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While our body is exposed daily to an enormous number of
antigens and potentially harmful pathogens, our immune
system is, under normal circumstances, capable of defending
the organism and eliminating such intruders efficiently. Thus,
disease such as those mediated by persisting bacterial or viral
infections are relatively rare or only short lasting. However, it
also becomes obvious from this observation that immune
responses and in particular those mediated by immunocom-
petent cells, have to be terminated as quickly and efficiently
as they have been initiated, to avoid chronic inflammation
resulting in tissue destruction and potentially in autoimmune
disease. While immunological research has come up with
different potential control mechanisms for any given immune
reaction, none of them appears to be universal. Antigen-
specific induction of unresponsiveness in B and T lympho-
cytes has been recognised by researches already decades
ago as a mechanism of immune regulation. The idea that
immune responses can be regulated through antigen-specific
induction of apoptotic cell death has evolved only in the last
ten years. While both mechanisms are under intense
investigation it is still poorly defined and understood to what
extent tolerance and activation-induced cell death co-operate
in the regulation of immune homeostasis, whether they
represent separate mechanisms or might be even identical
under certain conditions. These issues have been recently
discussed at the INSERM Philippe Laudat conference held
November 2 ± 6 1997 in Aix-les-Bains, France, organised by
J.-P. Revillard, M. Goldman, D. Kabelitz and H. Waldmann.

Basic mechanisms of cell death

While most immunologists are investigating cell death of
single cells in a multicellular organism, such as the human
body, P. Golstein (Marseilles, France) presented evidence
that common mechanisms of apoptotic cell death apply also to
unicellular organisms. Upon shortage of food supply
Dictyostelium single cell amoebae aggregate to form a

sporangium and spores that can restart the Dictyostelium
life cycle again. During the process of sporangium formation
cells of the stem appear to undergo a form of cell death that
resembles in many ways apoptotic cell death observed in
multicellular organisms, like chromatin and cytoplasmic
condensation whereas the lack of phagocytes to remove
apoptotic cells appears to be compensated through auto-
digestive vacuoles of the dying cells (Cornillon et al, 1994).
Thus, in the case of Dictyostelium single cells appear to co-
operate in the formation of a temporary multicellular structure
and undergo cell death in order to maintain the species.

Given the fact that many different cell types undergo
similar forms of apoptosis and that common pathways of
signal transduction have been defined, the question of the
central mechanisms of apoptosis has been posed. G.
Kroemer (Villejuif, France) discussed in a `heptalogue'
seven requirements for a central executioner of apoptosis
and discussed evidence that mitochrondria might fulfil these
requirements (Kroemer et al, 1997). Mitochondrial perme-
ability transition is common to apoptotic cell death induced
by all triggers and precedes morphological changes of
apoptosis. Thus different signals appear to converge at the
level of mitochondria which co-ordinate further downstream
signals leading to the different manifestations of apoptosis
events. The universal requirements of the mitochondria for
energy production in eukaryotic cells thus inseparably
connects life and apoptotic cell death in one cellular
compartment and ensures a common pathway of apoptotic
cell death The idea that the release of cytochrome C from
the mitochondria represents such a converging event of
common apoptotic pathways is further supported by the
finding that inhibitors of apoptosis, such as Bcl-2 and BclxL

are located at the outer mitochondrial membrane where
they control the release of cytochrome C and thus further
downstream events (Golstein, 1997; Kluck et al, 1997;
Yang et al, 1997).

Still controversial in this unifying picture of the role of
mitochondria in apoptotic cell death is the role of Bcl-2 in
CD95-induced cell death: while many scientists have found
no protective role for Bcl-2 in CD95-induced cell death,
indicating the possibility that alternative pathways of
apoptotic cell death might bypass the mitochondria
(Memon et al, 1995; Strasser et al, 1995), others have
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observed protection (Asoh and Ohta, 1997; Itoh et al, 1993;
Weller et al, 1995). Thus, no rule without exception, and no
exception without possible explanation. P. Krammer
(Heidelberg, Germany) discussed that CD95, DR (death
receptor) 3, TRAIL receptor 2 (DR5) and TNF receptor I
(TNF-RI) all rapidly activate FLICE (caspase 8) through
oligomerization of their intracellular death domains upon
receptor triggering, leading to a proteolytically active FLICE
that can directly activate further downstream caspases, like
CPP32 (caspase 3), thus bypassing the requirement for the
mitochondria. Similar to the death domain containing
receptors, cytotoxic granules and in particular granzyme
B might also directly cleave FLICE and thus initiate
apoptotic cell death through this common pathway
(P. Krammer).

In favour of a protective role for Bcl-2 in CD95-induced
apoptosis were the results presented by R. Testi (Rome,
Italy). He pointed out that CD95 ligation leads to an early
activation of PC-PLC and acidic sphingomyelinase (ASM)
and production of ceramide in a death-domain and caspase
(caspase 8?) dependent way. Cells that lack ASM activity,
such as those from patients with Nieman-Pick disease,
appear to be less sensitive to CD95 crosslinking and have
delayed mitochondrial permeability transition but show
normal CD95-induced cell death after reconstitution with
ASM. Ceramide is a precursor of GM3 ganglioside which
can be converted to GD3 ganglioside by the ST8
sialyltransferase. Both CD95 ligation and ceramide addi-
tion lead to transient GD3 synthesis, and GD3 and
overexpression of ST8 induce apoptosis and altered
mitochondrial permeability transition (De Maria et al,
1997). The ASM pathway might thus represent a parallel
and/or amplifying pathway to the direct activation of the
caspase cascade after CD95 ligation and might connect the
CD95 induced apoptotic pathway to the control of the
mitochondria. As shown previously, apoptotic cell death
induced by direct ceramide addition is blocked by Bcl-2
(Martin et al, 1995). To what extent the ASM pathway
participates in CD95 induced apoptosis in different cell
types might thus explain some of the discrepancies on the
role of Bcl-2 in this death-inducing pathway.

Ceramide production as a second messenger of
apoptotic pathways appears not to be unique to CD95
and TNF-RI ligation. N. Bonnefoy-Berard (Lyon, France)
illustrated that antibodies to HLA class I can induce CD95
independent ceramide production and apoptotic cell death
in primary activated lymphocytes. As for CD95 ligation,
MHC class I induced ceramide production is blocked by the
caspase inhibitor ZVAD but is enhanced by YVAD and
DEVD. YVAD- and DEVD-sensitive caspases appear
therefore to be not only downstream of ceramide
production but also downstream of the mitochondria since
both inhibitors do not block mitochondrial permeability
transition.

Proteolytic cleavage of diverse cytoplasmic, membrane
associated and nuclear substrates by caspases or
potentially other caspase-activated proteases certainly
represents a key event in apoptotic cell death leading to
the distinct morphology. Yet unsolved is the question what
prevents the cell from leaking and thus releasing potentially

harmful autoantigens (Casciola-Rosen et al, 1995; Casiano
et al, 1996). Under normal conditions apoptotic cells are
efficiently phagocytosed and removed without induction of
inflammation or autoimmune responses. Nevertheless,
many protease substrates, cleaved during apoptotic cell
death are known as potential autoimmune antigens
(Casciola-Rosen et al, 1995; Casiano et al, 1996). M.
Piacentini (Rome, Italy) discussed the possibility that tissue
transglutaminase (tTG) activity might polymerise protease
substrates thus preventing the release of antigenic peptides
into circulation. The calcium- and GTP-dependent enzyme
tTG is induced in the thymus upon induction of apoptosis
via glucocorticoids, TCR stimulation or DNA damage.
Similarly, CD4+ T cells in HIV infected patients express
tTG and expression is further enhanced during the
progression of the disease (M. Piacentini; M.-L. Gougeon,
Paris, France) (Amendola et al, 1996). Intriguingly, the
induction of tTG during apoptotic cell death is inhibited by
the caspase inhibitor ZVAD. Overexpression of tTG in
fibroblasts sensitises the cells to TNFa and also induces
spontaneous cell death. Although it is currently difficult to
elucidate whether tTG expression represents only an
epiphenomenon or is unseparably linked to apoptotic cell
death and to proper elimination of dying cells, the role of
tTG as a regulatory enzyme in apoptotic cell death has to
be considered and should be further explored.

Activation and inhibition of the TNF
receptor family signaling cascade

In recent years a steadily increasing number of death inducing
receptors with sequence homology to the TNF receptor family
has been described (Wallach et al, 1997). Although the precise
physiological role of all these receptors in apoptotic cell death in
different cell types and differential stages is still unclear,
evidence emerges that different receptors of this family might
engage common pathways. CD95, TNF-RI, DR3 and TRAIL-
R2 (DR5) all lead to a rapid, death-domain dependent
activation of FLICE (caspase 8), capable of activating other
caspases and further downstream events (P. Krammer,
Heidelberg, Germany; M. Thome, Lausanne, Switzerland; D.
Wallach, Rehovot, Israel). Caspase 8 exists in two major
isoforms (a and b) which both are recruited to the receptor via
death effector domain interaction of the N-terminal pro-domain
with the homologous domain of the adapter molecule FADD.
Why primary activated T cells are insensitive to CD95 induced
apoptosis but gradually acquire sensitivity (Klas et al, 1993),
has been subject to extensive speculations. M. Thome, P.
Krammer and D. Wallach provided evidence that virally
encoded (Herpes simplex and Pox virus) or cellular mole-
cules, homologous to FLICE, might account for this resistance
to CD95-induced apoptosis. Cellular FLIP (FLICE-inhibitory
protein) (Irmler et al, 1997), also called CASH (caspase
homologue) (Goltsev et al, 1997) or FLAME (FADD-like anti-
apoptotic molecule) (Srinivasula et al, 1997) and by many other
names, is expressed in resting T cells and persists during the
first days after primary activation. Similarly, most melanomas,
known to be fairly insensitive to CD95 ligation, express FLIP.
Both, viral and cellular FLIP appear to block CD95 induced
apoptosis through competitive binding to FADD, thus blocking
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the signaling cascade at the level of FLICE (caspase 8)
activation. OverexpressionofviralandcellularFLIP thusblocks
CD95-, TRAIL-R- and DR3-induced recruitment of FLICE to the
receptor and subsequent apoptosis.

In a more generalised view, our current understanding of
the signaling cascades of the death domain containing
receptors of the TNF-R family (CD95, TNF-RI, DR3, DR5)
induced apoptosis is coherent and integrates many of our
in vivo and in vitro observations: engagement of the
receptors sequesters the adapter molecule FADD via
death domain interactions which subsequently recruits
caspase 8 via death effector domain interaction, leading
to a proteolytically active tetramer capable of engaging
further downstream events in the apoptosis cascade. D.
Wallach, however, reminded the audience that life (or
death) of a cell might not be as simple and that many
observations do not fit into this simplified view. Death
domains, initially described as death transducing domains
in the TNF-R family, are more ubiquitous than we thought
and are found in growing numbers of molecules, like p105
NFkB and related molecules, which to our current knowl-
edge have little to do with apoptosis. Nonetheless,
overexpression of death domains induces apoptotic cell
death. Similarly, caspase 8 appears to consist of up to ten
different isoforms (a1, a2, a3, b1, b2, b3, b4 etc.). Although
some isoforms lack functional protease regions, they
nevertheless may induce cell death in some cells. Even
more controversial is the unique role of TNF-R family
members associated signaling molecules in transducing
apoptotic cell death. Caspase 8, FADD and TRADD gene
deficient mice do not show an apoptosis deficient
phenotype but rather die all during embryonic development
in utero. In addition, mice transgenic for dominant-negative
FADD under the control of the proximal lck promoter,
directing its expression to the thymus, do not show reduced
thymic deletion but rather show accelerated negative
selection. Thus, signals transduced through the CD95 and
TNF-R do not only result in apoptotic cell death but must
activate other fundamentally important cellular functions as
well. In trying to understand these controversial results, we
are thus encouraged to consider apoptotic cell death as
mediated through the TNF-R family not any more as an
isolated and distinct function but to ingrate these findings
into a more global view of cellular activation leading either
to cell death or survival (Alderson et al, 1993; Lee et al,
1997; Yeh et al, 1997).

Transcriptional control of apoptotic T cell
death

The transcriptional regulation of CD95-L expression has
received increasing attention. TCR induced CD95-L expres-
sion is a crucial element in AICD and cytotoxic effector
functions of CD4+ T cells (Brunner et al, 1996). However, a
growing number of publications demonstrate diverse addi-
tional functions of CD95-L also in non-hematopoietic cells and
tissues, such as the eye, testis, tumor cells, hepatocytes,
fibroblasts and probably more to be described (Brunner et al,
1996; French and Tschopp, 1996). Thus, it remains to be
elucidated what signals regulate CD95-L expression in all

these different cell types. There is increasing evidence that
stress signals as induced by chemotherapeutic drugs or
irradiation can induce CD95-L expression in T cells and also
in non-lymphoid cells (Friesen et al, 1996; Fulda et al, 1997;
Kasibhatla et al, 1998; Muller et al, 1997). P. Krammer
reported that bleomycin induces CD95/CD95-L dependent
apoptotic cell death in hepatomas. Bleomycin induces both
expression of CD95 and CD95-L and expression co-localises
on the same cell. In hepatomas drug-induced CD95/CD95-L
dependent cell death appears to require the functional
expression of p53 since drug induced apoptosis and CD95
expression was only observed in p53 positive cells (Muller et
al, 1997). p53 seems to control CD95 expression via a p53
responsive element within the CD95 gene but not in the CD95
promoter.

The role of p53 in T cell apoptosis is more controversial.
While DNA damage-induced apoptosis in thymocytes
appears to require the expression of p53, normal
susceptibility towards DNA damage is observed in mature
T cells (Strasser et al, 1994). Similarly, T. Brunner (Bern,
Switzerland) provided evidence that UV and topoisomerase
II inhibitor induced apoptosis of p53-deficient T cells is
comparable to those in wild type cells. In contrast, DNA
damage induced apoptosis appears to be dependent on
CD95 and CD95-L expression since a soluble CD95 fusion
protein blocks apoptosis. DNA damage induces rapid
expression of CD95-L in T cells in a process that requires
the activation of the JNK pathway and of the transcription
factors AP-1 and NFkB. Sequence analysis and binding
experiments further revealed that AP-1 and NFkB bind to
specific sites in the CD95-L promoter (Kasibhatla et al,
1998). Thus, it remains to be seen whether CD95/CD95-L
dependent cell death in different cell types is differentially
regulated by transcription factors such as p53.

Resting T cells are insensitive to AICD but rather acquire
sensitivity after primary activation and initial proliferative
phase (Klas et al, 1993; Russel et al, 1991). Thus, entry
into cell cycle appears to prime T cells for AICD. The
transcription factor c-Myc has been shown to be crucial for
cell cycle progression and has also been implicated in cell
death. T. Brunner reported that AICD in T cells is
dependent on c-Myc expression. Downregulation of c-Myc
expression specifically blocks activation-induced CD95-L
expression whereas CD95 expression is unaffected. CD95-
L seems to be a direct transcriptional target of c-Myc since
c-Myc binds to a non-canonical responsive element in the
CD95-L promoter. Similarly, overexpression of dominant-
negative inhibitors of the transcription factor c-Myc block
CD95-L promoter activity whereas overexpression of c-Myc
enhances its activity. These findings are in agreement with
the recent report by Hueber et al, that c-Myc-dependent
apoptosis in serum-starved fibroblasts is dependent on
CD95 and CD95-L expression (Hueber et al, 1997). Thus
the transcriptional control of CD95-L via c-Myc might
assure that only T cells in cell cycle and thus expressing
c-Myc can efficiently transcribe CD95-L and thus undergo
AICD.

Another transcription factor involved in T cell apoptosis
is GFI-1 (T. MoÈ roÈy, Essen, Germany) (Zornig et al, 1996).
The zink finger protein GFI-1 is specifically expressed in T
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cells and thymocytes within few hours after cell activation.
Forced overexpression of GFI-1 in the thymus results in
very low numbers of thymocytes with no cells at the CD4/
CD8 double positive stage and the few remaining ones at
the double negative stage. In contrast, GFI-1 overexpres-
sion in mature T cells results in protection from IL-2
withdrawal and AICD, however, it does not affect DNA
damage-, dexamethasone- or CD95-induced apoptosis.
Whether GFI-1 is involved in the expression of death-
inducing ligands, like CD95-L or TNF, is currently unknown
but is an intriguing hypothesis.

CD95/CD95-L interactions in health and
disease

While the importance of CD95/CD95-L interactions for the
immune homeostasis of CD4+ T cells is almost undoubted,
exciting recent data indicate that the role of CD95/CD95-L
interaction in health and disease might be more widespread
than we initially thought (Brunner et al, 1996). Virus-induced
loss of CD4+ T cells is believed to be a major event in HIV-
induced immunodeficiency syndrome (AIDS). Several
reports indicate that this loss is due to apoptotic cell death
of the CD4+ T cells (Ameisen, 1995) and that HIV-induced
CD95-L expression might be, at least in part, responsible for
this apoptotic cell death (Lynch et al, 1996). Thus, infected
and sensitised cells may not only die via autonomous CD95/
CD95-L interaction but may also kill non-infected sensitised
T cells activated during infection of the human host
(Kameoka et al, 1997; Samuelsson et al, 1997; Westerndorp
et al, 1995) (M. Gougeon). Since most viruses pursue a
strategy of avoiding host cell death rather than inducing it,
HIV induced CD95-L expression might also serve another
purpose. As shown for immune privileged sites (Bellgrau et
al, 1995; Griffith et al, 1995), CD95-L expression might lead
to inefficient cytotoxic T cell responses against virally
infected host cells, thus ensuring viral replication and
spreading of the disease (Johnson, 1997). A. Badley
(Ottawa, Canada) suggested even another way by which
CD95-L expression might be responsible for CD4+ T cell loss
during HIV infection. He reported that monocytic cell lines as
well as monocyte-derived macrophages can express CD95-L
upon HIV infection (Badley et al, 1996). In lymphonodes of
infected patients, CD95-L expression co-localises with
macrophage markers. Since macrophages can serve as a
reservoir of monocytotrophic strains and these strains induce
a faster progression of the disease, it is likely that HIV-
induced CD95-L expression in macrophages might con-
tribute to the rapid loss of CD4+ T cells during HIV infection
(Badley et al, 1996).

Similar strategies of immune escape have been
proposed for tumor cells (Walker et al, 1997). Although
increased frequencies of anti-tumor cytotoxic T cells are
found in lymph nodes of melanoma patients anti-tumor
responses appears to be inefficient and the death of the
patient is more than likely. Why melanomas are such
aggressive tumors has been subject of extensive investiga-
tion and several immune escape mechanisms have been
suggested. Recent data presented by P. Romero
(Lausanne, Switzerland), now indicate that many melano-

ma cell lines and primary isolates from patients express
high levels of CD95-L and that melanoma-expressed
CD95-L can induce apoptosis in activated T cells.
Furthermore, CD95-L expressing melanoma lines cause a
more rapid death in transfer experiments in mice than
CD95-L negative lines (Hahne et al, 1996). Reports by
other groups indicate that CD95-L expression is not
restricted to melanomas but many tumors derived from
different tissues are capable of expressing CD95-L and
might use this defense mechanism as lethal weapon
against cytotoxic T cell responses (Walker et al, 1997).

While virus-induced and tumor cell-expressed CD95-L
might account as a disease-promoting factor, can the same
strategy be used to avoid disease? Starting with the initial
observations by Griffith and colleagues (Griffith et al, 1995)
and Belgrau and collaborators (Bellgrau et al, 1995)
scientists have pursued the idea of inducing transplanta-
tion tolerance by local expression of CD95-L with
enthusiasm, however with divergent results. This topic
has also been the ground for intense discussions during
this meeting. While some groups have found inhibited
rejection of pancreatic islets by co-transplantation of CD95-
L transfected myeloblasts (Lau et al, 1996); others found no
protection from autoimmune-destruction of b-islet cells by
overexpression of CD95-L but observed rather acceleration
of the onset of diabetes (Allison et al, 1997; Chervonsky et
al, 1997; Kang et al, 1997) (R. Mueller, T. Brunner, D.
Green and N. Sarvetnik, unpublished results). Mixed
leukocyte reactions appear to be efficiently inhibited by
CD95-L overexpressing COS cells through selective
apoptosis of cycling T cell blasts (R. Schwinzer, Hann-
over, Germany). Similarly, CD95-L positive H-2Kb trans-
genic testis allografts are strongly infiltrated shortly after
transplantation into Kb T cell receptor transgenic mice but
cellular infiltrates are quickly cleared by induction of
apoptosis and grafts survive indefinitely (M. Hoffman,
Hannover, Germany). In contrast, transplantation of
CD95-L expression tumor cells lead to accelerated
neutrophil-mediated rejection of the allograft and survival
of the mice, whereas mice transplanted with wild type tumor
died quickly (Seino et al, 1997). Thus, while it has been
tempting to assume that localised expression of CD95-L
could be therapeutically used in transplantation immunol-
ogy, we first have to understand which co-factors enhance
CD95-L mediated immune privilege and what factors might
even promote accelerated rejection of CD95-L expression
allografts.

While we have based the in vivo importance of CD95/
CD95-L interactions in the immune homeostasis on the
analysis of the CD95 (lpr) and CD95-L (gld) mutant mice,
little information has been obtained so far on the
pathology of genetic defects of the CD95/CD95-L system
in humans. Recent data now indicate that genetic CD95/
CD95-L defects in humans are quite common and may
represent one of the underlying mechanisms of auto-
immunity observed in these individuals. A. Fischer (Paris,
France) reported of 43 cases with genetic defects in the
CD95 or CD95-L gene. Heterozygous defects in the
CD95 gene were found to be most common (40 cases)
whereas homozygous defects in CD95 (two cases) and
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heterozygous defects in CD95-L (1 case) are very rare.
Approximately 75% of all mutations in CD95 are found
within the death domain, leading to a defect of CD95
mediated apoptosis. Most patients develop lymphoproli-
ferative disease within the first 5 years of life, with
dramatic enlargement of the spleen and excess of
CD47CD87 T cells in the periphery. Many patients also
develop autoimmune diseases and in some cases even a
higher incidence of tumor formation, such as lymphomas,
adenomas and hepatomas, is observed. Thus, genetic
CD95/CD95-L defects in mice and humans appear to
lead to similar pathologies and further support the
importance of CD95/CD95-L interactions in immune
homeostasis.

Modulation of apoptosis by cytokines and
costimulatory signals

As pointed out earlier, resting T cells are insensitive to AICD
but acquire sensitivity after primary activation (Klas et al,
1993; Russel et al, 1991). Thus, T cells have to enter cell
cycle to reach an AICD-susceptible stage (R. McDonald,
Lausanne, Switzerland). IL-2 not only promotes T cell
proliferation but also enhances susceptibility to AICD
(Lenardo, 1991). Thus, signals through the IL-2 receptor
can control apoptotic cell death in T lymphocytes and may
represent an autocrine regulatory loop (M. Lenardo,
Bethesda, USA). The role of IL-2 in regulation of CD95-
dependent and -independent apoptosis have been subject of
various presentations at this meeting. J. Russel (St. Louis,
USA) reported that some muteins of IL-2 show a dissociation
of AICD and proliferation promoting activity. These mutants
are still capable of interacting with the receptor and inducing
proliferation but are unable to sensitise T cells for AICD.
Thus, induction of cell cycle progression and susceptibility to
apoptotic cell death appear to be two independent functions
of IL-2, although it is currently unclear how this can be
distinguished on the level of the IL-2 receptor. This idea was
further supported by L. Genestier (San Diego, USA) and J.-
P. Revillard (Lyon, France) who found that anti-CD95- or
anti-HLA class I-induced apoptosis in human T cell blasts is
blocked by cyclosporin A, FK506, anti-IL-2 or anti-IL-2
receptor (CD25). In contrast, block of G1/S transition of the
cell cycle by aphidicolin does not alter susceptibility to CD95-
or HLA class I-mediated apoptosis (Fournel et al, 1996;
Genestier et al, 1997). The in vivo relevance of IL-2 induced
promotion of apoptotic cell death was further underlined by
A. Schimpl (WuÈ rzburg, Germany) (Kneitz et al, 1995). CD4+

T cells, but not CD8+, from IL-2-deficient mice show normal
TCR-induced proliferation in vitro but have impaired
peripheral deletion in response to superantigen in vivo. In
contrast to lpr and gld mice, IL-27/7 mice do not accumulate
CD47CD87B220+ T cells and show normal expression of
CD95 and CD95-L. However, the sensitivity to CD95 ligation
and ceramide is strongly reduced which can be partially
compensated by addition of exogenous IL-2. This reduced
sensitivity to AICD and CD95 ligation appears to result in
strong autoimmune disease and many animals often die after
10 weeks of age. Since survival of these mice is enhanced
by crossing IL-27/7 mice with TCR tg mice, i.e. mice with a

reduced TCR repertoire, this model further supports the
importance of antigen-induced peripheral deletion in the
control of immune homeostasis in vivo.

Diverse cytokines not only promote differentiation and
proliferation but may also act as survival factors and thus
antagonise apoptotic cell death. Intradermal immunisation
of volunteers with antigen leads to infiltration of
CD45RO+CD4+ and CD45RO+CD8+ T cells which peaks
at day 7 after immunisation and decreased thereafter. This
time-dependent of the infiltrate correlates with the expres-
sion of Bcl-2 (A. Akbar, London, United Kingdom). T cell
activation further induces expression of IL-15 and IL-2
which parallels Bcl-2 expression. T cells isolated from
infiltrates are very susceptible to cytokine deprivation and
restimulation and die quickly after in vitro culture. The
addition of IL-2 or IL-15 induces BclxL expression, rescues
cells from apoptotic death and allows restimulation via
TCR. Thus, cytokines like IL-2 may not only promote AICD
but may also maintain T cell survival during the course of
an immune response.

Similar to T cells, germinal center B cells can undergo
AICD upon crosslinking of the B cell receptor (BCR).
Whether or not AICD in B cells is CD95/CD95-L dependent
is still controversial (Daniel et al, 1997; Hahne et al, 1996;
Samuelsson et al, 1997; Scott et al, 1996; Truman et al,
1997). Nevertheless, germinal center and memory B cells
express high CD95 levels and are thus potential targets for
activated CD95-L expressing T cells. T Defrance (Lyon,
France) (Defrance et al, 1997) discussed the complex
crosstalk of signals through CD40, BCR and IL-4 receptor
on AICD and CD95 sensitivity. Crosslinking of the BCR
induces AICD in germinal center B cells which can be
rescued by the T cell-derived IL-4 or CD40 ligation.
Comparable to thymocytes, the absence of any signal will
lead to death by neglect whereas BCR ligation alone will
induce AICD. The death of the different B cell sub-
populations during their maturation seems to be further
regulated by the expression of death effector gene such as
c-myc, p53 and Bax. Thus, B cell maturation is tightly
coupled to T cell activation which ensures that autoreactive
B cells will not survive this antigen-specific T cell
dependent selection process.

The role of co-stimulatory molecules like CD4 and CD2
in apoptotic cell death in T cells remains a controversial
issue. Both, CD4 and CD2 ligation have been reported to
lead to apoptotic cell death by a CD95/CD95-L dependent
mechanism (J.-P. Revillard) (Wang et al, 1994), whereas
others have found that CD2-induced apoptosis proceeds
CD95-independent (Mollereau et al, 1996). In contrast, D.
Kabelitz (Langen, Germany) reported that CD4 crosslinking
by soluble antibodies or HIV gp160 can block AICD in T
cells by inhibition of activation-induced CD95-L expression.
Similarly, co-stimulation via CD2 may block AICD in T cell
hybridomas by inhibition of activation-induced CD95
expression (E. Ayroldi, Perugia, Italy) (Ayroldi et al,
1997). Thus, stimulation via CD4 or CD2 may promote or
antagonise apoptosis depending on the absence or
presence of TCR signals and, as suggested by D. Lynch
and P. Krammer, depending on the epitopes that the
antibodies recognise.

Meeting Report
T Brunner and L Genestier

543



Tolerance, apoptosis and immune
regulation

Although its importance for the regulation of immune
responses is generally accepted, the mechanistic events
leading to tolerance induction are still quite obscure. While T
cells can be rendered tolerant towards a second encounter
with antigen several possible mechanisms might be
responsible for such non-responsiveness. Neonatal treat-
ment with antigen will lead to central deletion (negative
selection) of antigen-specific thymocytes and tolerance will be
life-long. To what extent antigen-induced T cell deletion also
applies to tolerance induction in adults with mature circulating
antigen-specific T cells is unclear and certainly alternative
explanations need to be considered. As discussed above,
high antigen concentrations or persistent delivery may also
induce peripheral deletion of mature antigen-specific T cells
by AICD. Induction of tolerance by chronic activation of
peripheral T cells and induction of peripheral deletion could
explain to a certain degree why induction of peripheral
tolerance is often dependent on multiple antigen applications
and might be lost after removal of the antigen. After a single
injection of high dose of SEB extensive deletion of responsive
Vbs is observed after initial expansion and non-responsive-
ness to SEB is longlasting (Webb et al, 1990). Some
experimental systems have indeed revealed that apoptotic
cell death of antigen-specific T cells might (at least) participate
in peripheral tolerance induction (R. Liblau, Paris, France)
(Liblau et al, 1996). Others even suggested that peripheral
tolerance may not only be mediated through deletion of
antigen-responsive T cells but may also be mediated through
antigen-specific apoptosis or T cell-mediated killing of antigen
presenting cells and thus the disapperance of presentable
and recognisable antigen (O. Leo, Rhode-St-Genese,
Belgium; C. Servet, Lyon, France) (Muraille et al, 1997).
Antigen-specific deletion of mature T cells is certainly one
possible explanation for peripheral tolerance but may not
explain everything. In particular, we would have problems to
explain how tolerance can be `infectious' or transferred (H.
Waldman, Oxford, United Kingdom) by cells that have
undergone or will undergo AICD. In addition, SEB injection
never leads to a complete disappearance of all Vb8+ T cells,
nevertheless the remaining ones are unresponsive to re-
encounter with the superantigen. Similarly, very low concen-
trations of SEB do not lead to peripheral deletion but still can
induce tolerance towards restimulation with SEB in an
apparently Vb-independent way (O. Leo) (Muraille et al,
1997).

Thus, alternative mechanisms of tolerance induction
have to exist which may act independently or in concert
with AICD in T cells. J. Bluestone (Chicago, USA)
discussed that engagement of CTLA-4 on T cells might
represent such a non-apoptosis-mediated pathway of
tolerance induction or suppression (Bluestone, 1997).
Engagement of CTLA-4 efficiently blocks T cell prolifera-
tion and IL-2 production, and might thus antagonise co-
stimulatory signals mediated via B7/CD28 interactions.
Similarly, inhibition of CTLA-4 by antibodies enhances
SEB-induced expansion of Vb8+ T cells in vivo, however
does not block SEB-induced T cell depletion. Whereas

CTLA-4 activation does not engage apoptotic cell death in
T cells, CD28 co-stimulation can rescue cells from anti-
CD3-induced apoptosis. CTLA-4 rather appears to
suppress T cell expansion by inhibition of the Ras
pathway associated with the TCR signaling (Calvo et al,
1997).

Additional support that peripheral tolerance does not
necessarily require apoptotic cell death of antigen-specific
T cells was also provided by L. Chatenoud (Paris, France),
S. Cobbold (Oxford, United Kingdom), M. Goldman
(Bruxelles, Belgium) and H. Waldman (Oxford, United
Kingdom). Treatment of mice with non-depleting anti-CD3,
-CD4 or -CD8 antibodies results in long-lasting tolerance of
T cells and non-responsiveness to skin grafts or autoanti-
gens in NOD pancreas (Chatenoud et al, 1997; Marshall et
al, 1996). Non-responsiveness or altered responses to
antigen might also be achieved through immune deviation.
L. Adorini (Milan, Italy) discussed that autoimmune NOD
mice during the course of diabetes exhibit a strong Th1
response. Continuous treatment with soluble antigen not
only induces immune deviation by a shift towards a Th2
response but also induces peripheral tolerance (Adorini and
Trembleau, 1997). Whether or not this immune deviation is
due to antigen-induced apoptosis of Th1 cells and selective
survival of cells committed to the Th2 lineage, as proposed
in other studies (Ramsdell et al, 1994; Zhang et al, 1997)
(D. Kabelitz, Langen, Germany), is currently unknown but a
possibility to be considered. Similarly, it is unclear whether
immune deviation-mediated tolerance is due to unrespon-
siveness or altered responses of the resulting Th2 cells,
e.g. reduced cytotoxic potential. Although additional
research has to be done to bring light into many remaining
questions, the intriguing observation remains that cytokines
are important regulators of immune deviation, peripheral
deletion and tolerance.

Figure 1 Regulation of the homeostasis of the immune system and some of
the many remaining question-marks
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Antigen-induced apoptosis, tolerance and immune
deviation are interacting in a complex way for one single
goal: the homeostasis of the immune system. All
mechanisms of immune regulation certainly represent
interesting targets for immunotherapeutical approaches.
However, before therapies can be developed for the cure
of allergic diseases, cancer, autoimmunity or to prevent
transplant rejection the principle mechanisms and interac-
tion between these possible immunomodulatory events
have to be understood (Figure 1). And we most likely will
have to integrate a new, or better long forgotten, term in our
unifying concepts of immunotherapy, the `suppressor' cells
(H. Waldmann, Oxford, United Kingdom). We might thus
say the `S' word soon in public again (Green and Webb,
1993).
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