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FasR (Apo- 1 /CD95) is a cell surface receptor that
mediates apoptotic cell death upon engagement,
either by its natural ligand (FasL) or by agonistic,
anti-FasR monoclonal antibodies (1). Fas-medi-
ated apoptosis is involved in several regulatory
functions within the immune system, including
thymocyte clonal deletion and tolerance acquisi-
tion (2), T cell activation-induced cell death (3),
and immune response termination (4). FasL is
also a major mediator of T (5-7) and natural
killer (NK) (8) cell cytotoxicity, by inducing ap-
optosis in Fas-sensitive target cells.

As many lymphoid and nonlymphoid malig-
nancies express FasR, such tumors might be ex-
pected to be targets for FasL-mediated cytotoxic-
ity. Although early work showing mouse
xenograft tumor killing by anti-Fas, agonistic an-
tibody treatment suggested anti-tumor potential
(9-11), subsequently, many tumor cells have
been shown to be resistant to Fas-mediated ap-
optosis. Several molecular mechanisms of Fas
resistance have been elucidated.

Originally, FasL was thought to be expressed
only in cells of lymphoid/myeloid series-ini-
tially T (12) and subsequently NK (8) cells, B
(13) cells, and neutrophils (14). FasL was also
shown to be expressed in the cells of certain
organs, such as the eye (15) and testis (16),
where it mediates immune privilege by inducing
apoptosis in infiltrating proinflammatory immu-
nocytes.

A 'Fas counterattack" mechanism of im-
mune escape has emerged in colon (17), mela-
noma (18), and liver (19) cancer cells, which are
Fas-resistant but express FasL. Such tumor cells
resist the FasL assault from T cells but express
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their own FasL which may delete anti-tumor T
cells by Fas-mediated apoptosis (Fig. 1). Hence,
cancer cells can advance beyond the defensive
measure of Fas resistance, to the offensive ex-
pression of a lethal death signal to which cyto-
toxic T cells (CTL) are inherently sensitive: FasL.

Fas-RESISTANT TUMORS: WHY
THE Fas DEATH SIGNAL FAILS
Most studies of cell lines and freshly isolated
tumor cells of diverse lymphoid and nonlym-
phoid origin have revealed that most cancer cells
are resistant to Fas-mediated apoptosis (17,20-
29). In many instances, the counterpart normal
cell is Fas-sensitive, suggesting acquisition of Fas
resistance at some stage of the transformation
process. Molecular mechanisms of Fas resistance
in tumor cells have been identified at several
levels of Fas signal transduction.

Many cancer cells fail to receive the FasL
apoptotic signal due to deletion or down-regula-
tion of FasR (17-19,30), or expression of antag-
onistic soluble FasR lacking a transmembrane
domain (31-34). Lymphoma cells that have de-
leted the intracytoplasmic domain of FasR (35)
have been isolated, precluding functional inter-
action with the signal-transducing proteins that
normally associate with this domain, such as Fas-
associated death domain protein (FADD) (36),
receptor-interacting protein (RIP) (37), Fas-asso-
ciated factor-I (FAF-1) (38), and FADD-like in-
terleukin-l13 converting enzyme (FLICE) (39).
Some cancer cells have been found to express
high levels of proteins, such as Fas-associated
phosphatase-1 (FAP-1) (26,40) and sentrin (41),
which interact negatively with FasR.

Fas signaling involves sequential activation
of members of the interleukin- 1 ,B converting en-
zyme (ICE) family of cysteine proteases (42-44),
leading to an apoptotic proteolytic cascade.
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FIG. 1. The Fas counterattack
The cancer cell resists FasL-mediated T cell cytotox-
icity due to up-( T ) or down-( ) regulation or mu-
tation (X) of genes that regulate the Fas apoptotic
pathway, or to expression of soluble FasR (SolFasR).
The cancer cell counterattacks by expressing its own
FasL, which rapidly induces apoptosis in activated T
cells.

Down-regulation of ICE itself has been shown to
result in Fas resistance in breast carcinoma cells
(29) and the monoblastic leukemia cell line U937
(45). Fas sensitization of these cells in response
to interferon-y (IFN- y) was concomitant with
up-regulation of ICE.

The level of expression of hematopoietic cell
protein tyrosine phosphatase (HCP) correlated
with Fas sensitivity in 11 human and murine
lymphoid cancer cell lines (46). In the Fas-resis-
tant human T cell leukemic line MOLT-4, ex-

pression of recombinant HCP restored its sensi-
tivity to Fas.

In many cell types, interaction between the
related B cell lymphoma leukemia-2 (bcl-2) and
bcl-2 associated X (bax) proteins regulates re-

sponse to diverse apoptotic stimuli, including Fas
(47). The bcl-2:bax ratio acts as a molecular
rheostat controlling the cell's apoptotic propen-

sity. Up-regulation of the anti-apoptotic protein
bcl-2 has been found in many tumors and has
been implicated in Fas resistance in many cancer
cell lines (48,49). Conversely, underexpression
of its proapoptotic antagonist bax has been im-
plicated in the Fas resistance of breast cancers

(50). Fas sensitivity was restored to breast carci-
noma cell lines by transfection of the bax gene

(51).
Some studies show that tumor-suppressor

gene mutations may impair Fas signaling. Trans-
fection of functional wild-type p53 enhanced Fas
sensitivity in p53-mutant colon (52), small-cell

lung carcinoma, and erythroleukemia (53) cell
lines. Fas engagement results in activation of the
Ras oncoprotein in lymphoid cells, and a domi-
nant-negative mutant Ras inhibited Fas signaling
in these cells. The oncogenic fusion protein bcr-
abl expressed in chronic myelogenous leukemias
(CML) and the abl oncogene itself were shown to
be inhibitory to Fas-mediated apoptosis (54).

FROM THE DEFENSIVE TO THE
OFFENSIVE: FasL AND TUMOR
IMMUNE PRIVILEGE
A role for FasL as a mediator of immune privilege
was first demonstrated in two mouse organs: the
eye (15) and the testis (16). In both cases, FasL
expression was shown to cause apoptotic cell
death of any proinflammatory cells that infil-
trated these tissues. FasL's role in immune priv-
ilege at these sites was confirmed using mutant
FasR-negative lpr (lymphoproliferative) and
FasL-negative gld (generalized disease) mice. In
the lpr mouse, FasL expression in the retina
failed to preclude inflammatory infiltration by
Fas-insensitive lymphocytes. While FasL ex-
pressed in mouse Sertoli cells permitted trans-
plant of testis tissue to syngeneic and even allo-
geneic hosts, this immune privilege was lost
when testis from the gld mouse was transplanted
to syngeneic hosts. In addition, rodent pancreatic
islet allograft survival was shown to be enhanced
by cotransplantation with FasL-expressing testic-
ular cells (55) or myoblasts expressing recombi-
nant FasL (56). Corneal allograft survival also
depends on FasL expression (57).

In cancer, FasL expression was detected in
lymphomas and leukemias (58). This was not
unexpected since these malignancies are derived
from cells that normally express FasL upon acti-
vation. The possibility that FasL might be ex-
pressed by nonlymphoid tumors as a mediator of
immune escape was initially raised by the finding
that some colon cancer cell lines expressed FasL
(17). Subsequently, melanoma cell lines and
metastatic lesions (18), and hepatocellular carci-
nomas (19) were also reported to express FasL.
Elevated soluble FasL was immunologically de-
tected in the serum of one-third of malignant
melanoma patients. In all cases, evidence was
provided that the tumor-expressed FasL was
functional, as the tumor cells induced apoptosis
in Fas-sensitive, but not Fas-resistant, cocultured
lymphoid target cells.

Resistance to Fas-mediated apoptosis is a
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prerequisite to FasL expression by tumor cells, as
otherwise, autocrine cell suicide or juxtracrine
cell death would occur. In all the examined mel-
anoma and hepatocellular carcinoma tumors and
cell lines, FasR was either down-regulated or
absent. Although the colon cancer cell lines ex-
pressed abundant levels of FasR, they were re-
sistant to Fas due to signal transduction defects
(17).

Fas COUNTERATTACK IN TUMOR
IMMUNE PRIVILEGE: IN VIVO
EVIDENCE
In addition to the demonstration of Fas-mediated
killing of lymphocyte target cells by FasL-ex-
pressing tumor cells in vitro, apoptosis has also
been demonstrated in situ in regions containing
tumor-infiltrating lymphocytes (TIL) adjacent to
FasL-positive tumor cells in surgically resected
melanomas (18) and hepatocellular carcinomas
(19).

Experiments using a murine FasL-expressing
melanoma cell line injected into various murine
host strains provided evidence for a role for FasL
in delaying tumor rejection (18). When this cell
line was injected into syngeneic host mice, they
all developed palpable tumors. In syngeneic
hosts carrying the Fas lpr mutation, only half of
the mice showed tumors 6 days postinjection.
The syngeneic-lpr mice were more effective in
clearance of the FasL-positive tumor cells, osten-
sibly due to the insensitivity of their lymphocytes
to the tumor's FasL. Subsequent to Day 6, differ-
ences in tumor size became less pronounced be-
tween both groups of hosts, indicating that FasL-
positive tumor formation was delayed rather
than prevented in FasR-negative mice.

The FasL-positive murine melanoma cell line
also established tumors in an allogeneic host
strain, MRL. Five days postinjection, all MRL
mice had growing tumors, whereas 70% of
MRL-/pr mice were devoid of tumors. These re-
sults suggest that FasL contributed significantly
to the immune privilege of the melanoma tumor,
although other immune escape mechanisms al-
lowed the eventual establishment of tumors in
FasL-insensitive lpr mutant mice.

ATTACK-THE BEST FORM
OF DEFENSE?
Resistance to Fas alone is probably of limited
advantage to the development and growth of
tumors. Although some studies suggest a tumor-

suppressor role for FasR (59,60), evidence sug-
gests that perforin-based rather than FasL-medi-
ated T cell cytotoxicity is more important in anti-
tumor immune surveillance (61).

Molecular defects downstream in the Fas
pathway, however, may effect resistance to mul-
tiple inducers of apoptosis that share later steps
in apoptotic induction. The T cell cytotoxic pro-
teases granzyme A (62) and B (63) have been
found to have ICE-like activity. Cisplatin appears
to act through an ICE-dependent cell death path-
way (64). In the U937 leukemia cell line, IFN-,y
caused enhanced sensitivity to anti-tumor medi-
ators of apoptosis in addition to Fas, including
gamma-irradiation and the chemotherapeutic
agents etoposide and adriamycin (45). Hence,
apoptotic defects at or downstream from ICE
may mediate tumor resistance not only to T and
NK cells' principal cytotoxic armaments (FasL
and perforin-delivered granzymes) but also to
ICE-dependent chemotherapeutic drugs. Simi-
larly, up-regulation of bcl-2 (48,49,65) or its ho-
molog, bcl-xL (66,67), or down-regulation of bax
(51) has been found to confer tumor resistance
to multiple apoptotic inducers. Recent evidence
suggests that some cytotoxic drugs may act by
stimulation of autocrine or paracrine Fas-medi-
ated tumor cell apoptosis. Doxorubicin was
shown to up-regulate FasL in leukemic cell lines
(68) and bleomycin up-regulated both FasL and
FasR in the hepatoma cell line HepG2 (69). In
both cell types, drug-induced apoptosis was Fas-
mediated and apparently p53-dependent. Fas-
resistant cell lines were also drug-resistant.

As most tumor cells probably exhibit some
degree of susceptibility to cell-mediated cytotoxic
immune assaults (most tumor cells, for example,
are efficiently killed by lymphokine-activated
killer (LAK) cells in vitro [70]), expression of a
molecule that defuses anti-tumor immune chal-
lenge would conceptually be of immense advan-
tage to the tumor cell. FasL is such a molecule. As
an established mediator of immune privilege in
some normal tissues, growing evidence now sup-
ports its role as a mediator of immune privilege
in tumors of diverse origin. In addition, FasL
could theoretically facilitate the establishment of
tumors or tumor metastases in tissues where the
indigenous normal cells are themselves Fas-sen-
sitive. In this regard, it is of interest that one
FasL-expressing colon cancer cell line (SW620)
was derived from a lymph node metastasis (17).
Also, all melanoma metastases examined ex-
pressed FasL (18).
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THE Fas COUNTERATTACK: A
TARGET FOR CANCER THERAPY?
Disarming of the Fas counterattack may offer
potential as a goal for therapeutic intervention.
Although Fas sensitivity has been restored to
diverse cancer cell lines in vitro by transfection of
several genes, including FasR (71), HCP (46), ICE
(29), bax (51), and p53 (52,53), it is difficult to
envisage application of these approaches to ther-
apy at present. IFN--y administration might sen-
sitize some tumors to FasL (29,72,73). Regres-
sion of Fas-sensitive mouse xenograft tumors in
response to systemically infused agonistic anti-
FasR monoclonal antibodies (9,11,63) was
confounded by anti-FasR lethality to the liver
and other Fas-sensitive organs (74,75). Al-
though monoclonal antibodies are available
which block FasL function (58), tumor-target-
ing would probably be required for efficacy. An
alternative strategy may be to render patient
lymphocytes Fas-resistant. FasR-specific anti-
sense oligonucleotides were found to protect
Jurkat T cells from FasL expressed by colon
cancer cells in vitro (17), suggesting a potential
therapeutic application of antisense to FasR.
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