
Genetic deletion of faim reveals its role in modulating
c-FLIP expression during CD95-mediated apoptosis of
lymphocytes and hepatocytes
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Fas-apoptosis inhibitory molecule (FAIM) is inducibly expressed in B lymphocytes and had been shown to antagonize
Fas-mediated killing of B-cell lines in vitro. However, its mechanism and role in vivo are unknown. We have generated faim�/�

mice and found these mutants to be viable. In contrast to fas�/� mice, faim�/� mice have normal B- and T-cell populations.
However, faim�/� B cells and thymocytes show increased sensitivity to Fas-triggered apoptosis in vitro, and faim�/�mice suffer
greater mortality and exhibit exacerbated liver damage in response to Fas (CD95) engagement in vivo. The lack of FAIM results in
greater activation of caspase-8 and -3 in Fas-stimulated thymocytes. Detailed biochemical analyses further reveal the decreased
expression of c-FLIP(L) and c-FLIP(R) in faim�/� thymocytes and increased association of caspase-8 with Fas in Fas-activated
mutant cells. Decreased levels of c-FLIP(L) and c-FLIP(R) are also evident in faim�/� liver. Thus, FAIM plays a novel role in
modulating Fas-mediated apoptosis and acts through influencing the expression of c-FLIP and regulating the physical binding of
caspase-8 to Fas.
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CD95 or Fas (APO-1/TNFRSF6) is a member of the tumor
necrosis factor (TNF) receptor superfamily and is capable of
inducing apoptosis in a variety of cell-types.1,2 The physiolo-
gical ligand for Fas is CD178 (FasL), which is expressed
mainly by activated T cells.3 In mice, mutation in fas (lprmice)
or fasl (gld mice) leads to lymphoproliferation, the accumula-
tion of abnormal lymphocytes, autoantibody production, and
this ultimately results in systemic autoimmunity.3,4 Thus, Fas-
mediated apoptosis is critical for regulating the function and
homeostasis of lymphocytes.
Fas-signaling is triggered upon the binding of FasL, which

leads to the trimerization of Fas and the formation of the
downstream death-inducing signaling complex (DISC) that
comprises the cytosolic adapter protein FADD and procas-
pase-8.5 Procaspase-8 undergoes auto-cleavage to generate
active caspase-8, which in turn leads to the activation of
caspase-3 and execution of apoptosis. As apoptosis plays an
important role in physiology, its activation process must be
tightly regulated. Hence, other than activators, negative
regulators of Fas-signaling also exist. One of these inhibitors
of Fas-mediated apoptosis is the cellular FLICE-inhibitory
protein (c-FLIP) which is known to antagonize Fas-signaling by
interfering with the recruitment of procaspase-8 to the DISC.6

Fas-apoptosis inhibitorymolecule (FAIM)was also cloned as
an inducibly expressed, anti-apoptotic protein that antagonized
Fas-triggered cell death of B-cell lines in vitro.7 However, its

mode of action is unknown. FAIM is highly conserved in
evolution and widely expressed in all tissues although it bears
no homology to other known proteins.7 Although most tissues
express the short isoform of the protein (FAIM-S), neuronal
cells express both FAIM-S and a long isoform, FAIM-L.8

FAIM-S was shown to promote neurite outgrowth through
a mechanism involving NF-kB and Ras-ERK activation,8

whereas FAIM-L was demonstrated to protect neurons from
cell death in response to Fas and TNFR1 engagement.9

Apart from its role in protecting B-lymphocytes and
neuronal cells from death receptor-induced apoptosis,7,9

FAIM was also shown to improve the survival of HEK-293
cells in serum-free media10 and CHO cells in fed-batch
cultures.11 This suggests a potential application of FAIM in
biotechnology through its role in enhancing the longevity of
cell lines used for the production of biologics.
In this study, we examined the role of FAIM in vivo by

gene knockout in mice. We found faim�/� mice to be
viable. However, faim�/�B cells, thymocytes and hepatocytes
showed increased sensitivity to Fas-triggered apoptosis, and
faim�/� mice showed exacerbated lethality and liver damage
in response to Fas treatment in vivo. The lack of FAIM resulted
in increased activation of caspase-8 and -3 in thymocytes
upon Fas stimulation and this was probably due to the
decreased expression of c-FLIP and increased physical
association of caspase-8 with Fas in these mutant cells.
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Results

Normal B- and T-cell development in faim�/� mice. As
FAIM was shown to antagonize Fas-mediated killing of
B-cell lines in vitro,7 we were interested to determine its role
in vivo. We therefore inactivated faim by deleting its first two
exons and starting ATG codon in mouse embryonic stem
cells (Figure 1a). The deletion of faim was verified by
Southern blot and PCR analyses using targeted ES cells and
mouse tail DNA (Figure 1b and c). Western blot analyses
further confirmed that neither the long nor short isoform of
FAIM nor a truncated protein was detected in cell lysates
obtained from mutant thymus and cerebellum (Figure 1d
and e).
We found that faim�/� mice were viable and born in a

Mendelian ratio despite the ubiquitous expression of FAIM.
The life span of faim�/� mice was also normal as these mice
did not show early mortality. This indicates that FAIM is not
essential for mouse development or longevity.
As FAIM was highly expressed in spleen and thymus,7,8 we

characterized B- and T-cell development in faim�/� mice.
Flow cytometry analyses revealed that mutant mice had
normal B and T lymphopoiesis (Figure 2). The fractions of pro-
B/pre-B (B220þ IgM�), immature (B220þ IgMþ ) and mature

(B220highIgMþ ) B cells in the bone marrow of faim�/� mice
were indistinguishable from those found in age- and gender-
matched littermate controls (Figure 2a). Likewise, developing
thymocytes at different stages of maturation such as the
CD4/CD8 double-positive and single CD4þ or CD8þ cells
were equivalently represented in faim�/� and wild-type mice
(Figure 2b). Peripheral B- and T-cell populations in the spleen
and lymph nodes were also not perturbed in the absence of
FAIM. The fractions of CD19þ or B220þ IgMþ peripheral B
cells (Figure2c and d) or follicular (IgMþCD21intCD23þ ) and
marginal zone (IgMþCD21highCD23�) B cells (data not
shown) were comparable between wild-type and mutant
animals. There was also no abnormal or skewed development
of CD5þ B-1 cells in the peritoneal cavity of faim�/� mice
(data not shown). Detailed analyses also revealed no
differences in the composition or phenotype of peripheral
T cells as CD3þ or CD4þ and CD8þ T cells or CD4þ

CD25þCD62Lþ T-regulatory and CD4þCD44highCD62Llow

T-memory/effector cells were present in similar frequencies
and numbers in faim�/� and wild-type mice (Figure 2c, d and
data not shown).
As there was no gross alteration in the lymphoid popula-

tions in faim�/� mice, we examined the levels of serum
immunoglobulins in these animals by ELISA and found that
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they had equivalent amounts of IgM, IgG1, IgG2a and IgG3
antibodies compared with wild-type animals (data not shown).
Thus, the overall data indicated that FAIMwas dispensable for
the generation of B and T lymphocytes.

Faim�/� B cells are more susceptible to activation-
induced cell death. In the absence of a drastic phenotype
in faim�/� mice, we questioned whether FAIM played a role
in B-cell apoptosis as suggested by the overexpression
studies in cell lines.7 To address this, we purified splenic B
cells from wild-type and faim�/� mice and stimulated them
with anti-CD40 antibodies. This treatment resulted in the
expression of Fas in B cells and rendered them susceptible
to FasL-triggered apoptosis unless the cells received a signal
through the B-cell receptor (BCR).12,13 As shown in
Figure 3a, wild-type and faim�/� B cells, once activated by
CD40 engagement, were equally susceptible to apoptosis
and undergo cell death in a FasL dosage-dependent manner.
The addition of anti-IgM antibodies that stimulated the BCR,
to anti-CD40-treated wild-type B cells rendered these cells
resistant to Fas-mediated cell death as there was no

appreciable increase in the percentage of cells with DNA
fragmentation in the sample treated with FasL compared with
the untreated sample (37.9 versus 36.4%, Figure 3b). This
could partially be explained by the higher level of FAIM
expression that conferred a greater level of protection from
apoptosis in the anti-IgM-stimulated wild-type B-cell sample
(Figure 3c). By contrast, anti-IgM stimulation did not efficiently
protect anti-CD40-treated faim�/� B cells from FasL-triggered
apoptosis as there was a significant increase in the percent-
age of cells with DNA fragmentation in the FasL-treated
sample compared to the control (49.3 versus 35.8%). Hence,
FAIM plays a role in BCR-mediated protection of activated
primary B cells from Fas-induced cell death.

Thymocytes lacking FAIM show enhanced susceptibility
to Fas- but not dexamethasone-, c-irradiation- or TNF-a-
induced apoptosis. It was shown previously that CD4þ

CD8þ thymocytes were sensitive to Fas-mediated apop-
tosis.14 As FAIM was also highly expressed in thymus,7 we
examined if Fas-triggered apoptosis would be affected in
faim�/� thymocytes.
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As shown in Figure 4a, treatment of wild-type thymocytes
with FasL led to increased apoptosis of these cells over non-
treated control as therewas an increase in the proportion of cells
in sub-G1 and correspondingly, a decrease of cells in G1 phase
after 6h of stimulation. The same phenomenon was observed
with faim�/� thymocytes and more significantly, the proportion
of cells in sub-G1 phase in FasL-treated faim�/� sample was
much larger compared with similarly treated wild-type control.
Quantitative analysis shown in Figure 4b revealed that the

percentage of cells with DNA fragmentation during Fas-
mediated apoptosis was significantly increased in faim�/�

thymocytes compared with wild-type cells (76.1 versus
53.8%). These data indicate that thymocytes lacking FAIM
were also more susceptible to FasL-triggered apoptosis.
Thymocytes also undergo apoptosis in response to steroid,

radiation and TNF-a treatment.15,16 To determine if faim�/�

thymocytes would exhibit enhanced apoptosis to these
stimuli, we first separately treated wild-type and mutant
thymocytes with dexamethasone or subjected them to
g-irradiation. As shown in Figure 4c, faim�/� thymocytes did
not show enhanced apoptosis to these treatments when
compared with similarly treated wild-type control. Next, we
treated wild-type and faim�/� thymocytes with recombinant
TNF-a and again, there was no difference in the susceptibility
of these cells to TNF-a-induced apoptosis (Figure 4d). This
was further substantiated at the molecular level where wild-
type and faim�/� thymocytes showed a comparable level of
NFkB activation, as evident by the similar levels of NF-kB p65
phosphorylation and IkBa degradation in the wild-type and
mutant samples, upon TNF-a treatment (Figure 4e). Thus,
FAIM acts in a specific manner to protect thymocytes from
Fas-mediated but not dexamethasone- or g-irradiation or
TNF-a induced apoptosis.

Faim�/� thymocytes exhibited enhanced activation of
caspase-8 and -3 upon Fas engagement. Engagement of
Fas is known to activate the initiator caspase-8, and
subsequently, the executor caspase-3.17 To determine if
the enhanced susceptibility of faim�/� thymocytes to Fas-
mediated cell death could be correlated with known
molecular events in apoptosis, we directly assayed for the
activation of caspase-8 and caspase-3 in these cells. As
shown in Figure 5a, the cleaved form of caspase-8 was
increased in wild-type thymocytes after 6 h of FasL
stimulation. Consistent with the cellular data above, there
was a significantly greater level of caspase-8 activation in
faim�/� thymocytes that were stimulated for the same period
of time. As a consequence of the higher level of caspase-8
induction, the activation of caspase-3, as shown by the
presence of its cleaved form, was also enhanced in faim�/�

thymocytes. As a hallmark event of apoptosis, caspase-3-
mediated cleavage of poly (ADP-ribose) polymerase (PARP)
was also increased in faim�/� thymocytes compared with
wild-type cells after FasL treatment. The enhanced Fas-
mediated apoptosis and the higher induction of caspase-8
and caspase-3 activation in faim�/� thymocytes were not due
to altered cell surface expression of Fas as flow cytometry
analysis revealed no difference in Fas expression in wild-
type and faim�/� cells (data not shown). Thus, the data
indicate that FAIM plays an inhibitory role in Fas-triggered
apoptosis of thymocytes and in its absence, thymocytes
exhibit enhanced cell death with increased activation of
caspase-8 and caspase-3 in response to FasL treatment.

Impaired expression of c-FLIP(L) and c-FLIP(R) and
increased physical association of caspase-8 with
activated Fas in faim�/� thymocytes. The data above
suggested that the absence of FAIM led to a defect that was
downstream of Fas and resulted in an augmented activation of
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caspase-8 during Fas signaling. In an attempt to understand
the mechanism whereby FAIM could inhibit Fas-mediated
apoptosis, we examined the protein expression levels of
FADD, c-FLIP(L) (the long isoform of c-FLIP), c-FLIP(R) (the
short c-FLIP isoform expressed in mice18), Bcl-xL, XIAP and
caspase-8 in faim�/� thymocytes. Some of these molecules,
such as c-FLIP, FADD and caspase-8, are part of the DISC
and are known to physically associate with Fas.5 Western blot
analyses of whole-cell lysates indicated that there was no
significant difference in the expression level of Bcl-xL, XIAP,
FADD and caspase-8 between wild-type and faim�/� thymo-
cytes (Figure 5b). Interestingly, the amount of c-FLIP(L) and
c-FLIP(R) were significantly reduced in mutant thymocytes,
suggesting that the increased sensitivity of faim�/� thymocytes
to Fas-induced apoptosis could be due to a decreased
expression of c-FLIP.
It was previously shown that c-FLIP could interfere with the

recruitment of caspase-8 to the DISC6 and as caspase-8 could
physically associate with Fas,19 we wondered if the reduced
level of c-FLIP expression could affect the level of caspase-8
association with Fas upon its binding of FasL in faim�/�

thymocytes. We therefore immunoprecipitated Fas or caspase-
8 from FasL-treated wild-type and faim�/� thymocytes and
examined the amount of caspase-8 or Fas that was present,
respectively. We chose an early time point at 10min after
FasL treatment20 to examine the interaction between Fas and
caspase-8 in wild-type and faim�/� thymocytes. As shown
in Figure 5c, a greater amount of caspase-8 or Fas could be
co-immunoprecipitated with Fas or caspase-8, respectively in
FasL-treated faim�/� thymocytes compared with similarly
treated wild-type control. Taken together, the data suggested
that in the absence of FAIM there was a reduced expression of
c-FLIP(L) and c-FLIP(R) and this could result in greater physical
association of caspase-8 with Fas during activation, which in
turn could lead to the increased activation of caspases-8 and -3
and increased apoptosis in the mutant cells.

FAIM confers protection against Fas-induced liver
damage. We also tested the effect of a loss of FAIM at the
organism level by the in vivo administration of an agonistic
anti-Fas antibody, Jo2. This treatment will lead to acute
fulminant hepatitis, initiated as a result of the engagement
of Fas on hepatocytes, and will result in animal death within
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hours.21 We injected Jo2 antibodies into wild-type and faim�/�

mice and monitored their survival over a period of time. As
shown in Figure 6a, faim�/� mice succumbed to death rapidly
and within 7h of Jo2 injection, none of the animals survived. By
contrast, although wild-type mice were also susceptible to Fas-
induced death, their mortality rate was much lower and at the
7h time point, at least 50% of them survived.
Next, weexamined the livers of Jo2mAb-treatedmice andwe

chose the 2.5h post-injection time point for the inspection as it
was just before the occurrence of any death. As seen in
Figure 6b, the liver sample from Jo2-injected faim�/� mice
(n¼ 13) had already turned dark red at this time point, which
was indicative of wide-spread hemorrhage. By contrast, the liver
from wild-type mice (n¼ 16) did not show any color change at
this time point. Histological examination of liver sections further
revealed that extensive hepatic apoptosis and hemorrhage had
occurred in faim�/� but not wild-type mice (Figure 6c). And

consistent with the observation of massive liver destruction in
Jo2-injected faim�/� mice, there was also a significant increase
in the level of alanine aminotransferase (ALT) in the sera of
these mice compared to the sera of Jo2-injected wild-type or
non-injected wild-type and faim�/� mice (Figure 6d).
Similar to our study with faim�/� thymocytes (Figure 5b), we

also checked if the expression levels of various anti-apoptotic
molecules, such as c-FLIP(L), c-FLIP(R), Bcl-xL and XIAP
were perturbed in the mutant hepatocytes. As shown in
Figure 6e, both c-FLIP(L) and c-FLIP(R) but not Bcl-xL or
XIAP were reduced in faim�/� compared with wild-type liver
cells, suggesting that FAIM alsomodulates c-FLIP expression
level in hepatocytes.

Lack of increased c-FLIP expression upon BCR
engagement of CD40-activated faim�/� B cells. Given
that BCR engagement could induce FAIM expression,7 and
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lead to the protection of CD40-activated wildtype but not
faim�/� B cells from Fas-mediated apoptosis (Figure 3), and
FAIM appears to regulate c-FLIP expression in thymocytes

(Figure 5) and hepatocytes (Figure 6), we asked if c-FLIP
expression level was affected during BCR engagement of
CD40-activated faim�/� B cells. As shown in Figure 7, both
c-FLIP(L) and c-FLIP(R) expressions were increased in
wild-type B cells activated with anti-CD40 mAb followed by
concomitant treatment with anti-IgM antibody. By contrast,
CD40-activated faim�/� B cells did not show an increased
expression of c-FLIP(L) and c-FLIP(R) upon subsequent
BCR engagement, which correlated well with their
augmented apoptosis upon Fas treatment (Figure 3). At the
same time, we also examined the expression levels of
GADD45b, XIAP and Bcl-xL, which are known to play anti-
apoptotic roles in activated B cells,22–24 in wild-type and
faim�/� CD40-activated B cells upon BCR stimulation. As
shown in Figure 7, the expression level of GADD45b and
XIAP were not induced whereas a Bcl-xL expression was
similarly induced by a BCR engagement in wild-type and
faim�/� B cells. Taken together, these results suggest that
FAIM plays a specific role in the induction of c-FLIP during
BCR stimulation, which could act to protect CD40-activated B
cells from Fas-mediated apoptosis.

Discussion

We have inactivated the murine faim gene and found faim�/�

mice to be viable. The mutant mice also showed no gross
defect in B- and T-cell development. Thus, the phenotype of
faim�/� mice contrasted with other mouse mutants in
apoptosis such as fadd�/�, c-flip�/� and caspase8�/� mice,
which suffered from embryonic lethality25–28 and with fas�/�

mice which developed abnormal lymphoid populations and
autoimmunity.4

Although FAIM does not play a role in lymphoid cell
development, we show here that it does regulate the
apoptosis of lymphocytes triggered through Fas. In the
absence of FAIM, both B cells and thymocytes are more
susceptible to Fas-triggered cell death (Figures 3 and 4). In
addition, it appears that FAIM acts specifically in the Fas-
induced cell death pathway but not in apoptotic pathways
triggered by steroid, radiation or TNF-a treatment.
Biochemical analyses of Fas-triggered apoptosis of faim�/�

thymocytes indicate that the lack of FAIM leads to the enhanced
activation of caspases-8 and -3 (Figure 4). As caspase-8 is
part of the DISC, we have examined the expression of its
components and found no difference in the protein expression
level of Fas, FADD and caspase-8 in faim�/� thymocytes
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Figure 6 Enhanced sensitivity to Fas-induced lethality and liver failure in
faim�/� mice. (a) Survival curves of wiltype (n¼ 8) and faim�/� (n¼ 9) mice
injected i.p. with 10mg of an agonistic anti-Fas mAb (Jo2) indicated that death was
increased in the mutant compared with wild-type mice, P¼ 0.015 (w2 test).
Thorough analysis revealed no difference (P¼ 0.90, Student’s t-test) in body weight
between wild-type (21.90±1.48 g) and FAIM-deficient (21.76±1.29 g) mice. (b)
Macroscopic appearance of livers at 2.5 h after anti-Fas mAb injection. Wild-type
(n¼ 16) and faim�/� (n¼ 13) mice were injected with Jo2 mAb and were killed for
liver examination prior to the occurrence of death. (c) Representative hematoxylin–
eosin staining of liver sections at 2.5 h after anti-Fas mAb injection. (d) Serum levels
of ALT in wild-type (n¼ 12) and faim�/� (n¼ 15) mice at 2.5 h after PBS or anti-Fas
mAb injection, *P¼ 0.0097, (Two-side Student’s t-test). (e) Reduced c-FLIP(L) and
c-FLIP(R) expression in faim�/� liver sample. Anti-ERK2 blots were used as loading
controls. Data are representative of 4–8 independent experiments
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compared with wild-type control. Interestingly, the expression
level of c-FLIP(L) and c-FLIP(R) were verymuch reduced in the
mutant thymocytes. As c-FLIP plays an inhibitory role in Fas-
induced apoptosis, the reduced level of c-FLIP expression in
faim�/� thymocytes could partially explain the heightened
sensitivity of these mutant thymocytes to Fas-triggered
apoptosis. It has been well documented that c-FLIP antag-
onizes Fas-induced apoptosis by interferingwith the recruitment
of caspase-8 to the death receptor.6 Indeed, we found that the
amount of caspase-8 that could co-immunoprecipitate with Fas
was significantly increased upon Fas-activation in faim�/�

thymocytes compared with wild-type control (Figure 5). The
increased association of caspase-8 with Fas in faim�/�

thymocytes upon Fas-activation also helps to explain the
enhanced sensitivity of the mutant cells to Fas-triggered cell
death. Because the amount of caspase-8 that was associated
with Fas was found to be similar between wild-type and mutant
thymocytes before Fas engagement, but was increased in
mutant thymocytes upon Fas-activation, one could infer that
under normal physiological conditions FAIM could act to
modulate Fas-signaling by regulating c-FLIP expression and
controlling the amount of caspase-8 that could associate with
Fas. This arrangement serves to set a threshold for the full
activation of Fas and to prevent background or accidental
signaling that could lead to the irreversible state of apoptosis.
Our in vivo experiment suggested that besides lympho-

cytes, FAIM could also play a role in modulating the apoptosis
of other cell types such as hepatocytes. This was evident as
the in vivo administration of the agonistic anti-Fas antibody led
to massive liver damage and accelerated lethality in faim�/�

mice. Thus because of its protective role in the apoptosis of

liver cells, FAIM could serve as a possible therapeutic target
for the treatment of various forms of liver cirrhosis.
And consistent with our work on thymocytes, we also found

c-FLIP(L) and c-FLIP(R) expression levels to be perturbed in
faim�/� hepatocytes. This further strengthens the hypothesis
that a possible anti-apoptotic mechanism of FAIM is achieved
through its regulation of the expression level of c-FLIP. Indeed,
further experimentation also indicated that the protective effect
of BCR signaling against Fas-mediated apoptosis of CD40-
activated B cells is in part mediated through the upregulation of
FAIM and leading to the increased expression of c-FLIP(L) and
c-FLIP(R). Thus, the induction of FAIM and c-FLIP expressions
appear to be a common mechanism shared by hepatocytes,
thymocytes and B-lymphocytes in the protection against Fas-
mediated cell death.
Although we had shown that the expression level of FAIM

and c-FLIP correlated with the sensitivity of hepatocytes and
lymphocytes to Fas-mediated apoptosis, the finding that
faim�/� thymocytes behaved similarly to wild-type thymocytes
in their response to TNF-a induced apoptosis, which is also
caspase-8 dependent, suggests that other molecules in
addition to c-FLIP could also regulate the susceptibility of
wild-type and faim�/�cells to TNF-a triggered apoptosis.
FAIM is expressed in neurons and has been shown to

regulate neurite outgrowth8 and neuronal survival.9 It is
possible that FAIM could play a more critical role in the
nervous system and we are currently assessing its involve-
ment in Parkinson’s and Alzheimer’s diseases where massive
neuronal cell death is known to occur. The ability of FAIM to
induce neurite outgrowth in addition to its ability to enhance
neuronal survival also render it as an ideal therapeutic target
for these diseases.
Finally, because FAIM could confer resistance to Fas-

induced apoptosis of cells, its abnormal expression could
render survival advantage to cells and may lead to tumor
formation or autoimmunity. This possibility is also currently
under investigation.

Materials and Methods
Generation of faim�/� mice. The cDNA for murine faim was used to probe
mouse 129 genomic DNA library and this yielded a phage clone containing the first
three exons of faim. Restriction enzyme digestion, Southern blotting and DNA
sequencing were used to map the genomic locus. A targeting vector, designed to
replace the first two exons with a neomycin-resistant gene, was linearized and
transfected into E14.1 ES cells. G418-resistant cells were analyzed by Southern
blotting with a 30 external probe as indicated in Figure 1. Two homologous
recombinants were injected into C57BL/6 blastocysts to generate chimeric mice for
germline transmission of the inactivated allele. Mutant mice from two different ES cell
clones exhibited comparable phenotypes. Mice in our experiments have mixed 129
and C57BL/6 genetic background and were used according to national guidelines.

Flow cytometry analyses. Single-cell suspensions were obtained from
thymus, spleen, lymph nodes and bone marrow of mice as described earlier,29 and
stained with FITC-, PE- and biotin-conjugated antibodies to cell surface antigens.
Biotin-conjugated antibody staining was revealed by second step Strepavidin–
CyChrome staining. The following antibodies from BD Pharmingen (San Diego, CA,
USA) were used: anti-IgM (R6-60.2), anti-B220 (RA3-6B2), anti-CD3e (145-2C11),
anti-CD4 (L3T4), anti-CD5 (53–7.3), anti-CD8 (53–6.7), anti-CD19 (1D3), anti-CD21
(7G6), anti-CD23 (B3B4), anti-CD25 (7D4), anti-CD43 (S7), anti-CD44 (IM7) and
anti-CD62L (MEL-14). Data were collected on a FACScan (BD, Mountain View, CA,
USA) and analyzed using CellQuest software.
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Figure 7 Expression levels of various anti-apoptotic molecules in anti-CD40-
treated and anti-CD40 plus anti-IgM-treated wild-type and faim�/� B cells. Western
blot analysis showing c-FLIP(L), c-FLIP(R), GADD45b, Bcl-xL, and XIAP protein
expression in anti-CD40-activated wild-type B cells treated with anti-IgM antibody
over a non-treated control. The anti-ERK2 blot served as a loading control. Data
shown are representative of 3–4 independent experiments
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Fas-induced liver failure and histologic examination. Eight- to ten-
week old faim�/� and wild-type littermates with similar body weight were i.p. injected
with 10mg of anti-Fas (Jo-2) antibody (BD Pharmingen) in 200ml PBS. Mice were
either observed over a 10 h period for mortality or killed at matched time points for
histology. Liver samples were fixed at 4 1C in 4% paraformaldehyde for 24 h,
dehydrated and paraffin-embedded. Liver sections of 5-micron thickness were stained
with haematoxylin–eosin for histopathological evaluation of hepatic injury. Serum ALT
was detected using the method of Reitman and Frankel (Span Diagnostics, India).

Apoptosis assay. Apoptosis was determined by propidium iodide (PI) staining as
described by Nicoletti et al.30 Briefly, thymocytes were treated with FasL (10 ng/ml for
6 h), TNF-a (50 ng/ml with 100mM cycloheximide), DEX (1mM for 6 h) or g-irradiation for
indicated times and fixed in ethanol. After fixation, cells were washed and resuspended in
staining buffer (20mg/ml PI, 200mg/ml RNase and 0.1% Triton X-100 in PBS) for 1 h
before FACS analysis. Results were analyzed with WinMDI software version 2.8 (Joseph
Trotter, Scripps Research Institute). For B-cell apoptosis, cells were pre-activated with
anti-CD40 mAb (2mg/ml) for 48 h, followed by treatment with FasL for 6 h. In certain
experiments, anti-CD40-stimulated B cells were treated with anti-IgM antibodies
(10mg/ml) for 8 h prior to the addition of FasL.

Western blot analyses of protein expression. For Fas stimulation,
thymocytes were incubated with 10 ng/ml of Fas ligand (Alexis) at 37 1C for 6 h.
Whole-cell extracts were prepared using lysis buffer (10 mM Tris-HCl, pH
8.0, 150 mM NaCl, 1 mM EDTA, 1% Igepal CA-630, 0.2 mM Na3VO4 and
a Protease Inhibitor Cocktail (Roche)). Protein concentration was measured by a
colorimetric assay (Bio-Rad) and equal amount of proteins were loaded onto
SDS gels. After transfer to PVDF membranes, the proteins were probed with
primary antibodies (1mg/ml), followed by horseradish peroxidase-conjugated
secondary antibodies, washed and visualized with SuperSignal West Pico/Dura
chemiluminescent substrate (Pierce). The blots were reprobed with an ERK2-
specific antibody to provide loading control. Antibodies used were as follows:
from Santa Cruz: rabbit anti-ERK2 (C-14), mouse anti-caspase-8 p20 (D-8), rabbit
anti-PARP (H250), rabbit anti-FADD (H181), rabbit anti-c-FLIPS/L (H202), rabbit
anti-XIAP (H-202), rabbit anti-Bcl-xS/L (M-125), rabbit anti-IkB-a (C-21), rabbit anti-
GADD45 b (H-70) and rabbit anti-FAS (M-20); from Cell Signaling: rabbit anti-
cleaved caspase-3 (Asp175) antibody and rabbit anti-phospho-NF-kappa B p65
(ser536)(93H1). The FAIM rabbit polyclonal antibody was raised in-house against
the full-length protein of mouse FAIM.

Immunoprecipitation. For immunoprecipitation studies, anti-Fas antibody or
anti-caspase-8 antibody was coupled to Protein A/G Plus-Agarose (Santa Cruz) at
4 1C overnight. The beads were washed three times in lysis buffer and incubated
with pre-cleared total cell lysates of untreated or FasL-treated samples overnight at
4 1C. Subsequently, the beads were washed three times in lysis buffer and boiled
in loading buffer for 5 min. Released proteins were resolved in 10% SDS-
polyacrylamide gel and blotted onto polyvinylidene difluoride membranes. The
membranes were first probed with anti-caspase-8 or anti-Fas antibody and
subsequently with the immunoprecipitating antibodies.

Statistical analysis. All experiments were performed at least three times. Data
are presented as mean±S.E.M. Statistical comparison of the data was performed
using Student’s t-test. Group difference with Po0.05 was considered statistically
significant. The survival curve obtained from the Kaplan–Meier procedure was
analysed using w2 test, and Po0.05 was considered statistically significant.
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