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Abstract
A20 zinc finger protein is a negative regulator of tumor
necrosis factor (TNF)-induced signaling pathways leading to
apoptosis, stress response and inflammation. A20 has been
shown to bind to TNF-receptor-associated factor 2 (TRAF2)
and 14-3-3 chaperone proteins. Our data indicate that the zinc
finger domain of A20 is sufficient and that neither TRAF2 nor
14-3-3 binding is necessary for the inhibitory effects of A20.
Mutations in the 14-3-3 binding site of A20 did, however, result
in a partial cleavage of A20 protein suggesting that 14-3-3
chaperone proteins may stabilize A20. Furthermore, we show
that A20 acts early in TNF-induced signaling cascades
blocking both TNF-induced rapid activation of c-Jun N-
terminal kinase and processing of the receptor-associated
caspase-8. Takentogetherourdata indicate that thezinc finger
domain of A20 contains all necessary functional domains
required for the inhibition of TNF signaling and that A20 may
function at the level of the receptor signaling complex. Cell
Death and Differentiation (2001) 8, 265 ± 272.
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Introduction

Tumor necrosis factor (TNF) is a multifunctional cytokine
that can elicit several biological responses including
apoptosis, inflammation and stress response.1 ± 3 The

numerous biological effects of TNF are signaled via two
distinct cell surface receptors, TNF-R1 and TNF-R2, the
former being the major signaling receptor in most cells.
Trimerization of TNF-R1 by TNF trimer leads to the
trimerization of intracellular death domains of the receptor
and their subsequent binding to other intracellular death
domain containing proteins. The TNF-R1 death domain first
binds to TNF-R1-associated death domain protein
(TRADD), which serves as a platform for at least three
adapter proteins activating three distinct signaling path-
ways.4,5 The apoptotic signal is initiated by binding of
TRADD to the Fas-associated death domain protein
(FADD).4 FADD in turn recruits a cysteine protease,
caspase-8, to the receptor complex, where caspase-8 is
activated possibly by proteolytic cleavage mediated by
itself.6,7 In addition to FADD, TRADD also recruits a serine/
threonine kinase named receptor interacting protein (RIP)
and TNF-R-associated factor 2 (TRAF2), both of which are
implicated in the activation of nuclear factor kappa B (NF-
kB) and c-Jun N-terminal kinases (JNK, also known as
stress-activated protein kinases), RIP being crucial for the
activation of NF-kB and TRAF2 for that of JNK.4,8,9 the role
of JNK pathway in apoptosis signaling is still controversial.
Based on results obtained with inactivated upstream
kinases as well as with a dominant negative mutant of a
JNK substrate, c-Jun, the JNK pathway leading to the
activation of activator protein 1 (AP-1) has been suggested
to be essential for TNF- and stress-induced apoptosis.10,11

Other results argue, however, that TNF-induced activation
of JNK is not linked to the apoptotic pathway.12,13

Interestingly, the most recent experiments employing
JNK-1/JNK-2 double knockout mice suggest that the effect
of these kinases on developmental apoptosis can be either
enhancing or inhibiting depending on the cell type.14 Even
though it is best known as the major activator of several
pro-inflammatory genes,15 also NF-kB influences the
apoptotic pathway with profound protective effects against
TNF- and chemotherapy-induced cell death.16 ± 18

A20 is a primary response gene that encodes an
80 kDa protein, whose C-terminus consists of seven
Cys2/Cys2 zinc fingers.19,20 A20 effectively inhibits TNF-
and interleukin-1b (IL-1b)-induced apoptosis as well as
activation of NF-kB and AP-1 transcription factors.21 ± 25

As the expression of A20 is upregulated by inflammatory
cytokines TNF and IL-1b, its ability to shut down
signaling from their receptors may serve an important
function in negative feedback regulation of inflammatory
processes. Indeed, mice deficient for A20 die prema-
turely due to severe inflammation and cachexia and are
hypersensitive to TNF.26 Furthermore, A20 expression in
human tumors has been suggested to be linked to
enhanced tumorigenesis via resistance to apoptosis.20,27
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A20 binds to TRAF2 involved in TNF-induced activation
of NF-kB and AP-1 and to TRAF6 implicated in the IL-1-
induced activation of these transcription factors.4,24,28,29

Yeast two-hybrid studies have also revealed binding of
A20 zinc finger domain to 14-3-3 chaperone proteins,
whose expression alters the distribution of A20 in the
cytosol from punctuate to diffuse pattern.30 Ubiquitously
expressed 14-3-3 proteins bind to several other signaling
molecules and may regulate their activities in a
phosphorylation-dependent manner.31 For example, the
binding of 14-3-3 to phosphorylated Bad or the Forkhead
transcription factor inhibits their pro-apoptotic functions
suggesting a role for 14-3-3 protein interactions in the
regulation of apoptosis.32,33 Binding of neither TRAF2
nor 14-3-3 to A20 is required for the A20-mediated
inhibition of NF-kB activation,34 but their role in the A20-
associated regulation of apoptosis and stress response
has not been studied.

We studied the mechanism of action of A20 by
introducing A20 cDNA and its mutants lacking either
most of the zinc finger domain, TRAF2-binding domain or
14-3-3 binding domain into MCF-7S1 breast cancer cells.
These cells express undetectable levels of endogenous
A20 and respond to TNF treatment by activation of NF-
kB and AP-1 followed by apoptosis allowing us to
compare the effects of A20 and its mutants on various
TNF-induced signaling pathways.21,22 Our results show
that A20 inhibits TNF-induced apoptosis already at the
level of caspase-8 processing. Also the inhibition of TNF-
induced stress response occurs early, as A20 inhibits the
rapid activation of JNK responsible for the activation of
AP-1. Furthermore, our data show that the C-terminal zinc
finger domain of A20 is sufficient not only for the
inhibition of NF-kB activation but also for the inhibition
of apoptosis and JNK activation, and that the binding of
A20 to 14-3-3 proteins is not required for any of these
functions of A20.

Results

The zinc ®nger domain of A20 protein is suf®cient
to inhibit TNF-induced apoptosis

To determine which domain of A20 protein is necessary for its
inhibitory functions, we introduced cDNAs encoding for the
wild type A20 (wtA20), N-terminus of A20 containing the
TRAF2 binding domain, but lacking most of the zinc finger
domain (A20-N), C-terminus of A20 containing the complete
zinc finger domain, but lacking the TRAF2 binding domain
(A20-C) and A20 lacking the middle part of the (A20-DM) into
MCF-7S1 cells. All cDNAs were cloned into pZEM-neo
expression vector downstream of metallothionine promoter.
The pooled populations of transfected MCF-7S1 cells (neo,
wtA20, A20-N and A20-C) as well as successfully transfected
single cell clones (neo-1, neo-2, wtA20-4, wtA20-8, A20-N-26,
A20-N-31, A20-C-1 and A20-C-4) were cultured with or
without 10 mM CdCl2 and analyzed for the expression of
A20 protein. As shown in Figure 1, both pooled populations
and single cell clones transfected with wtA20, A20-N or A20-C
expressed detectable levels of transfected proteins of
expected sizes even in the absence of CdCl2, indicating that
the metallothionene promoter is leaky in MCF-7 cells. The
expression levels could, however, be slightly increased by
CdCl2 treatment. In spite of several attempts, we failed to
express detectable levels of the A20-DM mutant in MCF-7S1
cells.

As we have shown earlier with independent transfec-
tants,22 single cell clones of MCF-7S1 cells constitutively
overexpressing wtA20 were clearly protected from TNF-
induced cell death (Figure 2A). To avoid misinterpretations
of the data due to possible clonal variation among the
single cell clones, we next tested whether pooled
populations of transfectants could be used to study the
effects of A20 and its mutants on TNF signaling. As shown
in Figure 2B, the pooled population of MCF-7S1 cells
expressing wtA20 was significantly protected from cell

Figure 1 Expression of A20 protein and its mutants in MCF-7S1 cells. MCF-7S1 cells were transfected with empty pZEM-Neo vector (neo) or pZEM-Neo encoding
wild type A20 (wtA20), N-terminal half of A20 (A20-N), C-terminal half of A20 (A20-C) and A20 lacking the middle part of protein (A20-DM). Shown are pooled
populations (A) and single cell clones (B ± D). Cells were left untreated (7) or treated (+) with 10 mM CdCl2 for 6 h before preparations of cell lysates. Proteins from
approximately 7.56105 cells were analyzed using an anti-FLAG antibody (M2) and ECL Western blot analysis system. The migration of molecular weight markers
is indicated on the left and that of wtA20 (wt), A20-N (N) and A20-C (C) on the right
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death induced by TNF (P50.01). Next we studied the TNF
sensitivity of pooled populations and single cell clones
expressing the mutant A20 proteins. In both cases the zinc
finger domain of A20 (A20-C) protected MCF-7S1 cells
from TNF-induced apoptosis (P50.05). Furthermore, the
clear CdCl2-induced increase in A20-C expression seen in
MCF-A20-C-1 cells (Figure 1C) was associated with
increased protection from TNF (P50.05). Both pooled
populations and single cell clones of MCF-7S1 cells
expressing high levels of A20-N were as sensitive to TNF
as vector-transfected control cells and their sensitivity was
not affected by CdCl2 treatment (Figure 2).

A20 inhibits JNK activation even in the absence of
the TRAF2 binding domain

We have earlier shown that A20 inhibits TNF-induced
activation of AP-1.22 To study at which step of the signaling
cascade this inhibition occurs, we studied the effect of A20
expression on TNF-induced activation of JNK by a solid-
phase kinase assay. Interestingly, wtA20 clearly inhibited
this early event of the AP-1 activation pathway (Figure 2C).
TRAF2 is critical for the TNF-induced activation of JNK.8

Thus, it was interesting to study whether the reported
binding of A20 to TRAF2 is necessary for the A20-mediated
inhibition of JNK activation.24 Surprisingly, the A20-C
lacking the TRAF2 binding domain inhibited TNF-induced
JNK activation as effectively as wtA20, whereas A20-N
containing the TRAF2 binding domain, but lacking the zinc
finger domain was without an effect (Figure 2C). As
reported earlier in other cell types, TNF- and IL-1b-induced
activation of NF-kB-like transcription factors was also
effectively inhibited by overexpression of wtA20 and the
C-terminal zinc finger domain of A20, whereas the N-
terminal domain of A20 failed to show any inhibitory activity
(Figure 2D). Taken together these data indicate that the C-
terminal zinc finger domain is sufficient to mediate all
inhibitory activities of TNF and that the binding of TRAF2 is
not necessary for the function of A20.

Binding of 14-3-3 to A20 stabilizes A20 but is not
necessary for the A20-mediated inhibition of TNF
signaling

14-3-3 chaperone proteins bind to the phosphoserine residue
in the RSKpSDP sequence of A20 located between zinc
fingers 3 and 4.34 To investigate the possible effects of this
binding on the activity of A20 we mutated the A20 14-3-3
binding site by changing the crucial serine-565 to arginine
(A20-S565R). A mutation of serine-565 has recently been
shown to completely inhibit the binding of A20 to 14-3-3.34 As

Figure 2 The zinc finger domain of A20 is sufficient for A20-mediated
inhibition of TNF-induced cell death (A,B), JNK activation (C) and NF-kB
activation (D). (A,B) Approximately 3500 cells/well were plated on 96-well
plate and 1 day later 5 ng/ml of TNF was added. The percentage of surviving
cells was analyzed by MTT assay after 72-h treatment. When indicated cells
were treated with 10 mM CdCl2 for 6 h before the addition of TNF. The values
represent means of three independent triplicate experiments+S.D. (C) Cells
were left untreated (control) or treated with 10 ng/ml TNF for 30 min prior to
harvesting and measuring the JNK activity using a solid-phase kinase assay.
Phosphorylated GST-c-jun was quantitated by phosphorimager and the TNF-

induced JNK activity is expressed as fold induction (FI) as compared to control
cells. The values represent means of three independent experiments+S.D.
(D) Cells were transiently transfected with p3K-INF-LUC and pEBS7-b-Gal
and 48 h later left untreated (control) or stimulated for 4 h with 1 ng/ml of TNF or
IL-1b. NF-kB activity is expressed as arbitrary units (AU) of luciferase activity
relative to b-galactosidase activity (measure of transfection efficiency). The
values represent means of a duplicate experiment. Experiment was repeated
twice with essentially same results
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shown in Figure 3, A20-S565R could be constitutively
expressed in high levels in MCF-7S1 cells. In addition to the
full length 80 kDa A20 protein, transfected cells expressing
this mutant of A20 protein contained high levels of an
approximately 45 kDa N-terminal cleavage product of A20
absent in cells expressing the wtA20. This finding suggests
that the binding of A20 to 14-3-3 may protect it from
proteolysis. Treatment of MCF-A20-S565R cells for 24 h
with pan-caspase and cathepsin inhibitor z-VAD-fmk
(100 mM), caspase-3-inhibitor DEVD-aldehyde (100 mM),

cysteine cathepsin, calpain and proteosome inhibitor ALLN
(100 mM), or cathepsin B inhibitor CA-074-Me (10 mM) had no
effect on the cleavage of A20-S565R indicating that it is not a
substrate for apoptosis-associated cysteine proteases or
proteosome (data not shown). By comparing the effect of
A20-S565R to that of the wtA20 we then showed that they
were almost equally effective in inhibiting TNF-induced cell
death and activation of JNK (Figure 4A,B). Furthermore, as
shown earlier by transient transfection experiments in
HEK293T cells, also the constitutive expression of A20-
S565R in MCF-7S1 cells was as effective as that of wild type
A20 in inhibiting TNF-induced activation of NF-kB (Figure 4C).
Similar effects on all three TNF responses as well on the
stability of the protein were seen in MCF-7S1 cells over-
expressing an A20 mutant in which the RSKS sequence in the
14-3-3 binding site of A20 was deleted instead of mutated
(data not shown).

A20-mediated inhibition of apoptosis is associated
with inhibition of caspase-8 processing

To investigate at which step of the apoptotic signaling
cascade A20 functions, we studied its effect on the
processing of caspase-8 by Western blot analysis. As shown
in Figure 5, MCF-neo and MCF-wtA20 cells expressed similar
levels of the two isoforms of caspase-8, caspase-8a (p55) and
caspase-8b (p53).35 In MCF-neo-1 but not in MCF-wtA20-4
cells, treatment with 50 ng/ml of TNF for 12 h induced the
processing of caspase-8 resulting in the appearance of p41/
43 intermediate cleavage products and a fainter 18 kDa
fragment representing the large active subunit of caspase-8
(Figure 5A). In concordance with our earlier data showing that
A20 does not inhibit apoptosis induced by anti-Fas (anti-APO-

Figure 3 Western blot analysis of levels of wild type A20 and A20-S565R in
pooled populations of transfected cells. MCF-7S1 cells were transfected with
empty pZEM-neo vector (neo) or pZEM-neo encoding for wild type A20
(wtA20) or A20 mutated in the 14-3-3 binding site (A20-S565R). Cells were left
untreated (7) or treated (+) with 10 mM CdCl2 for 6 h before preparations of
lysates. Proteins from approximately 7.56105 cells were analyzed using anti-
FLAG antibody and ECL Western blot analysis system

Figure 4 Binding of 14-3-3 proteins is not necessary for A20-mediated inhibition of TNF signaling leading to cell death (A), activation of JNK (B) or activation of
NF-kB (C). Cell death, JNK activation and NF-kB activation were analyzed as explained in the legend for Figure 2. (B) Combined data from three independent
experiments is calculated by comparing TNF-induced induction in JNK activity in cells expressing wtA20 or A20-S565R with that of controls cells (=100%) and is
presented as percentage of control+S.D. All experiments were performed at least three times with essentially same results. P50.05 in all assays when wtA20 or
A20-S565R was compared with neo
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1),22 also caspase-8 processing induced by anti-Fas was
unaffected by A20 overexpression (Figure 5A). Furthermore,
TNF-induced processing was partially inhibited in MCF-7S1
cell pool transfected with A20-C, but not in the pool
expressing A20-N (Figure 5B). TNF-induced processing of
caspase-8 preceded the activation of effector caspases by
over 6 h (data not shown). These data indicate that A20
inhibits TNF-induced death signaling already at the level of
the activation of caspase-8.

A20 expression does not affect the expression of
TRADD, RIP, TRAF2, c-IAP1 or FADD

We have earlier reported that overexpression of A20 does not
have any effect on the cell surface expression of TNF-R1.22

Together with the results presented above this suggests that
A20 functions downstream of the TNF-R1 but upstream of
processing of caspase-8 and activation of JNK. Therefore, we
investigated the possibility that A20 expression interferes with
the expression of TRADD or RIP, TNF-R1-associated adapter
proteins implicated in TNF-induced apoptosis as well as in
activation of both JNK and NF-kB. A20 overexpression had,
however, no effect on the expression levels of either TRADD

or RIP. Also expression levels of other receptor-associated
proteins including TRAF2, FADD and c-IAP1 remained
unaffected by A20 expression (Figure 6).

Discussion

A20 is a zinc finger protein capable of inhibiting TNF-induced
signaling cascades leading to apoptosis as well as to
activation of both AP-1 and NF-kB transcription factors.22

The preferential expression of A20 in poorly differentiated
carcinomas suggest that its anti-apoptotic function may play a
role in the tumor pathogenesis.27 Furthermore, due to its dual
role as an anti-apoptotic and anti-inflammatory protein it may
have therapeutic potential e.g. in tissue transplantation and
diabetes mellitus.25 This study was undertaken to gain insight
into the poorly understood mechanism of action of A20. The
ability of A20 to inhibit all three TNF-induced signaling
pathways diverging at the level of TRADD together with its
inability to inhibit signaling from Fas suggests that it may
function upstream of or at the level of TRADD.22 Data
presented above show that A20-mediated inhibition of TNF-
induced apoptosis is associated with the inhibition of
caspase-8 activation. Even though the processing of
caspase-8 was observed first as late as 8 ± 12 h after the
addition of TNF, it clearly preceded the activation of effector
caspases as analyzed by cleavage of poly(ADP)ribose
polymerase. Furthermore, Bcl-XL has been shown to inhibit
TNF-induced caspase-7 processing in MCF-7 cells without
affecting that of caspase-8 indicating that caspase-8
activation is an upstream event in our model system.36

Thus, the ability of A20 to inhibit TNF-induced caspase-8
processing supports the hypothesis that A20, indeed,
functions at the receptor-signaling complex. Also the A20-
mediated inhibition of TNF-induced activation of AP-1
occurred early in the signaling cascade as the rapid TNF-
induced activation of JNK was blocked by A20. Thus, it is
interesting to note that A20 is, indeed, recruited to the TNF-R
complex upon receptor activation.37 It has recently been
demonstrated by transient co-transfection experiments that in
addition to inhibiting NF-kB activation induced by TNF
receptor triggering or TRADD overexpression, A20 also
inhibits that induced by overexpression of RIP or TRAF2.38

These results suggest that A20 does not function at the level
of TRADD but rather downstream of it, possibly at the level of
TRAF2 or RIP. One should, however, be cautious in

Figure 5 A20 inhibits TNF but not anti-Fas-mediated caspase-8 processing.
Lysates from approximately 16106 MCF-7S1 cells transfected as indicated
were left untreated (Con) or treated for 12 h with 50 ng/ml TNF or 100 ng/ml
anti-Fas and subjected to 12% SDS ± PAGE and immunoblot analysis with
anti-caspase-8 antibody (C15). The p55 and p53 bands corresponding to the
two full-length pro-caspase-8 isoforms (casp-8), the p43/41 bands
corresponding to the intermediate cleavage products and the p18 band
corresponding to the active subunit are indicated

Figure 6 A20 has no effect on the expression levels of TNF-R1-associated
proteins. Proteins from approximately 7.56105 MCF-neo or MCF-wtA20 cells
were analyzed by Western blot using indicated antibodies. Experiment was
repeated once with essentially same results
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interpreting these results because overexpression of TRAF2
or RIP does not necessarily reflect the situation following
stimulation with TNF. The A20-mediated inhibition of TNF-
induced processing of caspase-8 does not fit to the model in
which A20 functions downstream of TRAF2 and RIP. Thus,
A20 may inhibit the individual signaling pathways by distinct
mechanisms. Recent results showing that A20-mediated
inhibition of NF-kB activation occurs in numerous cell lines,
whereas its inhibitory effect on apoptosis is limited to highly
TNF sensitive cell lines like MCF-7S1, WEHI-S and NIH3T3
supports this idea.22,39,40 Furthermore, A20-associated
inhibition of NF-kB activation and apoptosis, has been
suggested to be mediated by two distinct downstream
effector molecules, ABIN and TXBP151.38,40 Another
possibility is that A20 regulates a common signaling pathway
required for the TNF-induction activation of JNK, NF-kB and
caspase-8. To test the latter possibility, we studied the effect
of A20 on expression levels of TRADD and RIP, both of which
are capable of activating all three TNF-induced signaling
pathways. No differences on their expression levels were,
however, detected in A20 expressing cells as compared with
control cells. Furthermore, A20 overexpression did not alter
cellular levels of TRAF-2, FADD or c-IAP1.

A20-mediated inhibition of TNF-induced activation of
NF-kB has been shown to be independent of the N-
terminal TRAF-binding domain.24 Later, it has, however,
been demonstrated that TRAF2 is not required for TNF-
induced NF-kB activation but is needed for that of JNK,8

suggesting that binding of A20 to TRAF2 could account for
the A20-mediated inhibition of JNK activation instead. Our
results show, however, that the zinc finger domain of A20
lacking the TRAF-binding domain was as effective as the
wild type A20 in inhibiting not only NF-kB activation but
also JNK activation and apoptosis. Thus, the functional
significance of the binding of A20 to TRAF2 remains
questionable and, in fact, the recent data has suggested
that A20 may be recruited to the TNF-R1 via RIP and
NEMO.37 We also show that the binding of A20 to 14-3-3
chaperone proteins is not required for A20-mediated
inhibitory effects on any of the three TNF-induced
signaling pathways studied. Thus, our mutational analysis
of A20 failed to demonstrate any differences on the
domains required for the various inhibitory effects of A20.
This data indicate that even if the various A20-regulated
signaling pathways were inhibited by different mechan-
isms, the zinc finger domain of the protein is essential for
all of them, whereas binding to TRAF2 of 14-3-3 proteins
is dispensable.

Materials and Methods

Construction of expression plasmids

pZEM-A20 contains the entire open reading frame of A20 downstream
from metallothionine promoter in pZEM-neo.22 The various deletion
mutants of A20 were created by first subcloning the 2.4 kb XhoI fragment
of pZEM-A20 containing A20 into the respective cloning site of pBSII
(Stratagene, La Jolla, CA, USA). A deletion of an N-terminal fragment

corresponding to amino acids 7 ± 381 was created by digestion with
EcoNI and XmnI, a deletion of a central fragment corresponding to amino
acids 276 ± 518 by digestion with HpaI and SmaI and a deletion of C-
terminal amino acids 516 ± 767 by digestion with BamHI and BclI.
Following filling of overhangs with Klenow when necessary, the cDNAs
were subcloned into pZEM-neo to create the following plasmids: pZEM-
A20-C lacking the N-terminal regulatory domain, pZEM-A20-DM lacking
the middle part including the first two zinc fingers and pZEM-A20-N
lacking most of the five C-terminal zinc fingers.

Mutagenesis of the 14-3-3 binding site in the zinc finger domain of
A20 was performed by first subcloning a 598 bp SmaI fragment of A20
containing the 14-3-3 binding site into pBSII. The 14-3-3 binding site of
A2034 was destroyed by an amino acid substitution of serine565 to
arginine (A20-S565R) or a deletion of amino acids 562 ± 567 (A20-
DRSKS). The mutation primers were synthesized by DNA Technol-
ogies (Aarhus, Denmark) and the mutagenesis was performed with
`Quick Change' mutagenesis kit (Stratagene) according to manufac-
turers instructions. Mutations were confirmed by sequencing
(Amersham Life Science Sequenase 2.0 Kit) and the correctly
mutated fragments were then subcloned into the SmaI site of pBSII-
A20 and further subcloned into XhoI site of pZEM-neo, creating pZEM-
A20-S565R and pZEM-A20-D14-3-3BS.

Cell culture and treatments

MCF-7S1 cell line is a subclone of MCF-7 selected for its high
sensitivity to recombinant TNF-a.41 Cells were cultured at 378C in
humidified air atmosphere with 5% CO2. RPMI (Life Technologies,
Prailey, UK) supplemented with 10% heat-inactivated fetal calf serum
(Biological Industries, Beit Haemek, Israel), penicillin and streptomy-
cin was used as growth medium for all cell lines and is referred to as
complete medium (CM). Media used for stably transfected cell lines
was further supplemented with 0.4 mg/ml G418 (Calbiochem, La Jolla,
CA, USA).

Recombinant human TNF-a was provided by Dr. Anthony Cerami
(Kenneth Warren Laboratories, Tarrytown, NY, USA) and the
monoclonal anti-Fas antibody (anti-APO-1) by Dr. PH Krammer
(German Cancer Research Center, Heidelberg, Germany). IL-1b with
specific activity of 1.46104 U/ml was purchased from Genzyme
(Cambridge, MA, USA), z-Val-Ala-DL-Asp-CH2F (zVAD-fmk) from
Bachem (Bubendorf, Switzerland), N-Acetyl-Leu-Leu-Nle-CHO
(ALLN) from Calbiochem-Novabiochem Co. (La Jolla, CA, USA),
CA-074-Me from Peptide International (Louisville, KY, USA), z-Phe-
Ala-CH2F (zFA-fmk) from Enzyme System Products (Livermore, CA,
USA), and acetyl-Asp-Glu-Val-Asp-aldehyde (DEVD-CHO) from
Biomol (Plymouth Meeting, PA, USA).

Survival assay

Cells were seeded out on a 96-well plate (3500 cells/well) and grown
for 18 h. When indicated, A20 expression was induced by incubating
cells with 10 mM CdCl2 for 6 h before the addition of indicated
concentrations of TNF. The dimethylthiazol-diphenyltetrazolium salt
(MTT) assay was used to measure the cell viability essentially as
described previously.41

Transfections

Transfection of MCF-7S1 cells were performed by electroporation
(960 mFD, 240V; BioRad Gene Pulser) employing 5 ± 76106 cells in
250 ml CM, 10 mg plasmid DNA, and 5 ml carrier DNA. After
transfection cells were incubated for 5 ± 10 min at 258C washed once
in CM and seeded in tissue culture flasks to create pooled population
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or in cloning plates to obtain single cell clones. After 2 days in culture,
400 mg/ml of G418 was added to the medium. Experiments with pooled
populations of transfectants were performed with cells that had been in
culture for 2 ± 4 weeks after the transfection.

Activation of JNK pathway

Lysates from cells treated as indicated were precleaned by incubation
with 100 ml Pansorbin cells (Calbiochem) for 20 min at 48C and the
activation of JNK was analyzed by a solid-phase kinase assay
essentially as described previously.42,43

Transient transfection and luciferase assay

The activation of NF-kB-like transcription factors was analyzed as
described previously employing a NF-kB-driven reporter plasmid,
p3K-INF-LUC, which contains three copies of a consensus NF-kB
binding sequence in front of human minimal interferon promoter
and Photinius pyralis luciferase coding sequence.22 Transient
transfections were performed by DEAE dextran method using 5 mg
of p3K-INF-LUC and 3 mg of pEBS-b-Gal per 106 cells.22 Two days
after the transfection, cells were left untreated or treated with the
indicated concentrations of TNF or IL-1b for 4 h prior to harvesting.
Luciferase activity in the lysates was measured with the Promega
Luciferasse assay system and the transfection efficiency was
analyzed by b-galactosidase assay using o-nitrophenyl-b-D-
galactopyranoside (ONPG; Sigma Chemical Co.) as a chromo-
genic substrate. The values from the luciferase assay were
corrected according to the transfection efficiency.

Immunoblot analysis

One million cells/well were plated in a 6-well-plate in 4 ml CM
and grown for 24 h of which the last 6 h were with or without
10 mM CdCl2. Cells were harvested by scraping, washed three
times with cold PBS, lysed in Laemmli Sample Buffer containing
5% b-Mercaptoethanol (approximately 26106 cells/150 ml), boiled
for 5 min and sonicated (duty cycle 40%, output 4; Branson
Sonifier). Proteins from approximately 7.56105 cells/lane were
resolved in a SDS-polyacrylamide gel and transferred to Hybond
ECL filter (Amersham International, UK). The filters were
incubated for 30 min at 258C in blocking buffer containing 5%
dry milk in Tris-Buffered Saline (TBS) and 0.1% tween (Merck).
After two washes in TBS+0.1% tween, filters were incubated for
18 h at 48C with anti-FLAG (1 : 1000; KODAK or SIGMA Chemical
Co.), anti-GAPDH (0.4 mg/ml; Biogenesis, Poole, UK), anti-TRADD,
anti-RIP, anti-TRAF2, anti-c-IAP1 or anti-FADD antibodies (2.5 mg/
ml; Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) in
TBS+0.1% tween. The filters were then washed 565 min
TBS+0.1% tween and incubated in a 1 : 1000 ± 1 : 40 000 dilution
of the peroxidase-conjugated anti-mouse IgG (Dako A/S, Den-
mark) at 258C for 30 min and thereafter washed 665 min. To
detect caspase-8, C15 anti-caspase-8 antibody (kindly provided by
Dr. Peter Krammer, Heidelberg, Germany) was used as described
previously.35 Finally, ECL Western blotting reagents (Amersham)
were added and the filters were exposed to ECL Hyperfilm
(Amersham) and developed.

Statistical analysis

The statistical significance of the results was assessed by the students
t-test.
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