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Identification and Characterization of
DEDDL, a Human-Specific Isoform of DEDD
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Death effector domain (DED) containing molecules are usually involved in the intracellular apoptosis cascade
as executioners or regulators. One of these molecules, DEDD, was identified as a final target of the CD95
signaling pathway by which it would be transferred into the nucleolus to inhibit RNA polymerase I-dependent
transcription. Here we describe a longer isoform of DEDD, DEDDL, produced by alternatively splicing, as an
immune cell-specific DED-containing molecule. It is only expressed in human T lymphocytes and dendritic cells
(DCs), and the mRNA expression in DCs was elevated upon inductive maturation. In cell lines MCF-7 and
Jurkat, the overexpression of DEDDL could induce apoptosis more potently than that of DEDD. That DEDDL
could bind FADD and cFLIP more potently than DEDD in vivo was revealed by cotransfection and immunopre-
cipitation. This may explain why DEDDL is a more potent apoptosis inducer, because DED-containing proteins
usually induce apoptosis through DED binding. Finally, why DEDD and DEDDL are unstable in the overexpres-
sion and other studies may be explained by the finding that they are potential substrates of active caspases.
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INTRODUCTION

Apoptosis, or programmed cell death, is the most
common physiological form of cell death and plays a
vital role in embryonic development, tissue remodel-
ing, and homeostasis maintenance within all multicel-
lular organisms (15,27). Genetic and molecular anal-
ysis from nematodes to humans has indicated the
existence of highly conserved cellular suicide path-
ways; many of the protein domains that perform criti-
cal roles in apoptosis signaling are already present in
the much simpler organism. However, higher organ-
isms (i.e., vertebrates) have been revealed to have a
major increase in the complexity of the apoptotic mo-
lecular machinery, both in terms of the membrane
receptors and intracellular molecules. Upon the inter-
action of surface receptors with their cognate ligands,
such proteins would participate in a fine-tuned mech-
anism to determine whether a cell is to live or die
(2,8).

To achieve the delicate balance of the immune sys-
tem, higher organisms have acquired “death recep-

tors” to respond to environmental “death ligands” so
that organisms can actively direct individual cells to
self-destruct. CD95 (Fas/Apo 1) is the most impor-
tant death receptor in physiologic apoptosis in the im-
mune system, evident from the symptoms of certain
mouse strains and human patients who have a defec-
tive gene for CD95 or CD95L (4,14,20,24,28,33). In
the CD95 signaling pathway, death effector domain
(DED)-containing proteins have been found to play
an obligate role in the initiation and execution of apo-
ptosis (5,32). Ligation of CD95 results in the recruit-
ment of the adaptor molecule FADD by homotypic
interaction through its C-terminal death domain (DD)
with the DD on the cytoplasmic tail of CD95. An-
other death receptor, TNF-R I, also transmits a death
signal through FADD, but differently from the CD95,
TNF-R I recruits FADD through another adaptor
TRADD (9,38). FADD, which also contains an N-
terminal DED, will interact with DEDs on procas-
pase-8, thus transducing the activation signal from
death receptor to the initiator (9). Thus, the intracellu-
lar apoptotic cascade initiator caspase-8 has been ac-
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tivated and will in turn cleave various death sub-
strates and other caspases leading to the execution of
apoptosis. Other mammalian DED-containing pro-
teins, such as procaspase-10, c-FLIP, PEA-15, DEDD,
and DEDD2, have been shown to be involved in sig-
naling of death receptors (13,16,19,29,30,35,39).
DEDD is distinct from other DED-containing mole-
cules in its abundance, high conservation between
species, and its function mode, which induces apo-
ptosis from within the nucleus. Overexpression of
DEDD acts as a weaker apoptosis inducer, localizes
to nucleoli-like structures, activates caspase-6, and
specifically inhibits RNA polymerase I-dependent
transcription in vivo (31). Further studies suggested
that DEDD might represent a novel scaffold protein
that directs caspase-3, an apoptotic effector, to certain
substrates facilitating ordered degradation (21). Al-
though so many details have been revealed, the dis-
tinct role of DEDD still may not be completely eluci-
dated.

In the present report, an alternatively spliced form
of DEDD has been found and named DEDDL. Al-
though the difference between these two proteins is
only 31 amino acids, DEDDL is the only DC/T-cell-
specific DED-containing protein to have ever been
found and participates in apoptotic machinery more
actively than DEDD. The study of such a molecule
will not only establish the physiological role of
DEDDL, but also presents a natural model for the
functions of DED-containing molecules.

MATERIALS AND METHODS

Identification of DEDDL From Human Dendritic
Cells by Subtractive Cloning

Human monocyte-derived DCs were generated and
identified as follows. Fresh peripheral blood from
normal adults was separated with lymphocyte separa-
tion media (p =1.077, Sigma). The cells in the
boundary layer were collected and cultured with
RPMI-1640 complete medium (Invitrogen) in 35-mm
dishes at 5 x 10° cells/ml for 2 h. The cells in suspen-
sion were then discarded by swirling the dish softly
and the adherent cells were cultured in RPMI-1640
complete medium containing thGM-CSF (800 U/ml,
Sigma) and rhIL-4 (500 U/ml, Sigma) for 5 days. The
suspending cells were collected and then cultured for
another 1 or 2 days. The cells were human DCs,
which were confirmed by cytometry that more than
90% of cells were CDl1a*, CD83*, and HLA-DR".
KLH, a potent antigen, was used to stimulate human
DCs. The antigen-pulsed DCs were obtained by incu-
bating normal DC in KLH (10 pg/ml, Sigma) for an-
other 24 h. The strategy used for subtractive cloning
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has been described elsewhere (42). One of those spe-
cifically expressed genes, KEOS, was found as an al-
ternatively spliced form of DEDD by using the
BLAST algorithm and Ensembl web server (www.
ensembl.org).

Transient Transfection and
Immunofluorescence Microscopy

Transient transfection was performed with Lipo-
fectamine™ 2000 (Invitrogen) according to the manu-
facturer’s instructions. 293T cells and MCF-7 cells
were plated (six-well plate) in 2 ml of complete
growth medium without antibiotics at 90-95% con-
fluence for transfection. Plasmid DNA (2 ug) carry-
ing the Myc-tagged DEDDL (5 pl of Lipofectamine™
2000 reagent) was diluted in 250 pul of DMEM. The
mixture was first incubated for 20 min at room tem-
perature and then was added to each well. Cells were
incubated at 37°C in a CO, incubator for at least 24
h but no more than 48 h. The cells were then treated
with TNF-o (R&D) at 50 ng/ul for 6 h prior to stain-
ing. Then the cells were fixed and stained for immu-
nofluorescence assay. Fixation was performed by
adding 4% paraformaldehyde for a 10-min incubation
followed by a single PBS wash and incubated with
—20°C methanol for 5-min permeabilization. Next the
cells received three 5-min washes with PBS and then
were blocked with PBS containing 10% goat serum
and 1% BSA for 60 min. Myc-tag 9B11 monoclonal
antibody (Cell Signaling Technology, CST) was di-
luted in 1% BSA in PBS at 1:2000. The diluted anti-
body were added to the cells and incubated overnight
at 4°C. The primary antibody was removed by three
more 5-min washes with PBS. FITC-conjugated anti-
mouse IgG antibody was diluted in 1% BSA in PBS
at 1:500 and added to cells for an incubation of 45
min in the dark. After another three washes with PBS
the cells were ready for visualization by immunofluo-
rescence microscope. Except where indicated, all
steps were performed at room temperature.

Northern Blotting and RT-PCR Analysis

Northern blot membranes MTN containing poly(A)*
RNA from multiple tissues (Clontech, BD) were hy-
bridized with a ?P-labeled DNA probe spanning the
DEDDL-specific sequence that differs from that of
DEDD. Hybridization was performed following the
manuals.

The following cultured cells or cell lines were used
for mRNA expression analysis: monocyte-derived
DC (5-day culture) and its KLH (Sigma) stimulated
counterparts (10 mg/ml KLH, stimulated for 24 h);
monocyte-derived DC (7-day culture) and stimulated
with CD40, IFN-y, KLH, LPS, OVA, TNF-o; NB4
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(promyelocytic leukemia), HL-60 (acute promyelo-
cytic leukemia), U-937 (histiocytic lymphoma), K-
562 (chronic myelogenous leukemia), Raji (Burkitt’s
lymphoma; B lymphocyte), Daudi (Burkitt’s lym-
phoma; B lymphoblast), HuT 78 (lymphoma; cutane-
ous T lymphocyte), Molt-4 (acute lymphoblastic leu-
kemia; T lymphoblast). Total RNA was extracted
with TRIZOL reagent (Invitrogen) and then was re-
verse transcribed by oligo-dT priming according to a
standard protocol. RT-PCR with the primer 5-ATG
GGC TGT ACA GCCTG (sense primer) and 5'-GAA
CCC GCA GTCTGA TG (antisense primer) for
DEDDL, 5-TCC CAA GGA GAA GCA GAC (sense
primer) and 5"-GAG CCA TTG ATG TAG TCA CG
(antisense primer) for DEDD, 5-TCG CTT CAC
CGT ATG TTC (sense primer) and 5-TGG AGG
TGC CAT AGC TAT AG (antisense primer) for
DEDD2 was performed using Exo-Taq polymerase
(Takara). Cycle conditions were 95°C for 10 s, 55°C
for 30 s, and 72°C for 30 s for appropriate cycles.
Synthesis of cDNA was controlled by amplifying 3-
actin (sense primer, 5-GCA TCC TCA CCC TGA
AGT AC; antisense primer, 5-TTC TCC TTA ATG
TCA CGC AC). Cycle conditions for B-actin were
95°C for 10 s, 57.5°C for 30 s, and 72°C for 30 s for
25 cycles.

Plasmid Construction

Epitope-tagged expression plasmids were con-
structed in pcDNA3.1 (Invitrogen) by PCR using
primers flanking with FLAG or Myc epitope tag se-
quences and appropriate restriction sites.

Apoptosis Assays

MCF-7 cells (mammary adenocarcinoma) were
maintained in RPMI-1640 (Invitrogen) supplemented
with 10% fetal bovine serum. For transient transfec-
tion apoptosis assays, 2 x 10° cells in six-well plates
(Falcon) were transfected using Lipofectamine™
2000 with 2-5 pg of plasmid containing cDNA en-
coding full-length DEDDL or DEDD as described
above. In each experiment, the total amount of DNA
was normalized using a vector plasmid without cDNA.
Twenty-four hours later, both adherent and floating
cells were collected and stained with Rhodamine 123
(Rh123) and propidium iodide (PI) (22). The percent-
ages of apoptotic cells were determined by counting
the Rh123 low staining and PI-positive cells.

Jurkat T cells (3 x 10%chamber) were electropor-
ated with 30 pug of plasmid DNA for three pulses of
10 ms each at 300 V (ECM 830, BTX technology).
The electroporated cells stayed at room temperature
for at least 30 min and then were incubated as rou-
tine. Twenty-four hours later, the cells were stained

with Annexin V and PI to assay for apoptosis (36).
If necessary, PHA was added at the final concentra-
tion of 1 pug/ml 6 h before apoptotic assays.

Coimmunoprecipitation and Immunoblot Assays

293T cells were seeded in a six-well plate (2 x 10°
cells per well) and cotransfected with 2 pug of pcDNA-
FLAG-DEDDL, pcDNA-Myc-DEDDL, pcDNA-FLAG-
DEDD, or pcDNA-Myc-DEDD, and pcDNA-FLAG-
pro-caspase-8, pcDNA-Myc-FADD, pcDNA-Myc-FLIP.
The total amount of DNA was normalized using a
control vector in each sample. Twenty-four hours
after transfection, cells of each well were collected
and resuspended in 200 ul of RIPA buffer (50 mM
Tris-HCI, pH 7.4; 1% NP-40; 0.5% Na-deoxycholate;
150 mM NaCl; 1 mM EDTA) containing 1 mM
PMSF, 1 pg/ml Aprotinin, 1 pg/ml leupeptin, 1 pg/
ml pepstatin, | mM Na;VO,, and 1 mM NaF. Soluble
lysates were incubated with Myc-tag 9B11 mono-
clonal antibody (1:2000) at 4°C overnight with vigor-
ous agitation and 30 ul of Protein A-Agarose (Santa
Cruz) was added to each well for further binding of
3 h. Precipitates were washed two times with RIPA
buffer, fractionated by SDS-PAGE, and transferred
onto nitrocellulose membranes for immunoblotting
using anti-FLAG monoclonal antibody M2 (Sigma)
followed by horseradish peroxidase-conjugated goat
anti-mouse IgG (Pierce) as secondary antibody. Su-
perSignal West Products (Pierce) was used for detec-
tion.

RESULTS

Identification of DEDDL, a Human-Specific
Alternatively Spliced Form of DEDD

An alternatively spliced isoform of DEDD was
identified from human dendritic cells by subtractive
cloning. The full length sequence is 1256 bp in length
and formerly named KEOS (Accession: AF064605)
for sequencing (42). It carries an open reading frame
from nt 88 to 1134, which results in a protein with
predicted size of 348 amino acids whereas DEDD is
317 amino acids. Thus, it is designated DEDDL as
the long isoform of DEDD. Blast, the sequence by
Ensembl web server (www.ensembl.org), revealed
that DEDDL was coded by 4 exons, the same number
of exons as DEDD. The difference between the two
sequences comes from the change of the 5’ splice site
after exon 3. In DEDDL, the 5" splice site of the in-
tron between exon 3 and exon 4 moves 90 nucleo-
tides downstream and the 3” splice site of the intron
remains the same as DEDD (Fig. 1A). Such a change
replaces an Asp (GAT) in DEDD (35) with a peptide
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Figure 1. Identification of DEDDL, an alternatively spliced form of DEDD. (A) Partial sequence of DEDDL protein deduced form exon 3
and exon 4. The prolonged part of DEDDL is underlined and the putative ITIM is shaded. (B) Alignment of the genome sequence from
exon 3 to exon 4 from human (NCBI, AL591806.16, 177237-176402) and mouse (NCBI, AC087229.26, 85551-86323). The exons are

underlined and the prolonged part of DEDDL is double underlined.
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consisting of 31 amino acid residues, bringing an im-
munoreceptor tyrosine-based inhibitory motif (ITIM)
IQYIRL to DEDDL.

The exon/intron prediction analysis of full geno-
mic sequences by others indicated the existence of
the mouse DEDDL, because the mouse exon 3 was
found to be 102 bp longer than human exon 3 of
DEDD and still linked to the same exon 4 (31). But
according to the chromosomal sequence released at
Ensembl website, the longer 102 bp of the mouse
exon 3 would present a stop condon TAA in the read-
ing frame (Fig. 1B, arrow). Therefore, the murine
counterpart of DEDDL does not exist according to
the known genome.

DEDDL Is a Human-Specific Isoform of DEDD
That Is Expressed in DC/T Cells

No signals of DEDDL could be detected by North-
ern blot analysis in human tissues, but adequate (-
actin signals suggest DEDDL might be in low abun-
dance in normal tissues (data not shown).

DEDDL was not expressed in any one of the fetal
tissues and tumor cell lines detected, including fetal
heart, fetal lung, fetal liver, fetal kidney, fetal skele-
ton muscles, fetal intestine, HelLa, LoVo, HT29, and
A172 cells (data not shown). The mRNA expression
analysis of DEDDL in hematopoietic cell lines and
monocyte-derived DCs revealed that DEDDL mRNA
expression pattern is distinct from the DEDDs (Fig.
2A). DEDDL is only expressed in T-cell lines and
DCs, whereas DEDD is ubiquitously expressed.
These couple of DC templates were used for detect-
ing mRNA expression of DEDD, DEDDL, and
DEDD?2 simultaneously by PCR. The results showed
the mRNA expression of DEDD was not changed by
KLH stimulation while the DEDDL was upregulated
significantly. The upregulation of DEDD2’s expres-
sion was detected but not as significant as that of
DEDDL (data not shown).

We next examined the pattern of DEDDL expres-
sion in human DC or T cells and compared it with
that of DEDD expression. Human peripheral blood-
derived DCs were treated with LPS or TNF-a. and
human peripheral blood T cells were treated with rIL-
2 or PHA. Both DEDDL and DEDD mRNA were
induced with a significant increase in DCs by LPS or
TNF-o at 8 h. At 48 h the increased DEDDL expres-
sion declined to unstimulated levels and the induced
DEDD expression was sustained (Fig. 2B). The
mRNA of DEDDL and DEDD in human peripheral
blood T cells was more abundant than that in DCs
and their expression was downregulated by PHA or
rIL-2 treatment (the decrease of DEDDL expression
happened earlier than that of DEDD) (Fig. 2C).

DEDDL Induced Apoptosis More Potently Than
DEDD in MCF-7 and Jurkat T Cells

Mitochondrial transmembrane potential (A¥m) de-
creases early during apoptosis, thus enabling cells en-
tering apoptosis to be detected by using A¥m probes
such as Rhodamine 123 (Rh123) and 3,3’-dihexiloxa
dicarbocyanine [DiOC4(3)]. The A¥m probes are
membrane-permeable lipophilic cationic fluorochromes
that will accumulate in mitochondria of live cells so
that normal cells are highly stained with Rh123 in
contrast with the lower staining of apoptotic cells be-
cause of the decreased retention of Rh123 in apopto-
tic mitochondria. Propidium iodide (PI) was used to
detect late apoptotic cells in combination with the
earlier Rh123 apoptotic detection of MCF-7 cells,
which was used to study the potential role of DEDDL
in apoptosis, shown to be sensitive to Rh123/PI dou-
ble staining. In Figure 3A, area I represents PI-posi-
tive cells and area II represents Rh123 low staining
cells. The percentages of apoptotic cells in MCF-7
cells transfected with DEDDL and DEDD gene were
increased from 15% with the control vector to 31.5%
and 16.4%, respectively (Fig. 3a, b, ¢). This is consis-
tent with other reports that DEDD is a weak apopto-
sis inducer and indicates that DEDDL could be more
potent in induction of apoptosis than DEDD. Because
C-DEDD showed antiapoptotic function, that DEDDL
is more potent than DEDD in apoptosis induction
may be explained by the stretch part of DEDDL that
affects C-DEDD function by changing its folding
mode or by recruiting other unknown molecules to
interfere with it. Following with this hypothesis, upon
TNF-o treatment, the apoptosis cells were increased
significantly (Fig. 3d, e). The decrease in retention of
Rh123 was retarded in DEDD compared with DEDDL
in the groups of 1-h TNF-o treatment (Fig. 3f, g;
arrow).

Jurkat T cells were transfected with DEDD or
DEDDL genes and double stained with Annexin-V
and PI after a 6-h treatment of PHA. As shown in
Figure 4, the percentage of Annexin-V/PI double
positive cells in DEDDL transfected cells (23.1%)
was much higher than that in DEDD transfected cells
(8.11%). The percentage of Annexin-V-positive cells
in two groups showed no significant difference
(DEDDL 30.67% vs. DEDD 31.13%).

DEDDL Translocated Into Nuclei Upon Activation

In DEDDL, the three nuclear localization signals
(NLS) identified in DEDD are intact. When a Myc-
tagged DEDDL was transfected into 293T cells and
MCF-7 cells, immunofluorescence assays showed
DEDDL distributed both in the cytoplasm and nuclei
(Fig. 5A, C). It seems that overexpression induced
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Figure 2. mRNA expression of DEDDL in immune cells. (A) Hematopoietic cell lines and immune cells were arranged in the following
order: lane 1, NB4; lane 2, HL-60; land 3, U937; lane 4, K562; lane 5, Raji; lane 6, Daudi; lane 7, HuT78; lane 8, Molt-4; lane 9, DC; lane
10, DC-KLH. (B) Lane 1, DC; lanes 2—4, DC treated with LPS for 1, 8, and 48 h; lanes 5-7, DC treated with TNF-a for 1, 8, and 48 h.
(C) Lane 1, T lymphocytes; lanes 2—4, T lymphocytes treated with PHA for 1 and 8 h and 4 days; lanes 57, T lymphocytes treated with
rIL-2 for 1 and 8 h and 4 days.
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Figure 3. DEDDL is a more potent apoptosis inducer than DEDD. MCF-7 cells were transfected with DEDDL or DEDD genes and treated
with TNF-a for indicated times. The percentage of apoptosis cells indicated were counted by PI-positive (I) plus Rh123 low staining (II)

cells.

DEDDL accumulation into nucleus spontaneously.
After TNF-o treatment, DEDDL were no longer uni-
formly distributed within the nucleoplasm, but accu-
mulated in distinct globular structures or segregated
into sharply circumscribed masses that abut the nu-
clear membrane (Fig. 5B, D). The results indicate
that DEDDL may play a role in the nucleus during
apoptosis or transcriptional regulation.

DEDDL Can Bind Typical DED-Containing
Molecules In Vivo

The DEDDL protein was tested for interaction with
other DED-containing proteins in vivo by coimmuno-
precipitations when DEDDL, FADD, procaspase-8,
and cFLIP were expressed in 293T cells with appro-
priate epitope tags. The same test was performed on
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Figure 4. Comparison of the apoptosis induction between Jurkat T cells transfected with DEDDL or DEDD.

DEDD as a control. DEDDL was capable of binding
FADD and cFLIP, noticeably much stronger than was
DEDD (Fig. 6A), whereas neither isoform could bind
procaspase-8 under this condition (Fig. 6B). It was
also revealed that DEDDL and DEDD could bind
each other (Fig. 6C).

DEDDL and DEDD were also shown be unstable
when overexpressed in 293T cells with procaspase-
8 cotransfection, whereas they could attain a stable
overexpression with the presence of crmA (Fig. 6D).
The degradation of DEDDL and DEDD occurred
whenever the host cells underwent induced or sponta-
neous apoptosis.

DISCUSSION

Programmed cell death is a fundamental physio-
logical process in the developing embryo during mor-
phogenesis or synaptogenesis and in the adult animal
during tissue renewal and immune response (20).
Typically, the immune system produces more cells
than ultimately needed to satisfy the receptor reper-
toire selection during lymphocyte maturation and so-
matic selection during the adaptive immune response
against pathogens (4). The elimination of extra cells
by apoptosis is part of the normal life of higher or-
ganisms to maintain homeostasis. The immune sys-
tem is a society of interacting cells consisting of T
and B lymphocytes, NK cells, macrophages, and pro-
fessional APCs at different differentiational levels. It
is widely recognized that immune cells can choose
different pathways to die under different environmen-
tal conditions according to their differentiation status.

In this report, a human-specific DED-containing
protein was identified and designated as DEDDL be-
cause it is an alternatively spliced form of DEDD and

is produced by acquiring 31 more amino acids from
the third intron than DEDD. That there is no mouse
counterpart of DEDDL indicates DEDDL is devel-
oped during late evolution. DEDDL is also distinct
from DEDD and other DED-containing proteins in
tissue distribution. DEDDL is shown only expressed
in DC and T cell lines. Supported with the report that
a longer splice form was detected in peripheral hu-
man T cells, we conclude that DEDDL is the DC/T
cell-specific form of DEDD. This confirms the hy-
pothesis presented by Schickling et al., that DEDD
has alternatively spliced forms that may be expressed
in a tissue-specific fashion, as with many other apo-
ptosis signaling molecules (31). DEDD is a highly
conserved protein with 98.7% homology between hu-
man and mouse. Usually, only proteins that act at
intracellular key control points are so highly con-
served between human and mouse, such as cytochrome
C (91.3%); ribosomes subunit L7 (95.9%), L12
(98.8%), L19 (99.5%), L28 (97.8%), S2 (98.2%), S16
(97.3%); Histones H3 and H4 (100%). Although
many functional details of DEDD have been re-
vealed, they could not piece together a crucial role
that required such high conservation. DEDD was sug-
gested to be a regulator of FADD intracellular apo-
ptotic signaling by interacting with caspase-3 or cas-
pase-6, or interfering with DNA transcription (31,
35,37). DEDDL is at least an immune cell-specific
regulator in the apoptotic cascade because it binds
FADD and cFLIP effectively.

Generally, living systems operate under interactive
selective pressures (10). The immune system differs
from other biological systems in that it is under threat
from foreign pathogens or from within by malignant
cellular change (i.e., the much accelerated evolution-
ary encounters) (26). Apart from somatic evolution
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Figure 5. Cellular localization of DEDDL. Cells were transfected with Myc-tagged DEDDL and subjected to immunofluorescence staining
with 9B11 monoclonal anti-Myc antibody followed with FITC-labeled secondary antibody. (A) Transfected 293T cells. (B) TNF-o-treated
transfected 293T cells. (C) Tranfected MCFE-7 cells. (D) TNF-a-treated transfected MCF-7 cells.

adopted against these threats during the lifetime of an
individual, it is not surprising that higher species
have developed their own particular mechanisms to
fulfill immune defense. That DEDDL has no murine
counterpart suggests that it may have been developed
late in species evolution by the immune system under
increased threats. Apoptosis is such a central regula-
tory feature of the immune system that it is not sur-
prising that immune system would develop its own

exclusive molecules. DEDDL provides a model that
they have come from ubiquitous molecules by alter-
native splicing. Although the excess part is only 31
amino acids, it brings three tyrosines and a typical
ITIM that implies its function in the immune system.

Deletion of excessive expanded lymphocytes by
apoptosis occurs at the peak or the down phase of the
immune response and is called activation-induced
cell death (AICD) (1,7,11,17,34,37). Antigen present-
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Figure 6. Interaction of DEDDL with other DED-containing proteins. (A) DEDDL binds with FADD and cFLIP much stronger than does
DEDD, especially with cFLIP. 293T cells were transiently transfected with various combinations of plasmids encoding FLAG-DEDDL,
FLAG-DEDD, Myc-FADD, and Myc-cFLIP. Cell lysates were prepared and immunoprecipitations were performed using anti-Myc mono-
clonal antibodies (9B11), followed by Western blot analysis using anti-FLAG M2 monoclonal antibody. To show the difference clearly, the
same blot was exposed to film for a short period and long period as indicated. (B) DEDDL and DEDD cannot bind caspase-8 in vivo. 293T
cells were transfected with DEDDL or DEDD combined with caspase-8 with or without the presence of crmA. Cell lysates were immunpreci-
pitated by using the anti-caspase-8 monoclonal antibody and the following immunoblotting was perfomed with anti-Myc antibody. (C)
DEDDL and DEDD bind each other. (D) Caspase-8 can degrade DEDDL and DEDD.
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ing cells (APCs) initiate and modulate the activity
and function of T lymphocytes and in turn activated
T cells influence APC function through surface mole-
cules, including death receptors (CD95, CD40, TNF
RI) and cognate ligands (6,23,25,41). APCs exhibit
resistance to apoptosis during their role as immune
response initiators. This resistance is subsequently
switched off to downregulate the response (3). The
genes upregulated, including DEDDL, upon DC mat-
uration may participate in the postactivation elimina-
tion. The DEDDL mRNA expression in DCs was en-
hanced upon TNF-o and LPS stimulation, reached its
highest level 8 h after treatment, and then declined,
whereas the expression of DEDDL in peripheral CD4+
T lymphocytes was decreased upon PHA and IL-2
stimulation. This result indicates that DEDDL would
participate in the CD95 signaling pathway because
DCs would become resistant to CD95-mediated apo-
ptosis upon TNF-o and LPS treatment and T lympho-
cytes would become sensitive to CD95-mediated apo-
ptosis when activated with PHA and IL-2 (3,18,40).
It was indicated that the C-terminal half of DEDD
has antiapoptotic activity because removing 60% of
the C-terminus of DEDD resulted in a protein that
was more potent in induction of apoptosis than wild-
type DEDD. DEDDL is shown to induce apoptosis
more potently than DEDD. This potency may be due
to the higher efficiency of DEDDL in binding with
other DED-containing proteins, especially cFLIP, and
the influence of the stretch part of DEDDL on folding
the C-terminal half of DEDD or recruiting other mol-
ecules to interfere with itself. Furthermore, the ex-
pressions of DEDDL and DEDD are shown to be un-
stable. When they are cotransfected with caspase-8,
their expression is decreased, which can be reversed

by crmA. The fact that such degradation also occurs
in cultured cells under spontaneous apoptosis sug-
gests that DEDDL and DEDD may be potential sub-
strates of active caspases. DEDD has several expected
cleavage sites of caspases and also fits the criteria
that caspase substrates are abundant and involved in
DNA metabolism (12). It also may explain why
DEDD is ubiquitinated and cannot be detected in cy-
toplasm sometimes.

In this report, an alternatively spliced form of
DEDD, DEDDL, was identified to be a DC/T-specific
DED-containing protein that is expressed exclusively
in humans. It can induce apoptosis more potently
than DEDD when overexpressed, probably because
DEDDL binds other DED-containing proteins more
effectively. Higher conservation of DEDD between
human and mouse implies its still unknown role in
the intracellular control points. Accelerating investi-
gations suggest DED proteins may do more than sim-
ply engage the caspase-8-dependent apoptosis ma-
chinery; thus, DEDD and DEDDL may be revealed
to perform a crucial role in cell biology.
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