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of the flax rust-resistance protein L6 (Gen-
Bank accession number 862905), a putative
P-loop-containing ATPase11. The alignment
of the C. briggsae CED-4 and L6 sequences
consisted of 322 animo-acids with 23%
identical and 43% similar residues. When
the predicted ATPase domain of L6 was
used to search the non-redundant database
with the PSI-BLAST (position-specific iter-
ative BLAST) program, which enhances
BLAST search with profile analysis12, the
similarity to C. elegans CED-4 was detected
at a statistically significant level (P*1015).
Analysis of a multiple alignment of the
CED-4 sequences with those of plant resis-
tance-response gene products homologous
to L6 (GenBank accession numbers 862905,
1842251, 1086263, 699495, 1931650 and
1513144) showed a consistent pattern of
conservation which was particularly promi-
nent in the P-loop, the putative Mg2+-bind-
ing site, and two additional, downstream
motifs (unpublished). CED-4 and plant-
resistance gene products may contain a
homologous and probably functionally
analogous ATPase domain. 

In summary, CED-4 is central to the reg-
ulation of the molecular framework of cell
death. It has an intrinsic enzymatic activity

which facilitates CED-3 auto-activation and
subsequent apoptosis. CED-3 activation by
CED-4 requires the activity of the putative
CED-4 ATPase domain. The presence of a
conserved ATPase domain in CED-4 and
the plant resistance-response proteins indi-
cates that there may be similarities between
the cell-death machinery and mechanisms
in animals and plants.
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Figure 2 CED-4 facilitates CED-3 auto-activation in vitro. a, Cell extracts expressing CED-4 process in vitro
translated, 35S-labelled CED-3 but not CED-3mt. Myc/His–CED4 was depleted from an extract derived from
CED-4-transfected 293T cells by incubation with Ni2+ beads and further depleted using anti-Myc antibodies
and protein G. 35S-labelled CED-3 was made by in vitro transcription/translation using the TNT rabbit reticulo-
cyte lysate system (Promega; 30 min, 30 °C). Prolonged incubation of the in vitro translate triggered auto-pro-
cessing of CED-3 (ref. 13) and so was avoided. Reactions used 5 ml 35S-labelled CED-3 and 20 ml lysate
containing the indicated proteins, incubated for 1 h at 30 °C. b, Purified CED-4 activates in vitro translated
CED-3. CED-4 and CED-4K165R were purified from transfected 293T cells9. Reactions used ~10–50 ng purified
protein and in vitro translated 35S-labelled CED-3, CED-3mt or CED-3(99–502) incubated for 1 h at 30 °C10.
DEVD-aldehyde was at 200 nM. c, CED-4 activation of CED-3 is blocked by FSBA (1 mM). Methods as in b.
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Vaccination onto 
bare skin

We report here that applying genetic vectors
onto the skin in a relatively non-invasive
manner can elicit an immune response
against the protein encoded by the vector.
This procedure requires no special skill or
equipment and so may reduce medical costs
and offer a unique method for vaccination.

To elicit a specific immune response, we
anaesthetized mice and removed hair and
cornified epithelium over a restricted area of
abdominal skin using a depilatory (for
example Nair)1. We pipetted roughly 108

plaque-forming units (PFU) of adenovirus
vector in a volume of 10–50 ml onto the pre-
shaved and Nair-treated skin. We allowed the
adenovirus vector to incubate with the naked
skin until the animal recovered from anaes-
thesia, which took between 30 min and 1 h.

After application of AdCMV-hcea, an
adenovirus vector encoding the human car-
cinoembryonic antigen (CEA) gene, onto
the skin of mice (strain C57BL/6), we mon-
itored the production of antibodies against
the human CEA protein by assaying sera
from tail-bleeds. The test sera reacted in
western blots with purified human CEA
protein, but not with bovine serum albu-
min (Fig. 1a). Of 24 vaccinated mice, 23
(96%) produced antibodies against the
human CEA protein after a month, indicat-
ing that specific antibodies were produced
against exogenous proteins encoded by ade-
novirus vectors as a result of the treatment.
Antibodies against adenoviral proteins were
also found in some of the treated animals. 

To test whether this technique might be
generally applicable, we applied AdCMV-
hgmcsf, an adenovirus vector encoding the
human granulocyte macrophage colony
stimulating factor (hGM-CSF), in the same
way. The test sera reacted with purified
human GM-CSF protein (Fig. 1b) in 6 of 14
mice showing that 43% produced antibodies
against the human GM-CSF protein after
application of AdCMV-hgmcsf. Pre-immune
sera collected before treatment, sera from
untreated animals, and sera from animals
treated with AdCMV-luc2 all failed to react
with the human CEA and GM-CSF proteins.
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To our knowledge, this is the first dem-
onstration that animals can be vaccinated
in a simple, painless, and economical man-
ner by topical application of genetic vectors
onto the skin. This strategy may allow the
development of vaccines that could be
administered by individuals without spe-
cialized medical training or equipment.
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sented in an area immediately adjacent 
to the ipsilesional hand, and disappeared
when it was far from the hand. 

Condition 6 was like condition 3, except
that GS’s hands were crossed. He performed
normally in single-stimulus trials, but in
double-stimulus trials, he showed a severe
extinction of the tactile stimuli (1/30 cor-
rect) applied to left hand (in right hemi-
space). Extinction is not modulated by the
positions of the hands in space.

Our findings may be explained by refer-
ring to the activity of bimodal, visuotactile
neurons in the premotor cortex which have
receptive fields attached to some relevant
body parts3–6. Some of these neurons have
tactile receptive fields on the hand and cor-
responding visual receptive fields that
extend outward from the tactile field into
the space near the hand. As a consequence,
activation of these bimodal neurons by a
visual stimulus delivered near the hand also
activates the corresponding perceptual rep-
resentation of the hand. Here the simulta-
neous activation of the somatosensory
representation of the left hand (by a tactile
stimulus) and of the right hand (by a visual
stimulus) produces an extinction of those
stimuli presented in the weaker representa-
tion, in this case that of the left-hand. 

Extinction phenomena (as well as
neglect) occur when there is competition
between two7,8 or more neural representa-
tions9. In addition, single-neuron studies
have shown that visuotactile premotor neu-
rons do not respond when visual stimuli are
presented far from the tactile receptive field.
This may explain the absence of visuotactile
extinction found here and in a previous
study10, when the visual stimulus was pre-
sented far from the ipsilesional hand. Our
findings confirm the hypothesis that near
space is coded in body-part-centered coor-
dinates, and demonstrate the modular
nature of human visual space.
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Figure 1 a, Detection of antibodies to the human
CEA protein by western blot analysis. Serum from a
vaccinated mouse taken one month after applying
AdCMV-hcea to the skin was diluted 1:500 and
reacted with purified human CEA protein (provided
by T. Strong) and adenoviral proteins separated on
a 5% SDS–polyacrylamide gel. The products were
transferred to membranes as in ref. 3. Lane 1,
human CEA (0.5 mg); lane 2, BSA (0.5 mg); lane 3,
adenovirus (107 PFU). b, Detection of antibodies
against the human GM-CSF protein. Purified human
GM-CSF protein (CalBiochem), separated on a 15%
SDS–polyacrylamide gel, was transferred to mem-
branes and allowed to react with diluted serum.
Lane 1, human GM-CSF (0.25 mg); lane 2, BSA (0.25
mg); lane 3, adenovirus ( 107 PFU).

Seeing where your
hands are

Some patients with brain damage fail to
identify a sensory stimulus presented on the
opposite side to their lesion (contralesional)
when a competing stimulus is presented on
the same side (ipsilesional)1. This phenom-
enon has become known as extinction. It is
commonly studied using a single sense such
as sight or touch (unimodal extinction)2.
We have studied a 75-year-old right-handed
man (patient GS) who has severe left tactile
extinction resulting from damage to the
right frontotemporal cortex caused by a
stroke. We found that an ipsilesional visual
stimulus could induce extinction of a con-
tralesional tactile stimulus (cross-modal
extinction). We also found that the visual
stimulus operates in a reference system
attached to the hand, and not in egocentric
coordinates (that is retinal, head or trunk-
centred coordinates). 

We tested the extinction phenomenon
under six experimental conditions. Patient
GS sat at a table opposite the experimenter,
with his hands positioned on the table sur-
face. In condition 1, tactile stimuli were
applied to one or both hands which were
placed beneath a cardboard shield to pre-
vent him from viewing them directly. Each
stimulus consisted of a light touch to the
third finger. In condition 2, the shields were
removed and the experimenter applied
visual stimuli just in front of GS’s third fin-
gers (the same movement as the touch). GS
was asked to say how many stimuli he had
detected. In both conditions, he reported
unilateral stimuli without errors. On stimu-
lation of both sides simultaneously, GS
showed marked tactile (1/30 correct trials)
but not visual extinction. 

In condition 3, GS’s left hand was
screened with the shield, whereas his right
hand was in his view. A tactile stimulus was
given to the left hand and a visual stimulus
near to the right hand. On single-stimulus
trials, his performance was flawless. In con-
trast, on double-stimulus trials, GS showed
a severe left tactile extinction (0/30 correct).

Condition 4 was like condition 3, except
that GS’s right hand was placed behind his
back to allow us to assess whether a visual
stimulus presented at the same visual field
location as in condition 3, but far from the
ipsilesional hand, also produces a cross-
modal extinction. In both single and double
stimulus trials, GS performed correctly.

Condition 5 was like condition 3 except
that the visual stimulus was presented far
above the right hand, at the level of patient’s
eye. Again, GS’s performance was faultless.
Visuotactile extinction therefore manifested
itself only when the visual stimulus was pre-
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