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1. ABSTRACT
In addition to the full length mRNA,
activated human peripheral blood mononuclear cells
(PBMC) and T cell tumor lines express several
alternatively spliced Fas variants. At least five of
these code for soluble Fas (CD95) molecules. In vitro
studies suggest that these soluble Fas isoforms inhibit
apoptosis induced by agonistic antibodies and, more
importantly, by the natural Fas ligand in Fas-bearing
sensitive cells. Interestingly, this functional property
can be assigned to the first 49 amino acids of the
mature protein, the only region shared by the soluble
Fas molecules.

by triggering of specific cellular receptors such as the
tumor necrosis factor receptor type 1 (TNFR1) or
Fas/Apo-1. The Fas/Apo-1 molecule, also designated
as CD95, (4,5) belongs to the TNFR family (6). Fas
positive cells treated either with specific agonistic
antibodies (7,8) or following interaction with the
natural Fas ligand (FasL) (9-13) show the
characteristic morphologic features of cells
undergoing apoptosis (2,3).
Recent evidence suggests that dysregulation
of apoptosis contributes to the pathogenesis of several
human diseases including cancer, viral infections,
autoimmune diseases, neurodegenerative disorders,
and AIDS (Reviewed in Ref. 14).

2. INTRODUCTION
Development
and
homeostasis
of
multicellular organisms are controlled not only by cell
proliferation and differentiation but also by the
elimination of cells that are unnecessary or
deleterious. This is achieved by a process referred to
as programmed cell death or apoptosis (Reviewed in
Ref. 1). Apoptosis leads to chromatin condensation
and margination, nuclear fragmentation, cell
shrinkage, membrane blebbing and in the majority,
but not in all cells, enzymatic internucleosomal
fragmentation of nuclear DNA (2,3).

In the immune system, Fas and FasL are
involved in the down-regulation of immune reactions
as well as in T cell mediated cytotoxicity. (Reviewed
in Ref. 15). Spontaneous loss-of-function mutations
of Fas and FasL have been identified respectively in
lpr (16-20) and gld (12,13) mice. These mutations
cause the accumulation of activated lymphocytes in
tissues and accelerate the autoimmune disease
processes. Fas gene mutations associated with T cell
apoptosis defects have also been reported in children
with a rare autoimmune lymphoproliferative
syndrome (ALPS) (21,22).

Apoptosis is the result of an active cellular
response that can be elicited by a variety of stimuli
such as growth factor deprivation, a molecular
damage that does not cause severe loss of integrity, or

There is growing evidence that not all Fas
positive cells are susceptible to apoptosis induction.
Several mechanisms of Fas-mediated apoptosis
resistance have been postulated. These include a
defective expression of hematopoietic cell protein
tyrosine phosphatase (HCP) in lymphoid cells (23);
high expression of FAP-1, a protein tyrosine
phosphatase that associates with Fas (24); low
expression of bax-α, a bcl-2 family member (25);
mutations of the Fas gene in ALPS lymphocytes
(21,22) and expression of a truncated Fas receptor
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pointed out that there is no definitive proof that the
expression of the last two variants is strictly confined
to pathological situations.

lacking the intracellular death-signaling domain
(FasExo8Del) in tumor resistant clones (26, 27).
In addition to the above mechanisms, it
must be considered that Fas-mediated apoptosis
undoubtedly involves a delicate balance of
receptor/ligand interactions and that these may be
modulated by soluble proteins. In fact there is
accumulating evidence for the natural occurrence of
soluble forms of cell surface receptors produced
either by proteolytic cleavage of membrane-bound
receptors or by alternative splicing. In this article, we
summarize current knowledge on the human Fas
splicing variants that have so far been reported (2831). Next, we discuss the possible role of Fas soluble
isoforms in the physiological and pathological fine
tuning of apoptosis and consequently in the regulation
of the immune responses.

FasExo8Del has been reported in apoptosisresistant clones derived from a human lymphoma cell
line. This variant codes for a truncated Fas molecule
that lacks the intracellular death-signalling domain.
The involved mutation was identified as a deletioninsertion in the intron 7/Exon 8 region of the Fas
gene. Notably, this mutation affects the phenotype in
a dominant negative fashion, i.e. in the presence of
the normal receptor (26, 27).
FasExo3Del has been reported in a patient
with ALPS, in addition to normal-sized Fas mRNA
and to the previously described FasExo3,4Del. This
patient showed a mutation in the 5’ splice site of
intron 3 (22).

3.
HUMAN FAS SPLICING VARIANT
MRNAS IN ACTIVATED PBMC AND IN CELL
LINES

The human Fas isoforms so far described in
physiological or pathological conditions are
schematically represented in Fig. 1.

Our group and others have reported that
normal human PHA-activated lymphocytes express,
in addition to the full length mRNA, less abundant,
shorter Fas mRNA species (28-31). The genomic
intron/exon organization of the regions surrounding
the deleted sequences demonstrated that the
transcripts derive by alternative splicing of the Fas
gene. A more descriptive nomenclature of the Fas
variants has been proposed based on the Fas/Apo-1
gene structure (32, 33): FasExo6Del (previously
called FasTMDel, ref. 28,29); FasExo3,4Del
(previously called FasDel2, ref. 29), FasExo3,4,6Del
(previously called FasDel3, ref. 29); FasExo4Del and
FasExo4,6Del (30) and FasExo4,7Del (31). With the
exception of FasExo6Del, which is characterized by
an in frame deletion of exon 6, in all of these
variants, the deletions result in a different reading
frame with premature termination codons. Thus, the
variants should code for smaller mature Fas proteins
with a C-terminal end of 21 or 38 amino acids that
differ from those of the membrane-bound form of Fas
(29). Fas (CD95) is widely expressed on both
hematopoietic and non hematopoietic tumor cells (3437). Information on the expression of these splicing
variants is far from complete. Besides in PBMC,
several variants are known to be expressed in tumor
cells also. For example, FasExo6Del expression has
been reported in human hepatoma (38) and
osteosarcoma cells (39).

4.
SEVERAL FAS SPLICING VARIANTS
CODE FOR SOLUBLE FAS PROTEINS
Several of the variants depicted in Fig. 1
retain the hydrophobic leader peptide but lack the
hydrophobic transmembrane domain. This suggests
that they might be expressed as soluble forms and
secreted. Moreover they share the 5’ portion (exons 1
and 2) corresponding to the N-terminal 49 amino
acids of the mature protein. This may indicate that
this is a physiologically important domain and that, in
turn, these splicing variants must have some defined
functional activity. However, before considering this
possibility, it was important to demonstrate that these
mRNA variants could be translated as proteins and,
more importantly, that they could be secreted in the
extra-cellular fluid. This initially presented some
problems because several Fas monoclonal antibodies
i.e. CH-11 (Upstate Biotechnology Inc., Lake Placid,
NY) and DX2 (42) reacted with Fas and FasExo6Del
but did not react with the other variants (29). The
most likely explanation is that these antibodies must
recognise a sequence contained in exons 4 and/or 5,
since these are the only two extracytoplasmic regions
that are missing in all the Ab-negative variants. After
a rather extensive search, three antibodies, M24, M1
(43) and FasN18 (Santa Cruz, Biotechnology,CA)
which are capable of recognizing the 49 amino acids
at the N-terminal region were identified (30). A
sandwich ELISA using M24 and FasN18 antibodies
was used to detect the Fas variants in both cell lysates
and
supernatants
of
transfected
cells.

Two variants have been detected only in
pathological conditions and correspond to mutations
in splicing recognition sites. However, it must be
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Fig. 1 Schematic representation of human Fas cDNAs. A. The coding regions are represented as boxes. Sequences
generated by a different reading frame are indicated as open boxes (29). SP indicates signal peptide; TM indicates the
transmembrane region, and ST represents the signal transducing domain (40,41). Lines indicate untranslated regions.
Numbering is according to Itoh et al. (4). The coding regions corresponding to exons 1 to 9 are indicated.
Fas proteins were found to be present in the
supernatants at a concentration two orders of
magnitude higher than that found intracellularly,
suggesting that the Fas isoforms code for Fas soluble
proteins and that these are secreted by the cells and
accumulate in the medium (30).
5.
DO
MOLECULES
FUNCTION?

SOLUBLE
HAVE
A

1. Intrahepatic T lymphocytes in the mouse
have been shown to possess different sensitivity to
apoptosis according to the mRNA expression of a
soluble Fas isoform (Fas β) (44).
2. Sera of patients with systemic lupus
erithematosus (28) and sera of patients with different
high- and low-grade malignant B- and T-cell
leukemias and lymphomas (45) have been reported to
have an increased level of FasTMDel (FasExo6Del).

FAS
(SFAS)
BIOLOGICAL

As yet, there is no a definitive answer to
this question, but a number of considerations suggest
that this is at least a likely possibility. Evidence for a
biological effect of sFas derives from two sets of data.
A) In vivo observations of quantitative variations of
sFas under physiological and pathological conditions.

The results in the mouse system appear
clear-cut, except for the fact that they are limited to
RNA expression and lack data on Fas proteins. The
data concerning sera of autoimmune patients are more
open to criticism because the cells producing sFas
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Fig 2. Hypothetical models of apoptosis inhibition.

have not been characterized. Direct proof of a role of
sFas in those diseases remains to be established.
Moreover, the ELISA used in the above studies
detected only FasTMDel (FasExo6Del) but not the
other variants with deletions in the extracytoplasmic
regions. This problem can now be addressed by an
ELISA allowing the detection all Fas isoforms so far
identified (30). A correlation between the expression
pattern of the different sFas in human T cells and
sensitivity to apoptosis remains to be determined.
Preliminary data from our group show marked
qualitative and quantitative variations in the

contribution of each variant to the “soluble Fas-pool”
in different cell lines and in PBMC from different
individuals.
It will be interesting to test whether these
variations are associated with a differential regulation
of apoptosis.
B) In vitro apoptosis inhibition studies.
Antibody to Fas and recombinant soluble
FasL (rFasL) induce apoptosis in some tumor cell
lines (Reviewed in Ref. 15). Early observations of an
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apoptosis-inhibition function of sFas molecules were
based on Fas antibody- induced apoptosis that is far
from being a physiological mechanism (28, 29).
However several isoforms also block Fas activation
due to interaction with its natural ligand suggesting a
more likely potential regulatory function (30).
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The mechanism of the inhibitory effect is
still unknown. Following Fas/FasL interaction, the
signal is transmitted to the death domain and from
this to the apoptosis machinery. A necessary
requirement for this process is supposed to be the
trimerization of the Fas molecules, as suggested by
the homology to TNFα and TNFβ (46-50), the fact
that IgM anti-Fas antibodies have agonistic activities
(8) and the report that FasL forms homotrimers (51).
Based on these data, two models can be postulated,
called the “competition” model and the “inactive
heterotrimers” model. These are shown schematically
in Fig. 2.

7. REFERENCES
1. M. C. Raff: Social controls on cell survival and cell
death. Nature 356, 397-400 (1992)
2. J. F. Kerr, A. H. Wyllie & A. R. Currie:
Apoptosis: a basic biological phenomenon with wideranging implications in tissue kinetics. Br J Cancer
26, 239-57 (1972)
3. A. H. Willye, J. F. R. Kerr & A. R. Currie: Cell
death: the significance of apoptosis. Int Rev Cytol 68,
251-306 (1980)

The “competition” model assumes that sFas
molecules compete with Fas for binding. This
possibility is unlikely for Ab-induced apoptosis since
sFas isoforms, with the exception of FasExo6Del, are
not recognized by the CH-11 agonistic IgM Ab.
However, this possibility may be valid for FasLinduced apoptosis. In this case, this would imply
different mechanisms for apoptosis inhibition in the
two in vitro systems. In the “inactive heterotrimer”
model, we propose that the sFas forms are still able
to trimerize with Fas but that they are not able to
form active trimers because of the lack of other
domains including the death domain. As a
consequence, the signal provided by FasL or by Fas
antibody is prevented from reaching the inside of the
cell and results in inhibition of apoptosis. The fact
that all variants exhibit a marked inhibition points
toward the N-terminal domain as being responsible
for this effect. The “inactive heterotrimer” model,
even though more appealing is, at the present, only a
working hypothesis that may help to organize further
experimentation. A possible analogy with sFas
apoptosis inhibition can be found in the inhibition of
tyrosine kinase activity of the epidermal growth factor
receptor (EGFR). This growth factor receptor was
found to be regulated by a truncated receptor not by
simple competition for available EGF but by specific
association with the EGFR (52).

4. N. Itoh, S. Yonehara, A. Ishii, M. Yonehara, S.
Mizushima, M. Sameshima, A. Hase, Y. Seto & S.
Nagata: The polypeptide encoded by the cDNA for
human cell surface antigen Fas can mediate
apoptosis. Cell 66, 233-43 (1991)
5. A. Oehm, I. Berhmann, W. Falk, M. Pawlita, G.
Maier, C. Klas, M. Li-Weber, S. Richards, J. Dhein,
B. C. Trauth, H. Ponstingl & P. H. Krammer:
Purification and molecular cloning of the Apo-1 cell
surface antigen, a member of the tumor necrosis
factor/nerve growth factor receptor superfamily.
Sequence identity with the Fas antigen. J Biol Chem
267, 10709-15 (1992)
6. C. A. Smith, T. Farrah & R. G. Goodwin: The
TNF receptor superfamily of cellular and viral
proteins: activation, costimulation and death. Cell
76, 959-62 (1994)
7. B. C. Trauth, C. Klas, A. M. J. Peters, S. Matzuku,
P. Moller, W. Falk, K.- M. Debatin & P. H.
Krammer: Monoclonal antibody mediated tumor
regression by induction of apoptosis. Science 245,
301-5 (1989)
8. S. Yonehara, A. Ishii & M. Yonehara: A cell
killing monoclonal antibody (anti-Fas) to a cell
surface antigen co-downregulated with the receptor of
TNF. J Exp Med 169, 1747-56 (1989)

In conclusion, alternative splicing may be
an important event in the regulation of Fas/FasL
interaction and thus in the regulation of immune
responses by these receptor-ligand pairs. However
many important questions remain to be answered.
Interestingly, other apoptosis genes like Ich-1, an
Ice/ced3 related gene and bclx, a bcl2 related gene,
can be expressed as splicing variants that either
prevent or cause cell death depending on how the
mRNA
is
processed
(53,
54).

9. T. Suda & S. Nagata: Purification and
characterization of the Fas ligand that induces
apoptosis. J Exp Med 179, 873-9 (1994)
10. T. Suda, T. Takahashi, P. Golstein & S. Nagata:
Molecular cloning and expression of the Fas ligand, a
novel member of the TNF family. Cell 75, 1169-78
(1993)

16

Fas splicing variants

11. T. Takahashi, M. Tanaka, J. Inazawa, T. Abe, T.
Suda & S. Nagata: Human Fas ligand: gene structure,
chromosomal location and species specificity. Int
Immunol 6, 1567-74 (1994)

autoimmune lymphoproliferative syndrome. Cell 81,
935-46 (1995)
23. X. Su, T. Zhou, Z. Wang, P. Yang, R. S. Jope &
J. D. Mountz: Defective expression of hematopoietic
cell protein tyrosine phosphatase (HCP) in lymphoid
cells blocks Fas-mediated apoptosis. Immunity 2,
353-62 (1995)

12. T. Takahashi, M. Tanaka, C. I. Brannan, N. A.
Jenkins, N. G. Copeland, T. Suda & S. Nagata:
Generalized lymphoproliferative disease in mice,
caused by a point mutation in the Fas ligand. Cell 76,
969-76 (1994)

24. T. Sato, S. Irie, S. Kitada & J. C. Reed: FAP-1: a
protein tyrosine phosphatase that associates with Fas.
Science 268, 411-5 (1995)

13. D. H. Lynch, M. L. Watson, M. R. Alderson, P.
R. Baum, R. E. Miller, T. Tough, M. Gibson, T.
Davis-Smith, C. A. Smith, K. Hunter, D. Bhat, W.
Din, R. G. Goodwin & M. F. Seldin: The mouse Fas
ligand gene is mutated in gld mice and is part of a
TNF family gene cluster. Immunity 1, 131-6 (1994)

25. R. C. Bargou, P. T. Daniel, M. Y. Mapara, K.
Bommert, C. Wagener, B. Kallinich, H. D. Royer &
B. Dorken: Expression of the bcl-2 gene family in
normal and malignant breast tissue: low bax-α
expression in tumor cells correlates with resistance
towards apoptosis. Int J Cancer 60, 854-9 (1995)

14. C. B. Thompson: Apoptosis in the pathogenesis
and treatment of disease. Science 267, 1456-62
(1995)

26. I. Cascino, G. Papoff, R. De Maria, R. Testi & G.
Ruberti: Fas/Apo-1/CD95 receptor lacking the
intracytoplasmic signaling domain protects tumor
cells from Fas-mediated apoptosis. J Immunol 156,
13-17, (1996)

15. S. Nagata & P. Golstein: The Fas death factor.
Science 267, 1449-56 (1995)
16. R. Watanabe-Fukunaga, C. I. Brannan, N. G.
Copeland, N. A. Jenkins & S. Nagata:
Lymphoproliferation disorder in mice explained by
defects in Fas antigen that mediates apoptosis. Nature
356, 314-7 (1992)

27. M. G. Cifone, P. Roncaioli, R. De Maria, G.
Camarda, A. Santoni, G. Ruberti & R. Testi: Multiple
pathways originate at the Fas/Apo-1 (CD95) receptor:
sequential involvement of phosphatidylcholinespecific phospholipase C and acidic sphingomyelinase in the propagation of the apoptotic signal.
EMBO J 14, 5859-68 (1995).

17. M. Adachi, R. Watanabe-Fukunaga & S. Nagata:
Aberrant transcription caused by the insertion of an
early transposable element in an intron of the Fas
antigen gene of lpr mice. Proc Natl Acad Sci USA
90, 1756-60 (1993)

28. J. Cheng, T. Zhou, C. Liu, J. P. Shapiro, M. J.
Brauer, M. C. Kiefer, P. J. Barr & J. D. Mountz:
Protection from Fas-mediated apoptosis by a soluble
form of the Fas molecule. Science 263, 1759-62
(1994)

18. S. Kobayashi, T. Hirano, M. Kakinuma & T.
Uede: Transcriptional repression and differential
splicing of Fas mRNA by early transposon (ETn)
insertion in autoimmune lpr mice. Biochem Biophys
Res Commun 191, 617-24 (1993)

29. I. Cascino, G. Fiucci, G. Papoff & G. Ruberti:
Three functional soluble forms of the human
apoptosis-inducing Fas molecule are produced by
alternative splicing. J Immunol 154, 2706-13 (1995)

19. J. Wu, T. Zhou, J. He & J. D. Mountz:
Autoimmune disease in mice due to integration of an
endogenous retrovirus in an apoptosis gene. J Exp
Med 178, 461-8 (1993)

30. G. Papoff, I. Cascino, A. Eramo, G. Starace, D. H.
Lynch & G. Ruberti: An N-terminal domain shared by
Fas/Apo-1 (CD95) soluble variants prevents cell
death in vitro. (submitted)

20. B. J. L. Chu, J. Drappa, A. Parnassa & K. B.
Elkon: The defect in Fas mRNA expression in
MRL/lpr mice is associated with insertion of the
retrotrasposon ETn. J Exp Med 178, 723-30 (1993)

31. C. Liu, J. Cheng & J. D. Mountz: Differential
expression of human Fas mRNA species upon
peripheral blood mononuclear cell activation.
Biochem J 310, 957-63 (1995)

21. F. Rieux-Laucat, F. Le Deist, C. Hivroz, I. A. G.
Roberts, K-. M. Debatin, A. Fischer & J. P. de
Villartay: Mutations in Fas associated with human
lymphoproliferative syndrome and autoimmunity.
Science 268, 1347-9 (1995)

32. I. Behrmann, H. Walczak & P. H. Krammer:
Structure of the human APO-1 gene. Eur J Immunol
24, 3057-62 (1994)
33. J. Cheng, C. Liu, W. J. Koopman & J. D.
Mountz: Characterization of the human Fas gene.
Exon/Intron organization and promoter region. J
Immunol 154, 1239-45 (1995)

22. G. H. Fisher, F. J. Rosenberg, S. E. Straus, J. K.
Dale, L. A. Middelton, A. Y. Lin, W. Strober, M. J.
Lenardo & J. M. Puck: Dominant interfering Fas
gene mutations impair apoptosis in a human

17

Fas splicing variants

cell lines and increased serum levels in B- and T-cell
leukemias. Blood 85, 1562-9 (1995)

34. F. Leithauser, J. Dhein, G. Mechtersheimer, K.
Koretz, S. Brunderlein, C. Henne, A. Schmidt, K. -M.
Debatin, P. H. Krammer & P. Moller: Constitutive
and induced expression of APO-1, a new member of
the nerve growth factor/tumor necrosis factor receptor
superfamily, in normal and neoplastic cells. Lab
Invest 69, 415-29 (1993)

46. R. A. Smith & C. Baglioni: The active form of
tumor necrosis factor is a trimer. J Biol Chem 262,
6951-4 (1987)
47. M. J. Eck & S. R. Sprang: The structure of tumor
necrosis factor at 2.6 A resolution. J Biol Chem 264,
17595-605 (1989)

35. L. B. Owen-Schaub, R. Radinsky, E. Kruzel, K.
Berry & S. Yonehara: Anti-Fas mediated apoptosis in
nonhematopoietic tumors: neither Fas/Apo-1 nor bcl2 expression is predictive of biological
responsiveness. Cancer Res 54, 1580-6 (1994)

48. E. Y. Jones, D. I. Stuart & N. P. C. Walker:
Structure of tumor necrosis factor. Nature 338, 225-8
(1989)

36. M. Y. Mapara, R. Bargou, C. Zugck, H. Dohner,
F. Ustaoglu, R. R. Jonker, P. H. Krammer & B.
Dorken: APO-1 mediated apoptosis or proliferation in
human chronic B lymphocytic leukemia: correlation
with bcl-2 oncogene expression. Eur J Immunol 23,
702-8 (1993)

49. M. J. Eck, M. Ultsch, E. Rinderknecht, A. M.
deVos & S. R. Spring: The structure of human
lymphotoxin (tumor necrosis factor beta) at 1.9-A
resolution. J Biol Chem 267, 2119-22 (1992)
50. D. Banner, A. D’Arcy, W. Janes, R. Gentz, H-. J.
Schoenfeld, C. Broger, H. Loetscher & W. Lesslauer:
Crystal structure of the soluble human 55kd TNF
receptor-human TNFβ complex: implications for TNF
receptor activation. Cell 73, 431-45 (1993)

37. K. -M. Debatin, C. K. Goldman, T. A. Waldmann
& P. H. Krammer: APO-1 induced apoptosis of
leukemia cells from patients with adult T-cell
leukemia. Blood 81, 2972-7 (1993)

51. M. Tanaka, T. Suda, T. Takahashi & S. Nagata:
Expression of the functional soluble form of human
Fas ligand in activated lymphocytes. EMBO J 14,
1129-35 (1995)

38. G. Natoli, A. Ianni, A. Costanzo, G. De Petrillo, I.
Ilari, P. Chirillo, C. Balsano &M. Levrero: Resistance
to Fas-mediated apoptosis in human hepatoma cells.
Oncogene 11, 1157-64 (1995)

52. A. Basu, M. Raghmath, S. Bishayee & M. Das:
Inhibition of tyrosine kinase activity of the epidermal
growth factor (EGF) receptor by a truncated receptor
form that binds to EGF: role for interreceptor
interaction in kinase regulation. Mol Cell Biol 9, 6717 (1989)

39. L. B. Owen-Schaub, L. S. Angelo, R. Radinsky,
C. F. Ware, T. G. Gesner & D. P. Bartos: Soluble
Fas/Apo-1 in tumor cells: a potential regulator of
apoptosis. Cancer Letters 94, 1-8 (1995)
40. N. Itoh & S. Nagata: A novel protein domain
required for apoptosis. J Biol Chem 268, 10932-7
(1993)

53. L. Wang, M. Miura, L. Bergerou, H. Zhu & J.
Yuan: Ich-1, an Ice/ ced-3-related gene, encodes both
positive and negative regulators of programmed cell
death. Cell 78, 739-750 (1994)

41. L. A. Tartaglia, T. M. Ayres, G. H. W. Wong, D.
V. Goeddel: A novel domain within the 55 Kd TNF
receptor signals cell death. Cell 74, 845-53 (1993)

54. L. H. Boise, M. Gonzalez-Garcia, E. Postema, L.
Ding, T. Lindsten, L. A. Turka, X. Mao, G. Nunez &
C. B. Thompson : bcl-x, a bcl2-related gene that
functions as a dominant negative regulator of
apoptotic cell death. Cell 74, 597-608 (1993)

42. M. G. Cifone, R. De Maria, P. Roncaioli, M. R.
Rippo, M. Azuma, L. L. Lanier, A. Santoni & R.
Testi: Apoptotic signaling through CD95 (Fas/Apo-1)
activates an acidic sphingomyelinase. J Exp Med 180,
1547-52 (1994)
43. M. R. Alderson, T. W. Tough, S. Braddy, T.
Davis-Smith, E. Roux, K. Schooley, R. E. Miller &
D. H. Lynch: Regulation of apoptosis and T cell
activation by Fas-specific monoclonal antibodies. Int
Immunol 6, 1799-1806 (1994)
44. D. P. M. Hughes & I. N. Crispe: A Naturally
occurring soluble isoforms of murine Fas generated
by alternative splicing. J Exp Med 182, 1395-1401
(1995)
45. E. Knipping, K-. M. Debatin, K. Stricker, B.
Heilig, A. Eder & P. H. Krammer: Identification of
soluble APO-1 in supernatants of human B- and T-

18

