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Programmed cell death regulates a number of biological phenomena,
and the apoptotic signal must itself be tightly controlled to avoid
inappropriate cell death. We established a genetic screen to search for
molecules that inhibit the apoptotic signal from the Fas receptor. Here
we report the isolation of a gene, LFG, that protects cells uniquely
from Fas but not from the mechanistically related tumor necrosis
factor a death signal. LFG is widely distributed, but remarkably is
highly expressed in the hippocampus. LFG can bind to the Fas
receptor, but does not regulate Fas expression or interfere with
binding of an agonist antibody. Furthermore LFG does not inhibit
binding of FADD to Fas.

Apoptosis, or programmed cell death, is used in a number of
biological processes from modeling the embryo, regulating the

immune system, to tumor regression (1–4). Conversely, dysfunction
of this system has been implicated in oncogenesis, development of
autoimmunity and degenerative diseases. Intense study of this
process in the last few years has identified membrane-bound
receptors and their cognate ligands that together begin the program
that ultimately leads to cell death (5). One class of receptors falls
into the tumor necrosis factor (TNF) receptor superfamily of which
the Fas receptor (also called CD95 or Apo-1) is a member (6, 7).
This receptor has three cysteine-rich extracellular domains and an
intracellular death domain required for signaling (8). Ligation of
the receptor by its cognate ligand FasL (9) or an agonistic antibody
(10) leads to the recruitment of an adapter molecule FADDy
MORT-1 (11, 12). This interaction is mediated by a death domain
in FADDyMORT1 with the death domain of Fas. Additionally
FADDyMORT1 contains a death effector domain that recruits the
protease caspase-8 (also called FLICE, MACH, and Mch5) to this
signaling complex (13–15). This zymogen, through proximity with
other caspase-8 molecules, is cleaved, rendering it fully active, thus
beginning a protease cascade that leads to cell death (16). A
counterpoint to this death activation is inhibition of cell death. A
number of molecules have been identified that act on various
components in the pathway. These include a soluble form of Fas
(17) and a secreted decoy receptor that binds and competes for the
ligand (18). At the level of the receptor, adenoviral proteins E3
10.4Ky14.5K force endocytosis of Fas and other receptors, thus
protecting infected cells and aiding the virus to complete its life
cycle (19, 20). A group of proteins called FLIPs, which possess a
death effector domain, compete for the recruitment of FADDy
MORT1 and caspase-8 at the ligated receptor (21). An extension
to this control is the molecule toso (22) that induces c-FLIP
expression uniquely in hematopoietic lineages. Finally, a number of
molecules have been identified called inhibitors of apoptosis pro-
teins (23), a protein from the cowpox virus (crmA) (24), and
adenovirus (E3–14.7K) (25), all of which inhibit caspase activity.
The majority of these mechanisms inhibit the signal pathway
downstream of the receptor and hence will inhibit the death signal
from several receptors, i.e., Fas and TNF-a receptor.

In this study we report the cloning of a molecule that uniquely
inhibits death mediated by Fas, but not TNF-a receptor. The
cloning relies on a technology for stable gene transfer of represen-
tative cDNA libraries to diverse cell types. The high transfer
efficiencies enable genetic screens to identify cDNAs either by

complementation of mutant cell lines or by virtue of ectopic
expression.

Materials and Methods
cDNA and Library Construction. Total RNA was isolated from the
human lung fibroblast cell line MRC-5 (ATCC CCL-171) (26), and
poly(A)1 RNA was prepared and converted to double-stranded
DNA by using the Superscript Choice system (GIBCOyBRL)
according to the manufacturer’s instructions. Size-fractionated
cDNA species (.500 bp) was ligated into the retroviral vector
pCLMFG.MCS (N.S., M.J.S., and I.M.V., unpublished work). The
ligation was transformed into supercompetent DH10Ba Esche-
richia coli (GIBCOyBRL), which generated a cDNA library of 2 3
106 individual clones.

Retroviral Vector Generation. Fifteen micrograms of plasmid DNA
prepared from the pooled cDNA clones was transfected with 5 mg
of an expression vector for vesicular stomatitis virus G protein into
a cell line 293 gpybsr (N.S. and I.M.V., unpublished work). Forty-
eight hours later, supernatant containing the cDNA viral vectors
was recovered. The supernatant was used to infect 5 3 106 HeLa
cells and left for 24 hr, after which the media were replaced with a
second collection from the transfection for 24 hr.

Selection for Resistant Cells. A mouse anti-human Fas mAb, clone
CH-11 (10) (Kamiya Biomedical, Thousand Oaks, CA), was used
at a final concentration of 500 mgyml. The media were changed
every 3–4 days. After 1 week, the surviving clones were pooled into
one plate, and selection was maintained for an additional 15 days,
with a change of media every 3–4 days. After this time the surviving
pool was expanded in the presence of selection, and genomic DNA
was isolated.

Rescue of Complementing cDNA. PCR was performed by using the
TaqPlus Precision system (Stratagene). A cycle of 95°C for 30 sec,
58°C for 30 sec, and 72°C for 5 min was repeated 35 times. The
amplimers used were: forward, 59-TGCCGACCCCGGGGGTG-
GACCATCCTCTAGACTGCCATGG-39, and back, 59-CTGAT-
ATCCTGTCTTTAACAAATTGGACTAATCCGGATCC. The
most prominent PCR product was purified, cloned, and sequenced.
The cDNA was subcloned from this vector back into pCLMFG.
MCS in the sense orientation. Retrovirus was generated and used
for infection as described.

Northern Blot Analysis. Total RNA, 20 mg for HeLa cells and 10 mg
for MRC-5 cells, was separated on a 1% agarose-formaldehyde gel
and blotted onto Hybond-N filter (Amersham Pharmacia) accord-
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ing to standard protocols. A 560-bp 59 fragment of the LFG cDNA
(up to methione 179) was labeled with 32P-dCTP by using Mega-
Prime (Amersham Pharmacia) and hybridized to the filter in Rapid
Hybridization buffer (Amersham Pharmacia) according to the
manufacturer’s protocols. Filters of human mRNA from different
tissues and total RNA from human brain were purchased from
Invitrogen and probed as outlined.

Cell Death Assays. A total of 5 3 104 cellsywell of each cell line was
plated in triplicate onto 24-well dishes, and after 24 hr challenged
with mouse anti-human Fas mAb (CH11 at 500 mgyml). After 48
or 72 hr the media were aspirated, and the cells were washed twice
with PBS. The surviving, adherent cells were stained with 0.05%
crystal violet. The stain was eluted from the cells with 200 ml of
100% methanol, and 100 ml was aliquoted to a 96-well microtiter
plate and the absorbance was determined at 490 nm. The TNF-a
mediated apoptosis was done similarly by using 10 ngyml TNF-a
(Calbiochem) andyor cycloheximide (10 mgyml) but the cells were
fixed 24 hr after treatment.

Immunofluorescence and Biochemical Fractionation. The LFG coding
sequence was cloned in-frame and C terminal to sequences coding
for the myc-epitope that is reiterated six times (27). This six
myc-LFG was transfected into Hela cells on glass slides, and 48 hr
later was fixed in 3% paraformaldehyde and permeabilized in 0.5%
Triton X-100. A mouse mAb, 9E10 (28), was used as a primary
antibody (asites fluid diluted 1y2,000 incubated at 37°C for 20 min
in PBS). Secondary antibody was donkey anti-mouse IgG (Jackson
ImmunoResearch) conjugated to Texas red. Nuclei were stained
with 49,6-diamidino-2-phenylindole (0.5 mgyml). For the biochem-
ical fractionation 293 cells were transfected with 5 mg of expression
vectors for myc-LFG, human Fas, or human FADD. The latter two
plasmids were cotransfected with 5 mg of an expression plasmid for
crmA to prevent cell death. All transfection mixes were brought to
20 mg total DNA with pEGFP (CLONTECH). Forty-eight hours
after transfection the cells were lysed for 10 min on ice in 1.5 ml of
buffer A (10 mM Hepes-KOH, pH 7.9y1.5 mM MgCl2y10 mM
KCly0.5 mM DTTy0.2 mM PMSF). The nuclei were pelleted at
2,000 rpm for 10 min in a microfuge. The pellet was resuspended
in 1.5 ml of buffer C (20 mM Hepes, pH 7.9y25% glyceroly420 mM
NaCly1.5 mM MgCl2y0.2 mM EDTAy0.5 mM DTTy0.2 mM
PMSF) and incubated on ice for 20 min, and debris was pelleted at
13,000 rpm in a microfuge. The supernatant (nuclear fraction) was
transferred to a new tube. The supernatant from the buffer A lysis
was subjected to ultracentrifugation at 35,000 rpm in a SW60 rotor

for 30 min, and the supernatant (cytoplasmic fraction) was de-
canted from the pelleted membrane fraction. The pellet was
resuspended in 1.5 ml of RIPA buffer (0.15 mM NaCly0.05 mM
TriszHCl, pH 7.2y1% Triton X-100y1% sodium deoxycholatey
0.1% SDS) and briefly sonicated, and debris was pelleted. Fifty
microliters of each fraction was separated on a 12% PAGE gel and
subjected to immunoblot analysis using the mouse anti-myc anti-
body, a rabbit anti-Fas antibody (Santa Cruz Biotechnology), a
rabbit anti-c-jun antibody (Santa Cruz Biotechnology), a rabbit
anti-IkBa antibody (Santa Cruz Biotechnology), a mouse anti-
transferrin antibody (a gift from Cathy Charles, Salk Institute), and
a rabbit anti-calnexin antibody (a gift from Ari Helenius, Eidgenös-
siche Technische Hochschule, Zurich).

Immunoprecipitation and Immunoblot Analysis. Five micrograms of
expression plasmids for human Fas receptor, human TNF receptor
1 (TNFR1), or myc-LFG was transfected singly or in combination
into 293 cells. Five micrograms of an expression plasmid for crmA
was added to all transfections. The total plasmid concentration was
brought up to 20 mg with the plasmid pRK5. Forty-eight hours after
transfection the cells were lysed (in 20 mM TriszHCL, 1 mM CaCl2,
150 mM NaCl, 1% Triton X-100, and protease inhibitors) on ice for
45 min. Debris was pelleted in a microfuge at 13,000 rpm for 20 min,
and the supernatant was precleared with protein-G Sepharose
(Amersham Pharmacia) for 1 hr at 4°C. The protein-G beads were
pelleted, and rabbit anti-Fas (Santa Cruz Biotechnology), mouse
anti-TNFR1 (Biosource International, Camarillo, CA), or rabbit
anti-myc (Santa Cruz Biotechnology) was added to 200 mg of the
lysate, in a total of 500 ml of lysis buffer. These extracts were
incubated on ice for 1 hr, and then protein-G Sepharose was added
to bind the antibody complex for 1 hr at 4°C. The protein-G
Sepharose was pelleted and washed three times in wash buffer (20
mM TriszHCl, pH 8.0y150 mM NaCly0.5% NP-40yprotease inhib-
itors). After the final wash the beads were pelleted and resuspended
in 50 ml of sample buffer, and the immunoprecipitated proteins
were separated on a 12% PAGE gel and subjected to immunoblot
analysis, using the mouse anti-myc antibody as a probe. Analysis of
FADD binding to Fas was similarly done except the levels of
myc-LFG were varied as indicated.

Results
Cloning and Characterization of LFG. We generated a cDNA library
in a retroviral vector from a human lung fibroblast cell line, MRC-5.
This cell line is not sensitive to FasL, but, like many other cell lines,
is sensitive to the signal in the presence of the protein synthesis

Fig. 1. Sequence comparison and compo-
sition of the 316-aa LFG protein. Sequence
homology is illustrated for the most signif-
icant parts of the 516-aa rat glutamate
binding protein (rGBP; GenBank locus
S61973; amino acids 129–345 shown), C.
elegans ORFs (GenBank locus CEF40F9)
F40F9.2 (244 aa total, 25–244 shown) and
F40F9.1 (295 aa total, 77–295 shown), and a
203-aa Drosophila NMDA receptor-associ-
ated protein (GenBank locus DRONMDA;
1–203 shown). BLAST homology searches
(51) reveal highest homologies in the C ter-
minus of LFG (from amino acid 141). Iden-
tity scores are 50% for rGBP, 46% and 42%
for F40F9.2, and F40F9.1 respectively, and
42% for dNRAP.
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inhibitor cycloheximide (data not shown) (10). This observation
suggests the existence of a labile protein andyor the need for new
protein synthesis to protect cells from the Fas signal. Retroviral
vectors containing the cDNA library were generated and used to
transduce 5 3 106 HeLa cells. This cell line is sensitive to FasL or
agonist antibody in the absence of cycloheximide. The transduced
cells were maintained in the presence of a mouse anti-human Fas
agonistic antibody (CH11) to induce apoptosis through a Fas-
mediated cell death signal. The rationale for the experiment is that
a cell will survive this selection either because of the overexpression
or the ectopic expression of a cDNA provided by the retrovirus
vector. However, survival can be mediated by mutation or loss of
genes involved in the apoptotic pathway or up-regulation of a gene
that mediates survival. This latter phenomenon can account for the
residual survival of HeLa cells when challenged with the agonist
anti-Fas antibody (see HeLa cells in Fig. 2B). Genomic DNA was
prepared from the surviving pool of cells (HeLa FasR pool) and
used as a template to amplify cDNA inserts by PCR, using primers
straddling the cDNA cloning site in the retroviral vector. The most
prominent PCR product was cloned and subjected to sequence
analysis. Nucleotide sequence analysis of the cDNA clone revealed
a long ORF encoding a protein of 316 aa with a calculated

molecular mass of 34.6 kDa (Fig. 1). Sequence analysis of genomic
clones revealed the existence of an upstream stop codon in-frame
with the initiating methionine (data not shown), confirming that
this is the full-length protein. Homology search of the existing
databases revealed that this protein, which we designate as LFG (for
lifeguard) is the human homologue of a recently reported rat
protein, neural membrane protein 35 (NMP35) (29). This latter
protein was identified by using differential display to find genes that
are regulated during development of the rat sciatic nerve. However,
we demonstrate that although expression of the human gene is very
high in neural tissues it is not limited there. Hence we have
designated the name LFG to this gene to reflect its function. LFG
has significant homology in its C-terminal half to a rat glutamate
binding protein (30), the Drosophila NMDA receptor-associated
protein (31), and two Caenorhabditis elegans proteins of unknown
function (Fig. 1). Hydropathy plots predict that LFG is a seven-
membrane spanning protein. Indeed the PFAM program assigned it
to an uncharacterized protein family UPF005 whose members are
predicted to contain seven-membrane spanning domains and that
share a signature in the region beginning with the third spanning
domain and ending in the middle of the fourth (32).

We have determined the chromosomal localization of the LFG

Fig. 2. Ectopic expression of LFG in HeLa and Jurkat cells protect cells from Fas but not from TNF-a-mediated apoptosis. (A) Northern blot analysis for expression
of LFG after retroviral transduction. Two transcripts are detected because of a splice site in the retroviral vector. Total RNA was derived from the following cell
lines: MRC-5, HeLa, HeLa FasR pool (cells surviving the selection), and HeLa LTR-LFG (cells transduced with cDNA for LFG) and probed with the cDNA for LFG. (B)
LFG protects cells from Fas-mediated apoptosis. The indicated cell lines were challenged with mouse anti-human Fas antibody (CH11), and surviving cells were
monitored 48 hr and 72 hr later. Percent cell survival is expressed relative to cells that were not treated with anti-Fas antibody (mean 6 SD; n 5 3). (C) Jurkat
cells (human T cell line), Jurkats infected with a control virus LTR-GFL, and those transduced with a LFG retroviral vector, LTR-LFG, were challenged with CH11
antibody, and annexin V expression on the cell surface was measured over time. Cell survival is plotted as a percentage of untreated cells. (D) Expression of LFG
retards the kinetics of cell death by Fas. HeLa cells expressing LFG or control cells were challenged with cycloheximide (CHX) or the CH11 antibody and CHX.
Percentage cell survival is plotted relative to untreated cells (mean 6 SD; n 5 3). (E) LFG does not protect cells from TNF-a-mediated apoptosis. HeLa cells, HeLa
cells transduced with a control virus, or those expressing LFG were treated with cycloheximide (CHX) or TNF-a and CHX, and cell survival was measured 24 hr later.
Percentage of cell survival is expressed relative to untreated cells (mean 6 SD; n 5 3).
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gene by using a humanyrodent somatic hybrid panel. The result
showed that the LFG gene is localized on human chromosome 12
(NIGMS panel 2 from Coriell Cell repositories), which was con-
firmed by fluorescence in situ hybridization, and this subchromo-
somal analysis revealed it on 12q13 (Y. Kaneko, N.S., and I.M.V.,
unpublished data). This finding is also in agreement with the
designation of unidentified amplimer WI-15126, which is contained
in an expressed sequence tag of LFG by the Whitehead Institutey
Massachusetts Institute of Technology Center for Genome Re-
search.

LFG Affords Protection From Fas But Not TNFR1. To demonstrate the
role of LFG in protecting cells from Fas-induced apoptosis, HeLa
cells were transduced with a retroviral vector containing LFG
cDNA, LTR-LFG, and treated with the CH11 antibody. Northern
blot analysis of RNA from transduced cells show the expression of
LFG (Fig. 2A, lane 4), whereas expression was not observed in
untransduced cells (Fig. 2A, lane 2). LFG expression also was
detected in the HeLa FasR pool (Fig. 2A, lane 3), and Fig. 2A (lane
1) shows the expression level of LFG in MRC-5 cells. The relative
levels of LFG expression are difficult to quantitate, because
MRC-5, like other tissues, reveals three LFG transcripts. Quanti-
tation of the signal, taking into account loading and exposure times,
indicated that the HeLa FasR pool expresses equivalent levels of
LFG to MRC-5, whereas HeLa LTR-LFG expressed 2- to 3-fold
more. Fig. 2B shows cell survival after treatment with the CH11
agonistic antibody. HeLa cells and those infected with a control
virus (LFG insert in the reverse orientation, LTR-GFL) have 17%
and 29% cell survival, respectively, 72 hr after treatment, whereas
the FasR pool and HeLa cells infected with the LFG vector
(LTR-LFG) exhibit survival of 102% and 83%, respectively. Fur-
thermore, LFG can protect another cell type, a human Jurkat T cell
line, from Fas-mediated apoptosis. This cell line is exquisitely
sensitive to the Fas signal. No LFG transcripts were detected in
Jurkat cells by Northern blot analysis (data not shown). These cells
were infected with LFG retroviral vectors and treated with CH11,
and death was monitored by using annexin V as an early index of
apoptosis (33). As shown in Fig. 2C, about 50% of the cells infected
with LFG retroviral vectors were annexin V negative 20 hr after
treatment with CH11, and hence have not initiated apoptosis. Cells
transduced with the control retroviral vector (LTR-GFL) show
extensive cell death as do untransduced cells. Apoptosis in HeLa

cells treated with the agonist antibody is accelerated and more
complete on treatment with the antibody and cycloheximide (Fig.
2D). Because HeLa cells are relatively sensitive to Fas (e.g.,
compared with MRC-5 fibroblasts) this finding suggests that some
molecules andyor continued protein synthesis are still able to afford
some protection to HeLa cells. The kinetic synergism in killing is
retarded by expression of LFG in HeLa cells such that at the 10-hr
time point 24% of cells expressing LFG are viable compared with
2% of control cells. That the cells still die reflects either on the
stability of LFG or the need for continued synthesis of cofactors
needed by LFG to afford protection.

To determine whether LFG also protects cells from TNF-a-
mediated apoptosis, HeLa cells, control LTR-GFL cells, and HeLa
LTR-LFG cells were treated with TNF-a and cycloheximide. The
results showed that LFG did not affect the TNF-a mediated death
signal (Fig. 2E). This lack of protection by LFG also is observed for
the WEHI-13VAR (ref. 34; ATCC number CRL-2148) cell line
that is sensitive to TNF-a alone (data not shown). Furthermore,
protection was not afforded by LFG expression to apoptosis
mediated by the TNF-related apoptosis-inducing ligand TRAIL
(35) or the broad spectrum protein kinase inhibitor staurosporine
(data not shown).

Expression Pattern of LFG. The distribution of the LFG transcripts in
various human tissues was examined by Northern blot analysis. LFG
is expressed in most tissues except spleen and placenta (Fig. 3A).
Two major LFG transcripts of 1.3 kb and 4.4 kb were detected.
Further analysis has revealed that the 1.3-kb signal is generated by
two transcripts, close in size, that are generated by using an
alternative polyadenlyation signal but which code for the same
protein product. Similarly, sequence analysis of overlapping cDNA
clones that constitute the 4.4-kb transcripts revealed an identical
coding sequence to the 1.3-kb transcripts, with a large 59 untrans-
lated region (confirmed by expressed sequence tag KIAA0950,
GenBank accession no. AB023167). The expression levels of LFG
were extremely high in the brain. Dissection of the regions of the
brain show that the expression is distributed in all of the areas
examined (Fig. 3B). In situ hybridization analysis with a mouse
cDNA of LFG (N.S. & I.M.V., unpublished work) of mouse brain
sections (36) revealed LFG is expressed mostly in neurons, and the
highest expression was observed in the hippocampus (Fig. 3C).
Within the hippocampus, LFG expression is highest in CA3,

Fig. 3. Tissue distribution of LFG. (A) mRNA from
various human organs was analyzed for expression
of LFG by Northern blot analysis. (B) Total RNA from
various parts of a dissected human brain was ana-
lyzed for LFG expression by Northern blot analysis.
(C) In situ hybridization for the LFG transcripts in
mouse brain (Left) shown in dark field (37). (Right) A
higher magnification (335) of the hippocampus and
dentate gyrus (no counterstain). Greatest expression
occurs in the CA3 region.
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compared with CA2 and CA1 (on average 36 silver grains over CA3
pyramidal cells versus 26 grains over CA1 pyramidal cells). No cells
exhibiting glial cell morphology (cell body profile under 6 mm when
nucleus was visible with large amounts of condensed chromatin at
nuclear membrane) expressed LFG as assayed by significant silver
grain deposition over these nuclei.

To determine the cellular localization of LFG, HeLa cells were
transiently transfected with an amino-terminal myc epitope-tagged
LFG (myc-LFG) expression vector. Confocal microscopy reveals
LFG to be cytoplasmic (Fig. 4A) and predominantly membrane
associated, with peri-nuclear staining reminiscent of endoplasmic
reticulum and Golgi structures. Furthermore LFG distributed in
vesicles and at the cell membrane. Biochemical fractionation of 293
cells transfected with expression vectors for myc-LFG or human Fas
confirms that LFG is membrane associated (Fig. 4B).

LFG Interacts with Fas But Not TNF-a. The mechanism of Fas-
mediated apoptosis has been elucidated as recruitment of FADD
to ligated Fas receptor and subsequent activation of caspase-8. In
contrast apoptosis mediated by ligated TNF-a receptor involves the
ordered recruitment of TRADD, FADD, and caspase-8 (5). The
difference between the two, the adapter molecule TRADD, and
the inability of LFG to protect cells from TNF-a mediated death,
therefore places the action of LFG upstream of FADD, at Fas or
at the level of the FasyFADD complex. Hence we next investigated
whether LFG interacts with components of the Fas signaling
pathway. Fas and LFG can be coimmunoprecipitated after tran-
sient transfection. Immunoprecipitation and immunoblot analysis
revealed that anti-human Fas antibodies can coimmunoprecipitate
myc-LFG (Fig. 4C, lane 9), whereas no myc-LFG precipitated with
anti-human TNFR1 antibodies (Fig. 4C, lane 13), although these
are competent to immunoprecipitate the TNFR1-associated mol-
ecule TRADD (data not shown). Furthermore, LFG does not
immunoprecipitate FADD.

LFG Does Not Down-Regulate Fas Expression or FADD Binding. The
interaction of LFG with Fas suggests mechanisms such as down-
regulation of the Fas receptor, inhibition of ligand binding, or
inhibition of FADD binding to Fas. To investigate the first two of
these possibilities, control HeLa LTR-GFL cells or LFG expressing
HeLa cells were analyzed for Fas expression. In this study the
agonist antibody CH11 was bound to the cells and its binding was
assayed by fluorescence-activated cell sorting. The mean fluores-
cence is not altered between control HeLa cells and HeLa cells
expressing LFG (data not shown). This result eliminates the pos-
sible mechanism of receptor down-regulation or interference to
antibody binding, because the same agonist antibody that is used to
initiate cell death was used to determine receptor expression. The
third possibility is that of interference with FasyFADD association.
To examine this possibility we coimmunoprecipitated FADD with
anti-Fas antibodies in the presence of increasing amounts of LFG.
Increasing the expression levels of LFG (Fig. 5a) did not affect
expression of FADD (Fig. 5b) or affect the extent of coimmuno-
precipitation of FADD with anti-Fas antibodies (Fig. 5c). These
results eliminate some models that explain the specificity of LFG

Fig. 4. Myc-epitope-tagged LFG is membrane associated and interacts with Fas
receptor. (A) Confocal microcopy (363) of a HeLa cell transfected with an expres-
sion plasmid for six myc epitope tagged-LFG. (B) Subcellular fractionation of LFG.
293 cells transfected with myc-LFG, human Fas, human FADD, or mock trans-
fected (2) were separated into nuclear 1 endoplasmic reticulum (ER) and cyto-
plasmicandmembranefractions.Thefractionsthenwereprobedby immunoblot
analysis with antibodies to myc (to follow tagged LFG), human Fas receptor, c-jun
(a nuclear marker), IkBa (a cytoplasmic marker), transferrin receptor (ER and cell
membrane marker), and calnexin (ER marker). (C) Coimmunoprecipitation of LFG
with Fas. Expression plasmids for human Fas, human TNFR1, or myc-LFG were
transfected into 293 cells singly or in combination. Cell extracts from transfected
cells were immunoprecipitated with rabbit anti-myc, mouse anti-human Fas, or
mouse anti-TNFR1 antibodies. The precipitates were subjected to immunoblot
analysis with mouse anti-myc antibody.

Fig. 5. LFG does not affect FADD binding to Fas. Five micrograms of expression
plasmids for human Fas and human FADD and varying concentrations of myc-LFG
(indicated in mg) were transfected singly or in combination into 293 cells. Twenty
micrograms of cell extract was subjected to immunoblot analysis with either
mouse anti-myc (a) or mouse anti-human FADD (b). Two hundred micrograms of
extracts was immunoprecipitated with rabbit anti-human Fas antibody and an-
alyzed by immunoblot analysis with mouse anti-FADD antibodies (c).
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protection for Fas-mediated apoptosis and imply a novel mecha-
nism.

Discussion
We report here the cloning of a cDNA that uniquely protects cells
from Fas-mediated death. The mechanism of Fas-mediated cell
death has been elucidated as recruitment of FADD to ligated
receptor and subsequently caspase-8. In contrast apoptosis medi-
ated by ligated TNF-a receptor involves the ordered recruitment of
TRADD, FADD, and caspase-8 (5). The difference between the
two, the adapter molecule TRADD, and the inability of LFG to
protect cells from TNF-a-mediated death, places the action of LFG
upstream of FADD, at Fas, or at the level of the FasyFADD
complex.

Fas has been mainly characterized in the immune system and
liver and primarily is involved in regulating the immune response
(37) and the homeostasis of liver cell number (38). However, Fas
and FasL are detectable in other tissues, for example in the central
nervous system in normal (39) and brains suffering neurodegen-
eration (40), raising the possibility that Fas and its ligand have a role
in neurological diseases. Consistent with this observation is the high
expression of LFG in the brain. Interestingly expression of Fas and
FasL is observed in the hippocampus after a single injection of
NMDA (41). If transient exposure to NMDA results in transient
expression of Fas and FasL, it is tempting to speculate that LFG
protects cells from this situation where the cell death program

would be initiated and lead to subsequent neurodegeneration. In
this regard the most proximal inhibitor molecules in the pathway,
cFLIPS are not expressed in the brain (42–45).

The expression of LFG is seen in other tissues and is not
restricted to the brain. Interestingly, studies have identified situa-
tions where both Fas and FasL are expressed on the same cells or
in the same tissue without ensuing ‘‘suicide’’ or ‘‘fratricide’’ (46). It
has been shown that a number of tumor cells are resistant to
Fas-mediated cell death and may even express both Fas and FasL
(47). In these situations expression of LFG may in some part explain
the survival of these cells.

Pathologies implicated to involve chromosome 12q13 that may
have apoptosis as a component include leukemia (48), lipomas (49),
and Alzheimer’s disease (50). Finally, the expression and modula-
tion of LFG may be of practical therapeutic use, when protection
from Fas is required, while keeping the biological function of other
death receptors intact.
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