
survival when cotransplanted with allogeneic islets [12]. Pro-
longed graft survival was observed in rat recipients of allogeneic
kidney perfused with murine FasL-expressing adenovirus [13].
There was prolonged liver allograft survival in rats that received
allogeneic FasL-transfected livers. Thus in several models FasL-
expressing cells can induce apoptosis of locally encountered
effector T cells. Furthermore, recent data suggest that genetically
engineered expression of FasL on cells could control the human T
cell response towards allogeneic tissue [14].

However, expression of FasL to specifically delete alloreac-
tive cells is likely not to achieve the ‘holy grail’ of tolerance as
there are numerous reports indicating that elevated FasL
expression results in graft damage and rejection. When transgenic
mice which express FasL in the islet  cells were transplanted into
mice the allogeneic FasL-expressing grafts developed a granulo-
cytic infiltrate and were rejected [15]. Similarly, islet cells
transduced in wvitro with an adenoviral vector expressing FasL
were rapidly infiltrated by neutrophils and underwent accelerated
rejection [16]. Accelerated rejection of heart grafts was also
observed when hearts from FasL-transgenic mice were trans-
planted into syngeneic or allogeneic mice [17]. Taken together,
these studies suggest that local over-expression of FasL. may in
fact promote neutrophil accumulation and rejection. Although the
precise mechanism leading to the granulocytic infiltration has yet
to be elucidated, it is possible that FasL is a chemoattractant for
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Fig. 1. Approaches to eliminating graft reactive lymphocytes. a, The staurosporine analogues Bis III and VIII increase the sensitivity of
activated T cells to caspase-dependent Fas-mediated apoptosis. b, Elimination of alloreactive lymphocytes via Fas-mediated cell death. Graft
cells or activated T cells, which either naturally express FasL or are genetically engineered to express FasL, can engage Fas on alloreactive T

cells and trigger caspase-dependent apoptosis.

neutrophils [18]. Thus the proinflammatory effects of FasL have
to be mitigated before this novel approach will be useful in
promoting tolerance. As a step in this direction, it has been
demonstrated that FasL-transfected tumour cells injected into the
intraocular space are not rejected due to the presence of TGF-f3
which inhibits neutrophil activation [19]. These studies suggest
that coadministration of this cytokine with FasL-transfected cells
may promote immunologic tolerance.

Thus the report by Carroll et al. [5] is important as it describes
a novel strategy with the potential for inducing apoptosis of
alloreactive cells. Since in their study activated T cells undergo
Fas-mediated apoptosis earlier after activation, the numbers of T
cells with the potential to develop effector function would be
reduced. Although this scenario may prove effective in deleting
alloreactive T cells in a graft, in order to promote tolerance all
newly maturing alloreactive T cells would have to be eliminated.
Clearly it would be desirable to spare a potential regulatory
population yet eliminate the alloreactive cells.

Interestingly, one of the most commonly utilized immuno-
suppressive drugs given to patients who receive organ transplants
has been shown to block the induction of tolerance. Blocking both
CD28-B7 and CD40-CD40 ligand interactions, commonly known
as costimulation blockade, results in a cell cycle dependent
apoptosis of proliferating T cells along with permanent engraft-
ment of cardiac allografts in experimental models. However, when
cyclosporin A is administered along with costimulation blockade
the grafts are rejected and apoptosis of T cells is abolished [20]. It
is interesting to note that rapamycin, a newer immunosuppressive
drug, actually increased apoptosis of alloreactive cells during
costimulation blockade.

The ideal scenario post-transplant would involve a short-term

drug-based or biological strategy that would lead to the specific
incapacitation of alloreactive lymphocytes and tolerance to the
allograft. Current immuosuppressive regimens fail on both of
these counts. Tolerance is not achieved thus life-long immuno-
suppression is a reality for most transplant recipients. Further
since these drugs target all T lymphocytes the patient is left
vulnerable to infectious complications. Studies that examine new
approaches towards the deletion of graft reactive T cells are
clearly warranted if we are to realize the goal of achieving graft
tolerance in the clinical setting.
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