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The adenovirus E1B 55-kDa and E4 34-kDa oncoproteins bind and inactivate the p53 tumor suppressor gene
product, resulting in cell transformation. A recently discovered cellular protein, p73, shows extensive similar-
ities to p53 in structure and function. Here we show that the simultaneous transient expression of E1B 55-kDa
and E4 34-kDa proteins is sufficient to drastically shorten the intracellular half-life of p53, leading to strongly
reduced steady-state p53 levels. Concomitantly, the E1B 55-kDa and E4 34-kDa proteins act synergistically to
inactivate the transcriptional activity of pS3. Mutational analysis suggests that physical interactions between
the E1B 55-kDa protein and p53 and between the E1B 55-kDa and E4 34-kDa proteins are both required for
P53 degradation. In contrast, the ability of p53 to interact with the cellular mdm2 oncoprotein or with its
cognate DNA element appears to be dispensable for its destabilization by adenovirus gene products. The
adenovirus E1B 55-kDa protein did not detectably interact with p73 and failed to inhibit p73-mediated
transcription; also, the E1B 55-kDa and E4 34-kDa proteins did not promote p73 degradation. When five amino
acids near the amino termini were exchanged at corresponding positions between p53 and p73, this rendered
P33 resistant and p73 susceptible to complex formation and inactivation by the E1B 55-kDa protein. Our
results suggest that while p53 inactivation is a central step in virus-induced tumor development, efficient

transformation can occur without targeting p73.

The development of malignant tumors commonly includes
mechanisms to inactivate the p53 tumor suppressor gene prod-
uct. Viral oncoproteins bind and inactivate p53. Two adenovi-
rus proteins, the E1B 55-kDa and E4 34-kDa proteins, form a
complex with a dual function. First, these proteins modulate
the nuclear export of mRNA during virus infection (1, 10, 24)
and undergo nucleocytoplasmic shuttling (7). On the other
hand, both proteins were reported to bind p53 and antagonize
p53-mediated transcription (8, 25, 30). In cell transformation
assays, the combination of the E1B 55-kDa and E4 34-kDa
proteins promotes the formation of colonies more strongly
than does the E1B 55-kDa protein alone (20, 21), raising the
possibility that the two proteins act synergistically to inactivate
p53.

Some p53 antagonists are known to promote the intracellu-
lar degradation of p53. This destabilization of p53 is an activity
common to oncoproteins of human papillomaviruses (HPVs)
(32), and the cellular mdm?2 protein (11, 16, 27). Intriguingly,
the half-life of p53 was shown to be reduced during adenovirus
infection (25, 33), depending on the presence of the E1B
55-kDa and E4 34-kDa proteins. Furthermore, the steady-state
level of p53 is downregulated after transformation with the
E1B 55-kDa and E4 34-kDa proteins (20, 21), leading to the
hypothesis that the E1B 55-kDa and E4 34-kDa proteins might
be sufficient to accelerate the degradation of pS3 even without
the context of virus infection.

A recently discovered cellular protein, p73, shows many ho-
mologies to p53 (14). The sequence homologous between p53

* Corresponding author. Mailing address: Institut fiir Virologie,
Zentrum fiir Mikrobiologie und Hygiene, Philipps-Universitit Mar-
burg, Robert Koch Str. 17, 35037 Marburg, Germany. Phone: 49 6421
28 3302. Fax: 49 6421 28 8962. E-mail: dobbelst@mailer.uni-marburg
.de.

8510

and p73 covers the N-terminal domain of p53, which is known
to interact with the adenovirus E1B 55-kDa protein (15), rais-
ing the question whether p73 might also interact with this
protein.

The homology of p53 and p73 is particularly extensive within
the DNA binding region and includes all amino acids known to
form contact sites between p53 and DNA. Both proteins acti-
vate transcription from p53-responsive promoters and were
reported to induce apoptosis (13). To date, the only known
functional difference between p53 and p73 consists of the up-
regulation of p53 but not p73 levels in response to DNA dam-
age. The fact that at least some p53-responsive promoters can
also be activated by p73, along with the structural similarities
between p53 and p73, initially suggested that p53 antagonists
might also inactivate p73 to achieve complete transcriptional
inhibition. Therefore, we analyzed the potential of adenovirus
oncoproteins to inactivate p73 in addition to p53.

We show that the simultaneous transient expression of the
adenovirus E1B 55-kDa and E4 34-kDa proteins is sufficient to
strongly promote the intracellular degradation of p53. In con-
trast, the adenovirus proteins did not inhibit p73-mediated
transcription, nor did they destabilize p73. The E1B 55-kDa
protein selectively binds p53 but not p73, due to a 5-amino-acid
difference between the primary structures of p53 and p73.
Thus, despite the similar transcriptional activities of p53 and
p73, p73 does not represent a target of the adenovirus p53
antagonists.

MATERIALS AND METHODS

Cell culture and plasmid construction. Cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% fetal bovine serum. The
expression plasmids for p53 and mutants (18), HA-tagged E1B 55-kDa protein
(termed pCGNE1B) (7), and E4 34-kDa protein (8) have been described. An
expression plasmid for nontagged E1B 55-kDa protein was obtained by cloning
the E1B 55-kDa protein coding region from pCGNEIB into the pCG vector (34)



VoL. 72, 1998

with BamHI. To obtain expression constructs for nontagged p73p, the corre-
sponding human cDNA was amplified with the primers GCGGGATCCGCGG
CCGCCACCATGGCCCAGTCCACCGCCACCTCC and GCGTCTAGAG
GTCACGGTCCCCAAGTTCTGACGAGGC and the PCR product was cloned
into pcDNA3 (Invitrogen) with BamHI and Xbal. To obtain an expression
plasmid for nontagged p73a, the procedure was carried out with the second
primer replaced with GCGTCTAGAGGTCAGTGGATCTCGGCCTCCGTGA
AC. An expression construct for C-terminally tagged p738 was obtained by per-
forming the same procedure but replacing the second primer with the oligonu-
cleotide. GCGTCTAGAGGTCAGCTTGCGTAATCCGGTACATCGTAAGG
GTACGGTCCCCAAGTTCTGACGAGGC. Expression plasmids for mutant
p53 and p73 were obtained by site-directed mutagenesis (QuikChange; Strata-
gene). The constructs were confirmed by sequencing.

Transfections and reporter assays. Saos-2 cells (5 X 10° per assay) were
transfected with a cationic lipid preparation (Fugene 6; Boehringer Mannheim).
Luciferase activities were determined with a premanufactured assay system (Pro-
mega).

Western blotting. Proteins were separated by sodium dodecyl sulfate-polyac-
rylamide gel electrophoresis (SDS-PAGE) (10% polyacrylamide), transferred to
nitrocellulose, incubated with antibodies in phosphate-buffered saline (PBS)
containing 5% milk powder and 0.05% Tween, and subjected to chemilumines-
cent detection (Pierce) of peroxidase-coupled secondary antibody (Jackson).
Antibody Pab1801 to p53 was from Calbiochem; antibody HA.11 against the HA
epitope was from Babco.

Pulse-chase analysis. Cells (5 X 10° per lane) were transfected and starved for
30 min in starving medium (DMEM lacking methionine and cysteine) and then
subjected to incubation with 3*S-labelled amino acids (Promix; Amersham) di-
luted 1:30 in starving medium. After 10 min, the medium was changed to DMEM
containing 10% fetal bovine serum. After various chase times, the cells were
lysed and p53 was immunoprecipitated as described previously (26).

Immunofluorescence. Transfected cells were fixed for 15 min with 4% para-
formaldehyde in PBS, permeabilized for 25 min with 0.2% Triton X-100 in PBS,
and incubated with antibody as described previously (6). To stain the HA tag, a
rabbit polyclonal antibody (Santa Cruz) was used, followed by a Texas red-la-
beled secondary antibody (Jackson). To detect the E1B 55-kDa protein, the mu-
rine monoclonal antibody 2A6 (31) was used, followed by a fluorescein isothio-
cyanate-conjugated secondary antibody (Jackson).

Immunoprecipitation. In each experiment, 2 X 10° 293 cells constitutively
expressing the E1B 55-kDa protein were lysed, incubated with in vitro-translated
p53 or p73 proteins, and immunoprecipitated with antibody 2A6 (31) against the
E1B 55-kDa protein by a previously described procedure (36).

RESULTS

p53 degradation mediated by transiently expressed E1B 55-
kDa and E4 34-kDa proteins. To determine whether the ade-
novirus type 5 E1B 55-kDa and E4 34-kDa proteins are suffi-
cient to promote p53 degradation, we transiently expressed
p53 in Saos-2 cells, an osteosarcoma cell line lacking p53, and
subjected the cells to immunological detection of p53. The
level of p53 was not detectably affected by the presence of
either the E1B 55-kDa protein or the E4 34-kDa protein sep-
arately (Fig. 1A, lanes 1 to 3). However, when both viral pro-
teins were coexpressed with p53, the amount of p53 was
reduced more than 100-fold (lanes 4 to 6). This effect was
considerably stronger than the p53 reduction achievable with
coexpressed mdm2 or HPV E6 proteins (data not shown). The
proteasome inhibitor MG132 elevated to some extent the
amount of detectable p53 in the presence of the adenovirus
oncoproteins (data not shown) but only when it was used at
unusually high concentration (400 wM). It is therefore uncer-
tain whether proteasome-mediated degradation might be con-
tributing to the observed drop in p53 levels. Calpain inhibitors
did not change the amount of detected p53 (data not shown).
To further address the possibility that p53 is destabilized in the
presence of the E1B 55-kDa and E4 34-kDa proteins, the
transfected cells were pulse-labeled with [**S]methionine and
the decay of p53 was monitored over time (Fig. 1B). Quanti-
tation of the nondegraded protein (Fig. 1C) revealed that the
biological half-life of p53 was drastically shortened by the si-
multaneous expression of the E1B 55-kDa and E4 34-kDa
proteins. We conclude that the E1B 55-kDa and E4 34-kDa
proteins act in concert to trigger the destabilization of intra-
cellular p53 and may thereby promote cell transformation.
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We next asked if accelerated degradation by these viral
oncoproteins results in decreased transcriptional activity of p53.
Transiently expressed p53 activated expression from a cotrans-
fected reporter plasmid containing a pS3-responsive promoter
(Fig. 1D, lane 2). Transactivation was reduced in the presence
of the E1B 55-kDa protein (lane 3). While the E4 34-kDa pro-
tein alone had no apparent effect on p53-mediated transcrip-
tion (lane 4), the combination of the E1B 55-kDa and E4 34-
kDa proteins reduced the transcriptional activity of p53 more
profoundly than did the E1B 55-kDa protein alone (lane 5).

Mutational analysis of p53 degradation by the E1B 55-kDa
and E4 34-kDa proteins. When two amino acids within the N
terminus (positions 22 and 23) of p53 are mutated, the inter-
action of p53 with the E1B 55-kDa protein is abolished (18).
The same mutation completely protected p53 from intracellu-
lar degradation by the E1B 55-kDa and E4 34-kDa proteins
(Fig. 2, lanes 1 and 2), suggesting that the interaction between
p53 and the E1B 55-kDa protein is a prerequisite for onco-
gene-mediated p53 degradation. In contrast, p53 levels were
still reduced by the E1B 55-kDa and E4 34-kDa proteins, albeit
less strongly, when the C-terminal domain of p53 was removed
(leaving residues 1 to 317) (lanes 3 and 4). Since the C-termi-
nal domain of p53 was previously mapped to interact with the
E4 34-kDa protein (8), this argues that direct interactions
between p53 and the E4 34-kDa protein might contribute to
but are not necessary for the degradation of p53. Finally, a
mutant form of the E4 34-kDa protein (deletion of amino acids
240 to 244) that lacks the ability to relocate the E1B 55-kDa
protein from the cytoplasm to the nucleus (35a) did not reduce
p53 levels when coexpressed with the E1B 55-kDa protein
(lanes 5 and 6), suggesting that the interaction between the
E1B 55-kDa and E4 34-kDa proteins is a requirement for p53
degradation. Mutation of p53 amino acids 14 and 19 is known
to abolish complex formation between p53 and the mdm?2
protein while preserving the ability of p53 to associate with the
E1B 55-kDa protein (18). The abundance of this p53 mutant
was downregulated by the adenovirus oncoproteins (lanes 7
and 8), arguing that mdm?2 is not involved in adenovirus-me-
diated p53 degradation. Finally, a tumor-derived mutation of
p53 (R175H) that abolishes promoter-binding activity did not
stabilize the protein in the presence of the E1B 55-kDa and E4
34-kDa proteins (lanes 9 and 10), suggesting that adenovirus-
mediated degradation of p53 occurs regardless of the specific
DNA binding activity of p53.

Selective inactivation of pS3 but not p73 by adenovirus onco-
proteins. Given the structural and functional homology be-
tween the p53 and p73 proteins, it has been proposed that both
proteins might be regulated by the same antagonists (14). To
test this, the transcriptional activities of p53 and the « and B
forms of p73 (p73« and p73B) were assessed by using a lucif-
erase reporter. p73a was found to be a considerably weaker
transcriptional activator than p53 or p73B (Fig. 3B, lanes 1 to
3), possibly due to its reported failure to form oligomers (14).
Therefore, p73B was chosen for further analysis. The propor-
tion of transactivation was roughly maintained among p53,
p73a, and p73B when several different pS3-responsive promot-
ers were used (data not shown), suggesting that p53 and p73
have similar or identical target sequences.

Next, the E1B 55-kDa and/or E4 34-kDa protein was coex-
pressed with p53 or p73B, and transcription was quantified by
measuring the luciferase activity (Fig. 3B, lanes 4 to 11). The
transcriptional activity of p53 was reduced by the E1B 55-kDa
protein alone (lane 5) and even more strongly by the two
proteins together (lane 7), but p73B remained unaffected by
the adenovirus oncoproteins (lanes 8 to 11).

Based on previously reported mutational analysis (18), we
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FIG. 1. Degradation of p53 by the adenovirus type 5 E1B 55-kDa and E4 34-
kDa proteins. (A) Expression plasmids for the p53 (0.5 pg), E1B 55-kDa (0.5 pg),
and E4 34-kDa (1.0 pg) proteins or “empty” vector constructs were transfected
into Saos-2 cells as indicated. After 24 h, the cells were lysed and subjected to
SDS-PAGE and Western blot analysis. p53 was detected with monoclonal anti-
body Pab1801 (lanes 1 to 6). In a second experiment (lanes 5 and 6), the film was
overexposed to allow detection of residual p53 in the presence of the E1B 34-
kDa and E4 34-kDa proteins. (B) Expression plasmids for the p53 (1 ug), E1B 55-
kDa (330 ng), and E4 34-kDa (660 ng) proteins or “empty” vector constructs were
transfected into Saos-2 cells as indicated. After 24 h, the cells were labeled with [*°S]
methionine and [*S]cysteine for 10 min and then incubated in nonradioactive
medium (chase). After the time points indicated (minutes), the cells were har-
vested and subjected to immunoprecipitation with monoclonal antibody Pab421
directed against p53, followed by SDS-PAGE and autoradiography. Note that the
signal intensities obtained with p53 alone initially increase, possibly reflecting the
incorporation of radioactively labeled amino acids that were internalized into the
cells but not yet assembled into protein at the start of the chase. (C) The signal
intensities obtained in the same experiment with p53 in the absence (diamonds) or
presence (squares) of the E1B 55-kDa and E4 34-kDa proteins were quantified with
a Bio Imaging Analyzer (Fuji) and plotted against the time after removal of the
radioactive medium. (D) Expression plasmids for the p53 (50 ng), E1B 55-kDa (1.0
ng), and E4 34-kDa (0.5 pg) proteins were transfected as indicated into Saos-2 cells
along with a reporter plasmid containing a p53-responsive promoter driving lucifer-
ase expression (pBP100luc [27], 0.5 wg). After 24 h, the cells were lysed and sub-
jected to a luciferase assay. Luciferase activity is indicated in relative units, and
the value obtained with p53 in the absence of antagonists was set to 100%. Error
bars reflect the standard deviation of at least three independent experiments.
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suspected that five residues near the amino terminus of p53
(amino acids 24 to 28) might be critical for E1B binding and
hence for transcriptional inactivation. The amino acids at the
corresponding positions are not conserved between p53 and
p73 (Fig. 3A, compare residues 24 to 28 in p53 with amino
acids 20 to 24 in p73). We hypothesized that this difference in
primary structure might constitute the differential response of
p53 and p73 activity to adenovirus oncoproteins. To test this
hypothesis, chimeric proteins were designed with these five res-
idues exchanged between p53 and p73 (Fig. 3A); they are
termed p53mt(24-28) and p73mt(20-24), respectively. This
replacement resulted in complete resistance of p53 to E1B-
and/or E4-mediated inhibition (Fig. 3B, lanes 12 to 15). In
turn, p73pmt(20-24) was fully susceptible to E1B-mediated
inactivation (lane 17), even though the E4 34-kDa protein did
not further enhance this effect (lane 19).

The abundance of p53 but not p73 is reduced in the presence
of the E1B 55-kDa and E4 34-kDa proteins. Next, we asked if
p73 is also resistant to degradation mediated by adenovirus
oncoproteins. To address this question, a hemagglutinin epi-
tope was fused to the carboxy-terminal ends of p53 and p738
(Fig. 3A) to allow parallel quantitation. As expected, p73f3 lev-
els were not reduced when the proteins were coexpressed with
the adenovirus oncoproteins (Fig. 4, lanes 1 and 2), while tagged
p53 was suppressed below detectability (compare lanes 5 and
6). Surprisingly, the chimeric version of p73 [p73pmt(20-24)
(Fig. 3A)] that was inhibitable by the E1B 55-kDa protein was
not detectably destabilized by the adenovirus oncoproteins
(Fig. 4, lanes 3 and 4). This is consistent with the finding that
the E4 34-kDa protein did not further downregulate the tran-
scriptional activity of this mutant on top of the effect of the
E1B 55-kDa protein (Fig. 3B, lane 19). Hence, intrinsic prop-
erties of p53 other than E1B binding are required for efficient
degradation in the presence of adenovirus oncoproteins.

The E1B 55-kDa protein relocalizes p53 but not p73. The
intracellular complex formation between the E1B 55-kDa pro-
tein and p53 or p73 was further analyzed by simultaneous
immunofluorescent labeling of coexpressed proteins (Fig. 5).
The E1B 55-kDa protein relocalizes p53 into characteristic
cytoplasmic clusters (Fig. 5, compare panels a to ¢ with panels
d to f) that were described previously (2, 37). In contrast, p733
did not colocalize with the E1B 55-kDa protein (panels g to i).
However, when five residues near the amino terminus of p73f3
were replaced by the analogous amino acids from p53, colo-
calization with the E1B 55-kDa protein was restored in trans-
fected cells (compare panels j to 1 with panels m to o). Both
proteins were then found in nuclear clusters, possibly reflecting
a nuclear localization signal within p73 that maintains its ac-
tivity despite the association with the E1B 55-kDa protein.

p53mt  p53 p53 p53mt  p53mt
22/23 1-317  wt 14/19 175
E1B-55kDa - + -+ -+ -+
E4-34 kDa -+ -+ -+ -+
-
p53 - Wy - -
p53 1-317P> .- “
1 2 3 4 5 6 7 8 9 10

FIG. 2. Mutational analysis of p53 degradation. Wild-type or mutant versions
of p53 and the E4 34-kDa protein were transiently expressed as indicated, along
with the E1B 55-kDa protein as in Fig. 1A, and subjected to Western blot
detection of p53.
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FIG. 3. Inactivation of p53 but not p73 by the E1B 55-kDa and E4 34-kDa
proteins. (A) p53, p73, and chimeras were constructed as outlined. Amino acid
residues 24 to 28 in pS53 correspond to residues 20 to 24 in p73, according to
homology-based alignment of the primary structures (14). These residues were
exchanged between p53 and p73p to create p5S3mt(24-28) and p73pmt(20-24),
respectively. The proteins were expressed with or without a carboxy-terminally
fused HA tag for immunodetection. (B) Expression plasmids for p53, p73a, and
p73B (25 ng each) were transfected along with the luciferase reporter plasmid
pBP100luc (500 ng) and then subjected to a luciferase assay (lanes 1 to 3). Then
expression constructs for p53 (25 ng) or p73B (10 ng) were transfected together
with the reporter (500 ng) and expression plasmids for the E1B 55-kDa (500 ng)
and E4 34-kDa (1 pg) proteins, as indicated above the diagram (lanes 4 to 19),
and subjected to a luciferase assay.

The E1B 55-kDa protein forms a specific complex with p53
but not p73. Finally, the interaction of the E1B 55-kDa protein
with p53 and/or p73 was tested in vitro based on coimmuno-
precipitation. While p53 efficiently associated with the E1B 55-
kDa protein (Fig. 6, lane 5), little if any p738 bound this pro-
tein (lane 7). Conversely, p53mt(24-28) bound weakly if at all
(lane 6) whereas mutant p738, containing five p53-derived
amino acids, was recovered as a complex with the E1B 55-kDa
protein (lane 8). In the absence of the E1B 55-kDa protein, the
antibody failed to precipitate any detectable p53 or p73 (lanes
9 to 12). We conclude that the adenovirus oncoproteins under
study specifically inactivate p53 but not p73 and that this dif-
ference can be ascribed to a small sequence element within p53
that allows binding to the E1B 55-kDa protein.

DISCUSSION

We have shown that p53 is rapidly degraded when coex-
pressed with the combination of the adenovirus type 5 E1B 55-
kDa and E4 34-kDa proteins. p73@ activates p53-responsive
promoters at least as strongly as p53 itself does, but it is not
antagonized or destabilized by the adenovirus oncoproteins.
The E1B 55-kDa protein binds and relocalizes p53 but not p73,
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and this difference was pinpointed to five N-terminal amino
acid residues that are not conserved between p53 and p73.

As suggested by mutational analysis, both the interaction
between the E1B 55-kDa and E4 34-kDa proteins and the
association of the E1B 55-kDa protein with pS3 seem to be
needed for accelerated p53 degradation (Fig. 2). Possibly, a
complex that contains all three proteins is formed. It remains
to be determined which mechanism(s) ultimately leads to the
degradation of p53 in the presence of adenovirus oncoproteins.
So far, proteasome-mediated proteolysis (5, 9) and calpain-
mediated proteolysis (19, 23) have been reported to shorten
the life span of p53. However, a specific inhibitor for the pro-
teasome only weakly inhibited p53 degradation, and calpain
inhibitors completely failed to protect pS3 in the presence of
the E1B 55-kDa and E4 34-kDa proteins. Therefore, it remains
possible that the adenovirus oncoproteins trigger p53 degra-
dation by a third mechanism. The ability of such a novel path-
way to destroy p53 and its role in the absence of viral proteins
are subjects for further studies.

In our hands, the E1B 55-kDa protein reduces the ability of
p53 to activate transcription. In contrast, the E4 34-kDa pro-
tein has only an auxiliary effect on p53 inhibition when coex-
pressed with the E1B 55-kDa protein but does not down-
regulate the activity of p53 in the absence of the E1B 55-kDa
protein (Fig. 1D). This was consistently observed over a wide
range of plasmid amounts transfected to express p53 and the
E4 34-kDa protein (25a), in contrast to a previous report (8).
We therefore assume that direct effects of the E4 34-kDa
protein alone on p53 activity may be restricted to special con-
ditions but do not represent a generally observable phenome-
non. However, the E1B 55-kDa and E4 34-kDa proteins act
synergistically to destabilize and inactivate p53.

The E1B 55-kDa and E4 34-kDa proteins are known to
shuttle between the nucleus and cytoplasm (7). It is tempting
to speculate that this transport phenomenon might be part of
the degradation mechanism. Therefore, we compared the E4
34-kDa protein with a mutant carrying a defective nuclear
export signal (NES) and asked if their abilities to degrade p53
in the presence of E1B might be different. Indeed, the muta-
tion within the NES resulted in a decreased ability to destabi-
lize p53 (data not shown). However, the reduction of the p53
levels was still readily observable under these conditions, sug-
gesting that nuclear export is not an absolute requirement to
mediate p53 degradation. Furthermore, it cannot be excluded
that the NES mutation might reduce the ability of the E4 34-
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FIG. 4. Reduction of p53 but not p73 levels by adenovirus proteins. The
steady-state levels of HA-tagged p53 and p73 were determined by Western
blotting. Transfections were carried out as described in the legend to Fig. 1A and
were followed by immunodetection of the HA epitope.
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FIG. 5. Colocalization of the E1B 55-kDa protein with p53 but not p73. The E1B 55-kDa protein and HA-tagged p53 or p73 were examined for their intracellular
location by immunofluorescence. Wild-type or chimeric forms of the proteins were transiently expressed in the presence or absence of an expression plasmid for
nontagged E1B 55-kDa protein (the latter in threefold excess) as indicated above the panels. HA-tagged proteins and E1B were detected by using antibodies coupled
to Texas red or fluorescein isothiocyanate, respectively. The location of the cell nuclei was determined with a fluorescent stain (4',6-diamidino-2-phenylindole [DAPI])
specific for DNA.
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FIG. 6. Complex formation by the E1B 55-kDa protein with p53 but not p73. To detect association with the E1B 55-kDa protein, p53 and p73 as well as chimeras
were translated in vitro (lanes 1 to 4) and then incubated with lysates from 293 cells that contain the E1B 55-kDa protein. After immunoprecipitation with an antibody
to the E1B 55-kDa protein, associated p53 or p73 proteins were detected by autoradiography (lanes 5 to 8). In a control experiment (lanes 9 to 12), lysate from HeLa
cells (lacking the E1B 55-kDa protein) instead of 293 cells was used to perform the analogous immunoprecipitation.

kDa protein to associate with the E1B 55-kDa protein and p53.
Therefore, we still consider the role, if any, played by nuclear
export of adenovirus oncoproteins in the degradation of p53 to
be an open question.

The transcriptional activities of p53 and p73 seem virtually
indistinguishable, at least when using the promoters that we
have examined so far (data not shown). These included the
promoters of hdm2, p21 (wafl), and a synthetic p53-responsive
plasmid (3). The ratio between the activities of p53, p73a, and
p73B consistently remained the same, with p73p being far
more active than p73a. Possibly, the ability of p73p3 to form
homo-oligomers (14) enhances its ability to bind the specific
DNA element cooperatively, similar to p53. Given the striking
difference in transcriptional activation by the splice variants
p73a and p73B, it is conceivable that alternative splicing might
be a mechanism to regulate p73 activity. Future studies are
aimed at determining if the ratio between p73« and p73p var-
ies between cell types.

Since p73 can activate at least a large subset of the p53-re-
sponsive promoters, and given its structural similarities to p53,
it was initially assumed that oncoproteins might have evolved
to bind and inactivate both p53 and p73 (14). However, at least
the inhibitors studied here failed to affect p73. The interaction
with oncoproteins is only the second functional difference
identified between p53 and p73 (the first difference was the
increased amount of p53 but not p73 found in cells after treat-
ment with DNA-damaging agents [14]). It remains to be de-
termined whether other pS53 antagonists, e.g., the HPV E6
proteins or the cellular mdm?2 protein, also inactivate and de-
grade p53 but not p73. Our recently obtained results suggest
that the simian virus 40 T antigen also binds and inactivates
p53 but not p73 (26a).

Why is p73 “neglected” by the oncoproteins studied here
while p53 is efficiently inactivated and degraded? One expla-
nation could be that the p73 proteins are controlled by a subset
of viral and cellular factors distinct from the p53 antagonists.
However, in the case of virus-induced tumor formation, the
E1B 55-kDa and E4 34-kDa proteins, along with the adenovi-
rus E1A 13S protein, were shown to be sufficient to strongly
promote cell transformation (20, 21) but do not inactivate p73.
Thus, it seems that some form of p53 inactivation—preferably
destabilization—is a prerequisite for virus-induced tumor de-
velopment in most cases, while tumors do arise even when p73
is not affected.

A second possibility is that p73 expression and activity is
restricted to certain tissues or cell types. However, detectable
amounts of p73 were found in most tissues, and several tumor-
derived cell lines were shown to express wild-type p73 proteins
in considerable amounts while the p53 transcript was mutated
(14). Nonetheless, it remains possible that p73 quantities and

activities vary between tissues. In this case, p73 may represent
a differentiation factor in certain tissues rather than a general
“guardian of the genome,” as suggested for p53 (17).

Based on the differential interaction with viral oncoproteins,
we propose that p53 has activities that cannot be performed by
p73 and that are essential for tumor suppression in at least a
subset of cells whereas p73 inactivation seems dispensable for
oncogene-mediated tumor induction. What could be the mech-
anistic nature of such an activity that is unique to p53? One
possibility is that some p53-responsive promoters cannot be
activated by p73. However, we and others have not found such
a differential responsiveness in the promoters tested so far.
Alternatively, the activity residing in the proline-rich region of
the protein (28, 29, 35), or growth-suppressing functions of p53
that might be unrelated to transcriptional activation (12), may
not be maintained in the p73 proteins. Such activities may thus
represent critical functions by which the p53 protein plays its
role as a protector from tumor development.

To date, it cannot be regarded as certain that p73 fulfils all
the criteria of a tumor suppressor gene product (4, 22) or
whether it acts so in all cell types. However, should p73 not
turn out to play a role as central as p5S3 in tumorigenesis, its
differences from p53 might serve as guidelines to identify as yet
unknown p53 functions that are crucial for tumor suppression.
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ADDENDUM IN PROOF

While this article was under review, it was reported that the
E6 protein of an oncogenic human papillomavirus mediates
intracellular degradation of p53 but not p73p (N. S. Prabhu, K.
Somasundaram, K. Satyamoorty, M. Iterlyn, and W. S. El-
Deiry, Int. J. Oncol. 13:5-9, 1998).
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