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COMMENT

Fas ligand and the fate of antitumour cytotoxic T lymphocytes

JOE O’CONNELL Department of Medicine, National University of Ireland, Cork, Ireland

Fas ligand (FasL/CD95L)-mediated ‘activation-induced
cell death’ (AICD) of T cells helps to downsize normal
immune responses.! AICD can occur by ‘suicide’ (where
FasL triggers Fas (CD95) on the same T cell) or by
‘fratricide’ (where FasL on a T cell triggers Fas on a
neighbouring T cell). While FasL plays a vital role in
terminating immune responses after they are no longer
required, and in precluding undesirable immune responses
from sites of immune privilege such as the eye, it appears
that cancers may subvert the immune-suppressive activity
of FasL to inhibit antitumour responses.> A paper by Li
et al. in the current issue of Immunology® examines the effect
of tumour-expressed FasL on the viability and lytic activity
of antitumour cytotoxic T lymphocytes (CTLs) primed in
vivo in host mice. Overall, the data supports three different
FasL-mediated mechanisms of CTL apoptosis (Fig. 1). The
results indicate that:

(1) FasL-expressing tumour cells can induce apoptosis of
CTLs by direct ‘Fas counterattack’;

(2) that contact with specific tumour antigens leads to acti-
vation and subsequent instigation of AICD in cognate
CTLs; and

(3) that up-regulation of FasL in cognate tumour-specific
CTLs can lead to killing of neighbouring, non-cognate
bystander CTLs.?

By using FasL-negative mouse leukaemia cell lines and
comparing them with their FasL-transfected counterparts,
the role of FasL could be specifically tested. The FasL-
expressing transfectant tumour cells were shown to kill Fas*
but not Fas™ target cells, whereas the FasL™ parental
tumour cells were cytocidal against neither Fas* nor Fas™
targets.” This demonstrated that target killing was specifi-
cally facilitated by FasL expressed by the transfected
tumour cells. Next, cytolytic activity of tumour-expressed
FasL was tested against in vivo-primed peritoneal exudate
lymphocytes (PELs). Again, while FasL™ parental tumour
cell lines failed to induce any killing of PELs, the FasL
transfectants induced significant PEL killing.* Interestingly,
killing appeared to be more effective against cognate than
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non-cognate PELs, suggesting that engagement of the
T-cell receptor (TCR) on target PELs may render them
more susceptible to FasL-mediated counterattack.

Since CTLs usually comprise only about one-third of
PELs, the effect of FasL on CTL activity was functionally
tested. Preincubation with FasL* (but not FasL™) tumour
cells greatly inhibited the lytic activity of PEL-CTLs towards
the secondary target cells against which the PEL-CTLs had
been primed.® However, lytic activity of PEL-CTLs primed
against tumour cells was inhibited by preincubation with the
same cognate tumour cells to a similar extent whether FasL
was expressed or not. Evidence was provided that AICD
could account for inhibition of PEL-CTLs in response
to cognate, FasL™ tumour cells. Indeed, a previous study
demonstrated that FasL™ human melanoma cell lines could
trigger AICD in tumour-specific CTLs.* In addition to
inducing AICD of cognate PELs, the study by Li et al.
showed that interaction with cognate PELs resulted in
indirect suppression of bystander, non-cognate PELs
included in the incubation.® This suggests that CTLs acti-
vated in response to cognate tumour could up-regulate
FasL and induce ‘fratricide’ of bystander CTLs (Fig. 1).
While FasL-expressing tumour cells were shown to kill
PELs, and also inhibited the lytic activity of PEL-CTLs, this
inhibitory effect need not be entirely attributable to FasL-
mediated apoptosis of the CTLs. It has recently emerged
that FasL can suppress the activation of T cells by blocking
calcium influx through calcium release-activated calcium
channels on the cell surface.’ This process appears to be
mediated via ceramide produced after activation of an acidic
sphingomyelinase in response to Fas stimulation, and could
represent another mechanism of FasL-mediated inhibition
of CTLs in addition to induction of apoptosis.

RELEVANCE TO HUMAN TUMOUR
IMMUNOLOGY

What significance do the findings of Li et al. hold for the
antitumour immune response in human patients? Several
previous reports have demonstrated the ability of FasL-
expressing tumour cell lines to kill Fas-expressing targets;”
Li et al. have now demonstrated that this ‘counterattack’
can diminish the cytotoxic potential of CTLs primed in vivo
against the tumour.® Evidence that CTLs in human tumours
are susceptible to FasL-mediated inhibition comes from the
finding that tumour-infiltrating lymphocytes (TILs) isolated
from some human cancers express elevated Fas relative to
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Figure 1. Fas ligand (FasL) and the possible fates of antitumour
CTLs. (a) Expression of FasL may enable tumour cells to
‘counterattack’ and kill in vivo-primed CTLs by triggering Fas-
mediated apoptosis. Although expression of FasL appears to allow
tumour cells to kill both non-cognate and cognate, tumour-specific
CTLs, Li et al. provide evidence that killing of cognate CTLs may
be more efficient. (b) In the absence of tumour-expressed FasL,
CTLs may also undergo apoptosis. MHC-antigen complexes on the
surface of tumour cells can trigger TCR-mediated activation of
cognate CTLs. Activation induces up-regulation of Fas and FasL
on the CTLs, leading to autocrine, Fas-mediated ‘suicide’ (AICD).
The up-regulated FasL on cognate CTLs may also induce
Fas-mediated ‘fratricide’ of activated, non-cognate CTLs.
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matched peripheral lymphocytes.® This would suggest
that TILs up-regulate Fas upon activation by contact with
tumour antigens, and that TILs are consequently receptive
to FasL-mediated inhibition. Furthermore, CTLs may be
particularly susceptible to FasL-mediated apoptosis within
the many human tumours that lose expression of the
CD28 ligand B7. Activation of CTLs in the absence of
CD28-mediated co-stimulation by B7 accentuates the
Fas-sensitivity of antitumour CTLs.” On the other hand,
a number of studies have indicated that a high proportion of
TILs in situ appear to be dysfunctional and to lack proper
activation.® This would suggest that many TILs are
suppressed or senescent, and not particularly primed for
Fas-mediated apoptosis signalling.

Of the different mechanisms of CTL apoptosis described
in Li et al’s study,’ one might ask: which is likely to be
the most important in the context of human tumours? The
high prevalence of FasL expression in a high proportion of
numerous diverse types of human cancer (including colon,
breast, liver, lung and brain cancers)”> would suggest that
tumour expression of FasL is of fundamental importance to
tumour growth. Particularly striking are the findings from
a number of studies that the level of TILs present within
tumours can vary in relation to the expression of FasL in
the tumour.” > In oesophageal cancer, for example, there
were fourfold fewer TILs in tumour nests expressing FasL
relative to matched FasL-negative tumour nests in the same
tumours.” This difference in the level of TILs correlated
with a difference in the rate of apoptosis of TILs: there was a
two-fold higher rate of apoptosis in FasL-positive relative
to FasL-negative tumour nests.” Other studies have also
reported a correlation between tumour-expressed FasL
and reduced TILs (Table 1). These findings imply that
tumour-expressed FasL is the principal determinant of TIL
apoptosis, and that while AICD may account for turnover
among a proportion of TILs, the rate of TIL apoptosis
is accelerated in areas where the tumour cells express FasL.

FasL AND IMMUNE PRIVILEGE

From Li et al’s results, it is clear that FasL-expressing
tumour cells can directly kill both cognate and non-cognate
CTLs® (Fig. 1); FasL expression therefore offers the tumour

Table 1. Studies demonstrating association between tumour-expressed FasL and apoptosis and loss of TILs in situ in human cancers

Cases
Tumour type Ref. studied (n) FasL’s association with apoptosis and loss of TILs
Ovarian 10 132 Decreased CD3" and CD8" TILs
Colon 13 41 Increased apoptosis of TILs (P <0-01); decreased TIL numbers
QOesophageal 14 106 Decreased CD8" TILs (P=0:0011); increased apoptosis of TILs
(n=6, P<0-05); decreased TIL numbers (n=6, P<0-05)°
Mycosis fungoides 12 21 Increased apoptosis of CD8" TILs; decreased CD8* TIL numbers (P <0-02)
lymphoma
Gastric cancer 11 100 Increased apoptosis of TILs (P=0-057)
Angiosarcoma 15 40 Decreased CD3™ and CD8" TILs (P < =0-004)
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a distinct advantage, since FasL-negative tumours cannot
kill non-cognate CTLs directly. The indirect killing mech-
anism of bystander, non-cognate CTLs demonstrated by Li
et al.® would require close contact of cognate and bystander
CTLs, which might not often occur in vivo in tumour nests;
islands of tumour cells are often found to be infiltrated by
isolated, individual TILs. AICD of cognate CTLs might also
be inefficient within tumour nests; while AICD via autocrine
suicide has been shown to occur in vitro in a single activated
T cell, during the downsizing of normal immune responses
AICD probably occurs largely via fratricide after ‘crowding’
of expanded T-cell populations.! Again, within tumour
nests, there may be little opportunity for AICD to occur
via fratricide. Also, since many tumours down-regulate
antigen presentation via major histocompatibility complex
(MHC), there may not always be sufficient stimulation of
the TCR to induce AICD in tumour-infiltrating CTLs.
Clearly, expression of FasL by the tumour cells represents
the advantage that it provides a permanently available
‘off-switch’ for any Fas-sensitive, infiltrating TILs.

The role of FasL in tumour immune privilege has been
confounded by the finding that murine tumours over-
expressing recombinant FasL are often rapidly rejected via
massive neutrophil infiltration. This is most likely a con-
sequence of excessive apoptosis triggered in host cells
by the sudden introduction of large numbers of FasL-
overexpressing tumour cells.” Experimentally induced
‘synchronous’ apoptosis in many adjacent cells, which
rarely occurs under normal physiological conditions, can
overwhelm the capacity of phagocytes to engulf and clear
apoptotic bodies. In vivo, uncleared apoptotic bodies
undergo a lytic process termed ‘secondary necrosis’, leading
to the release of cellular contents and inflammation. In
addition, many cell types are known to release neutrophil
chemotactic factors while undergoing FaslL-mediated
apoptosis. Many different cells release interleukin-8 (IL-8)
in response to FasL, and FasL also activates caspases that
catalyse the processing and secretion of IL-1f and IL-18.
FasL-mediated release of such chemokines and cytokines
from apoptotic host cells may account for the inflammatory
response to FasL-overexpressing murine tumours.” While
FasL-transfected tumour cells did not induce inflammation
in host mice with a mutated Fas, simply injecting syngenic
cells expressing functional Fas into the tumour micro-
environment restored the inflaimmatory response.!® FasL-
mediated inflammation also depends on host mice having a
functional IL-1 gene.!” Transforming growth factor-p
(TGF-B) was shown to prevent FasL-mediated inflamma-
tory effects,'® so that other factors may control the con-
sequences of FasL up-regulation in any given tissue site or
tumour. FasL expressed in human tumours, or indeed any
other human tissue, has never been found to be associated
with neutrophil recruitment; the level of neutrophils found
in tumours is usually very low. In human tumours, depletion
of TILs appears to be the consequence of FasL expression
(Table 1).

So is expression of FasL sufficient to enable tumour
cells to elude CTL-mediated antitumour cytotoxicity?
Li et al. show that despite their evidence for FasL-mediated
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inhibition of antitumour CTLs, in vivo-primed PEL-CTLs
could nevertheless kill target tumour cells in vitro,
irrespective of FasL expression on the tumour cells.> How-
ever, care is needed in the interpretation of such killing
assays, and how they are set up in vitro. To test CTL lytic
activity towards the tumour cells, Li et al. employed a
considerable excess of CTLs to target tumour cells.® This is
the opposite of the context in solid human tumours, where
less than 4% of the cells are usually TILs. As already
mentioned, within nests of tumour cells, infiltrating TILs
are often observed in isolation surrounded by tumour
cells. Hence, the balance probably favours ‘counterattack’
of CTLs by the tumour. In studies such as that by Li e7 al..}
it must also be borne in mind that the manner of pri-
ming CTLs experimentally, by injecting huge numbers of
irradiated tumour cells into the host, differs radically from
the conditions under which CTLs are naturally activated
in human tumours. In fact TILs freshly isolated from
human tumours rarely exhibit antitumour CTL effector
function without stimulation in vitro.®

Apart from FasL, human tumours deploy many other
obstacles to antitumour immune responses, including: loss
of antigen presentation (via down-regulation of MHC com-
plex or peptide transporter proteins), loss of co-stimulatory
signals [via down-regulation of B7 or intercellular adhesion
molecule-1 (ICAM-1)] and expression of various immune-
suppressive molecules (including TGF-B, IL-10, amino
sugars and prostaglandins). For those antitumour CTLs
that manage to overcome such obstacles, FasL-mediated
‘counterattack’, or ‘suicide’ via AICD may well be the
end of the line.
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