
Proc. Natl. Acad. Sci. USA
Vol. 95, pp. 6681–6686, June 1998
Biochemistry

Non-p53 p53RE binding protein, a human transcription factor
functionally analogous to P53

XIAOYA ZENG*, ARNOLD J. LEVINE†, AND HUA LU*‡

*Department of Biochemistry and Molecular Biology, Oregon Health Sciences University, 3181 SW Sam Jackson Park Road, Portland, OR 97201; and
†Department of Molecular Biology, Princeton University, Princeton, NJ 08544

Contributed by Arnold J. Levine, April 6, 1998

ABSTRACT The transactivation activity of the p53 tumor
suppressor protein is critical for regulating cell growth and
apoptosis. We describe the identification of a transcription
factor that is functionally similar to p53 and contains the same
DNA binding and transcription activities specific for the p53
responsive DNA element (p53RE). This protein was highly
purified through chromatography from HeLa cell extracts.
The purified protein was able to bind specifically to the p53RE
derived from a p21waf1 promoter and to stimulate p53RE-
dependent transcription but not basal transcription in vitro.
Its DNA-binding activity was inhibited by the wild type but not
mutant p53RE-containing DNA oligomers. Also, this p53RE-
binding activity was found in human p53 null Saos-2 osteo-
sarcoma and H1299 small cell lung carcinoma cells. Interest-
ingly, this activity exhibited a p53RE sequence preference that
was distinct from the p53 protein. The activity is neither p53
nor p73, because anti-p53 or anti-73 antibodies were unable to
detect this purified protein nor were the antibodies able to
alter the p53-like activity, the p53RE-protein complex. These
results demonstrate that, besides p73, an additional p53-like
protein exists in cells, which is named NBP for non-p53,
p53RE binding protein.

Regulation of cell growth and apoptosis by the p53 tumor
suppressor protein is primarily executed through its transac-
tivation capability (1–3). Numerous studies have demonstrated
that the wild-type p53 nuclear phosphoprotein acts as a
transcriptional activator with a sequence-specific DNA-
binding activity (1–3). This protein contains three major
functional domains: (i) the N-terminal transactivation domain
(amino acids 1–45) (4, 5), (ii) the central sequence-specific
DNA binding domain (aa 113–290) (6–9), and (iii) the C-
terminal regulatory region (1, 10). The N terminus contacts
several transcription regulators including the components of
RNA polymerase II transcription machinery, such as TAFII31
and TAFII70 (11, 12), and the coactivator proteins p300 and
CBP (13–15). These interactions are crucial for the transcrip-
tion function of p53, although the detailed mechanisms remain
elusive. The C-terminus also plays a role in regulating the
p53-dependent transcription (1–3 and references therein).
Posttranslational modification such as phosphorylation of this
region and the N terminus has been postulated to activate p53’s
DNA binding (16) and transcription activities in response to
DNA damage (17–19).

The importance of the p53 transcription activity is also
evident in the fact that p53 can transactivate the expression of
many target genes. The p53 central domain specifically binds
to a p53 responsive DNA element (p53RE) with two copies of
the 10-mer (59RRRCAyTTyAGYYY39) (20, 21). The p53RE
with some variations among the p53 target genes (for example

see Fig. 4A) is usually localized at 300–2,000 bases upstream
from the transcriptional initiation site. Many putative p53
responsive elements have been identified (22) and some of
them well characterized as downstream genes in the p53
pathway (1–3). For example, the p21waf1 gene (23, 24) is
transcriptionally stimulated by p53 and mediates in part a G1
arrest, by binding to and inhibiting CDK family kinases (25).
Also, the expression of the cellular p53 negative regulator,
MDM2 (26, 27), is elevated by p53, forming a negative
regulatory feedback loop (28, 29). Moreover, p53 stimulates
the expression of several apoptosis regulatory genes (30)
including Bax1 (31), which may serve as downstream mediators
of p53-induced apoptosis (30, 31). Thus, the transcription
activity of p53 is important for its function to protect cells from
undergoing tumorigenesis. The central DNA-binding domain
is evolutionarily conserved from Xenopus to human (32) and
is the region that sustains the mutations during carcinogenesis
(33).

Given the central role that p53 mutations play in the origins
of cancer, it was perhaps surprising that related transcriptional
activities have not been reported until recently. A p53-related
gene product, p73, containing '60% identity of amino acid
sequences in the DNA binding domain has been described
(34). P73 can transcriptionally activate p53 target genes such
as p21 or bax-1, and induce growth suppression or apoptosis
(34, 35). These studies suggested the possibility that there may
be other p53 homologs in cells.

As a first step in investigating these possibilities, a search was
initiated for p53-independent transcription and DNA-binding
activities that were specific to the p53RE derived from the
p21waf1 promoter (23, 24). Using a conventional fractionation
procedure with HeLa cell nuclear extracts, a p53-like tran-
scriptional factor was identified. This factor has been highly
purified. It exhibits a p53RE-specific DNA binding and trans-
activation activity in vitro. This protein was neither p53 nor
p73, as anti-p53 and anti-p73 antibodies failed to alter the
DNA-protein complexes nor detected any polypeptide in the
purified protein sample. This activity was also found in p53-
deficient Saos-2 and H1299 cell lines. Interestingly, this protein
displayed a p53RE sequence preference distinct from p53
itself. These results demonstrate the existence of another p53
functional homolog in cells. Because of its functional similarity
to p53, this activity has been named non-p53 p53RE binding
protein (NBP).

MATERIALS AND METHODS

Cell Culture. Human cervical carcinoma HeLa, human
osteosarcoma Saos-2, and small cell lung carcinoma H1299
cells were cultured as described (11, 36, 37).
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Preparation of Nuclear Extracts. Nuclear extracts were
prepared from Soas-2, H1299 and HeLa cells by using a
method described previously (38).

Purification of the p53-Like Transcriptional Factor NBP.
Nuclear extracts [0.6 g (in 60 ml)] from '1010 HeLa cells was
used as starting material and was fractionated through phos-
phocellulose (P11) and DEAE Sepharose columns as de-
scribed (39). The p53RE-binding and transcriptional activities
of the fractions were assayed by using electrophoretic mobility-
shift assay (EMSA) and in vitro transcription reaction as
described before (11, 40). P53RE DNA binding and transcrip-
tion activities were found in the 0.5 M wash of the first column
and the flow through fraction from the second column (Fig.
2A). This active flow through material (6 mg) was further
fractionated on a MonoS (HR10y10, Pharmacia) column that
was equilibrated with buffer C 100 (BC100) containing 20 mM
TriszHCl (pH 7.9), 0.1 mM EDTA, 10% glycerol, 100 mM KCl,
4 mM MgCl2, 0.2 mM phenylmethylsulfonyl f luoride, 1 mM
DTT, and 0.25 mgyml of pepstatin A. Proteins were eluted with
a linear gradient of KCl from 0.1–0.8 M. The pool (1.2 mg) of
fractions containing the p53RE-binding activity was dialyzed
against BC100 and further purified on a smaller MonoS
(HR5y5, Pharmacia) column with a different linear gradient
range of KCl from 0.1 to 0.5 M. The pool (0.7 mg) of the
p53RE-binding activity containing fractions was dialyzed
against a buffer identical to BC100 except 1.3 M ammonium
sulfate used and loaded onto a micro phenol Superose column
(Pharmacia) for further purification. The active protein frac-
tions were dialyzed against BC50 (50 mM KCl) and stored at
280°C for further analyses.

EMSA. This assay was performed based on a published
method (20, 40). The protein components, as indicated in
figure legends, were incubated with 39end-labeled DNA frag-
ments harboring two copies of the p53RE sequence (5,000
cpm, 1.0 ng DNA per assay) for 30 min at room temperature.
The reaction mixture (20 ml) contained 10 mM Hepes buffer,
pH 7.5, 4 mM MgCl2, 60 mM NaCl, 0.1 mg poly(dIdC), 0.1%
Nonidet P-40, and 0.1 mM EDTA. The complexes formed
were separated by electrophoresis on a 4% native gel.

In Vitro Transcriptional Assay. Mixtures (40 ml) for the
specific transcription reaction as described (11, 41) were
incubated at 30°C for 60 min. and contained 20 mM Hepes
buffer (pH 7.9), 8 mM MgCl2, 60 mM KCl, 10 mM Ammonium
sulfate, 12% glycerol, 10 mM 2-mercaptoethanol, 2% (wtyvol)
PEG 8,000, 20 units RNase T1, 0.6 mM ATP and CTP, 15 mM
[a-32P]UTP (10,000 cpmypmol), and 0.5 mg of p53RE-
adenovirus major late promoter (AdMLP) or AdMLP plasmid
DNAs (11). The transcription factors purified by published
methods (41 and references therein) were: TFIIA (DEAE-
5PW fraction, 250 ng), rTFIIB (P11 fraction, 30 ng), purified
eTFIID (12CA5 immunoaffinity column, 60 ng), rTFIIE
(Sephacryl 200, 30 ng), rTFIIF (40 ng), TFIIH (mMono Q, 40
ng), and RNA polymerase II (DEAE-5PW, 50 ng). RNA
transcripts of the reactions were separated by a urea-PAGE
and visualized by autoradiography.

Chemical Footprinting Analysis. A chemical footprinting
assay was performed as described (42). DNA-protein com-
plexes were formed as described above. Before electrophore-
sis, the p53RE-containing DNA templates were digested
with a chemical mixture of methidiumpropyl-EDTA-(Fe)II
and Fe(NH4)2(SO4)2. The reactions were halted by addition
of 1 ml of 0.5 M EDTA and the complexes were separated by
a native PAGE. The DNA fragments in the complexes were
electroeluted from the gel and subjected to electrophoresis
on an 8% polyacrylamide sequencing gel. The G and G 1 A
DNA ladders were prepared by the Maxam–Gilbert method
(43).

Western Blot Analysis. The protein fractions from different
columns and nuclear extracts were subject to SDSyPAGE.
Western blot analysis was carried out as described (11) using

anti-p73 (anti-p73-a and p73-b mAbs provided by William
Kaelin) and anti-p53 antibodies and proteins were detected
with enhanced chemiluminescence reagents (Amersham).

RESULTS AND DISCUSSION

Identification of a p53RE-Dependent DNA-Binding and
Transcription Activity from HeLa Cells. During the purifica-
tion of general transcription factors specific for RNA poly-
merase II from HeLa cell nuclear extracts (39–41), the frac-
tions from the first two columns (see the purification chart in
Fig. 2 A) were examined to determine whether a transcription
activity driven by the p53RE-containing promoter was present
by using an in vitro specific transcription run-off assay as
described in Materials and Methods (11, 41). Two DNA tem-
plates (Fig. 1A) used in this reaction were the AdMLP, which
is linked to a G-less cassette of 400 bases located 39 to the
transcriptional initiation site (44), with or without two copies
of a synthetic p53RE sequence derived from either the p21waf1

(20, 21) or the MDM2 (26, 27) promoters as described (11).

FIG. 1. Identification of a p53RE-dependent DNA binding and
transcription activity. (A) A p53RE-dependent transcription activity
in HeLa nuclear extracts. The fractions (2 ml) from P11 column and
DE-52 column were assayed for the transcriptional activation by using
AdMLP promoter-derived templates with or without the p53RE as
indicated on right, as described in Materials and Methods. The fractions
tested are indicated on top. (B) The effect of anti-p53 antibodies and
DNA oligomers on the p53RE-binding activity in the flow through
(FT) of DE-52 column. 1 ml of the FT sample was used in the assay
containing 5,000 cpm of the p53RE probes (1 ng) digested from the
p53RE-AdMLP DNA template used in the above transcription reac-
tion. 0.5 mg of poly(dIdC) as nonspecific competitors in all the
reactions and additionally, 0.3 mg of specific DNA competitors as
indicated on top were used in lanes 4 and 5. 0.5 mg of antibodies as
indicated on top was used. On lane 2, 100 ng of p53 purified from
baculovirus-infected insect SF9 cells was used.
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The proteins (39–41) used in the reaction included RNA
polymerase II, TFIIA, eTFIID, and TFIIH purified from
HeLa nuclear extracts, recombinant (r) TFIIB, rTFIIE, and
rTFIIF purified from Escherichia coli. A p53RE-dependent
transcription activity was detected in two fractions, the 0.3 M
salt wash of the P11 column and the flowthrough (FT) of
DE-52 column, which derived from the 0.5 M wash of P11. This
transcription activity was specific to the p53 binding site
(Upper), but rarely detectable when a p53RE-less template was
used (Lower). The 0.3 M wash was later found to contain

anti-p73 antibody-reacting materials determined by Western
blot analysis (Fig. 3) and thus that transcription activity may be
mediated by the p73 protein. The FT of DE-52 was chosen for
further purification because this fraction appeared to possess
a higher activity than the 0.3 M fraction of P11 (compare lane
3 with lane 2). This result indicates that there is a p53RE-
dependent transcription activity in HeLa cells, which may not
be due to p53. p53 is hardly detectable in the HeLa cells due
its proteolytic degradation enhanced by the papillomavirus E6
oncoprotein (45).

FIG. 2. Purification and functional characterization of NBP. (A) Purification steps of the NBP protein from HeLa cell nuclear extracts and
analyses of the fractions from the last phenol Superose (fS) by EMSA and silver-staining SDS-PAGE. The columns used for purification of the
p53RE-mediated transcription activity were listed on right. On left are shown the results from EMSA (Upper) and silver-stained SDSy10%
polyacrylamide gel analyses of the peak fractions from the last column. For EMSA, 2 ml of each fraction was used & for silver-staining gel, 10 ml
of each fraction was directly loaded. NBP and p indicate the polypeptide band on the denatured gel, which is corresponding to the p53RE binding
complexes on the EMSA gel. #, The polypeptide (Lower) that may be responsible for the smeared DNA-protein complex on the native gel (Upper).
(B) The effect of anti-p53 antibodies and DNA oligomers on the p53RE-binding activity of the purified NBP. Fraction 31 (60 ng) was used in this
EMSA. 0.5 mg of 421 and 1801, 0.1 mg of each oligomer as indicated on top were incubated with the purified protein 15 min before addition of
the 32P-labeled p53RE DNA probe mixture into the mixture. Similar assays were conducted with anti-p73 antibodies and the mutant p53RE DNA
oligomers derived from the p21 promoter. Anti-p73 antibodies and the mutant oligomers did not affect the NBP-p53RE complex (data not shown).
New Comp., The NBP-p53RE complex. (C) The transcription activity of NBP in vitro. The in vitro transcription assay was conducted by using the
same conditions as for Fig. 1A. Fraction 31 (60 and 120 ng) of the phenol Superose (fS) column and purified p53 (40 and 80 ng) were used in
the reaction, respectively. (D) The chemical footprinting analysis of the purified NBP protein. For each lane, the DNA probes were pooled from
quadruple DNA-binding reactions.
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To test whether the transcriptionally active FT fractions
possess a p53RE binding activity, EMSA was conducted with
the p53RE-containing DNA fragment derived from the p21
promoter (20, 21). The DE-52 FT exhibited a DNA-protein
complex (lane 3, Fig. 1B) distinct from the p53-DNA complex
(lane 2). This complex was competed specifically by wild-type
(lane 4) but not mutant (lane 5) p53RE-containing DNA
oligomers, indicating that this is a p53RE specific DNA
complex. The two anti-p53 mAbs Pab1801 and Pab421 (lanes
8 and 9) did not affect (i.e., gel shift) the new DNA-protein
complexes. The p53 protein was not detected either in the
fractions by immunoprecipitation with another anti-p53 mAb
Pab 1621 (its epitope locates at aa 88–103) followed by
Western blot analysis with 1801 recognizing the aa 32–79 or
421 interacting with the aa 370–378 (data not shown). As
controls, preimmune serum, anti-TAFII31 and anti-Sp1 anti-
bodies did not affect these complexes. Thus, these results
suggest that a human transcription factor that binds to the
p53RE, but is not itself p53, might be detected in these
fractions.

Purification of the p53RE-Binding Activity. To learn the
nature of the activity and to further characterize it, we decided
to purify this new factor by monitoring the p53RE-binding
activity using EMSA through conventional chromatography.
This p53RE binding activity has been extensively purified
through five columns, P11, DE-52, MonoS (large), MonoS
(small), and phenol Superose (Fig. 2A). Starting with 0.6 g of
HeLa nuclear extracts, we ended with 5 mg of proteins that
contain the p53RE-binding activity. A representative result in
Fig. 2 A displays the silver-staining and EMSA of some protein
peak fractions from the last column. As it reveals, the fractions
31 and 33 of the phenol Superose column exhibited sharp
p53RE-protein complexes (Fig. 2A Upper). Noticeably, the
fraction #18 also showed a smeared, slowly migrating DNA-
protein complex that copurified with a predominant polypep-
tide of '90 Kd. This protein was excluded as a candidate
because we determined that it is the poly(ADP ribose) poly-
merase by micropeptide sequencing. Poly(ADP ribose) poly-
merase modifies nuclear proteins by poly(ADP ribosyl) action
(46) and binds to DNA oligomers nonspecifically as confirmed
by a chemical footprinting analysis (Fig. 2D, lane 5). Hence, the
active fractions 31–33 were further analyzed as described
below.

NBP Is Neither p53 Nor p73. As shown in Fig. 2 A, several
polypeptides appeared to cofractionate with this DNA binding
activity as analyzed by silver-staining after SDSyPAGE (Fig.
2A Lower). The polypeptide migrating at the '44 Kd position
appears to be a good candidate for the following reasons: (i)
The protein density of this band correlates with the strength of
the p53RE-binding activity (compare fraction 31 with fraction
33); (ii) The DNA-protein complex formed with this protein
migrates faster than the p53-DNA complex (Fig. 2 A), consis-
tent with the size of this polypeptide ('44 Kd). Hence, we
believe that the 44 Kd polypeptide may represent NBP.

P53 was not present in the active fractions as none of the
anti-p53 antibodies either reacted with proteins in the fractions
by immunoprecipitation-Western blot analysis analyses (data
not shown) or altered the DNA-protein complex formed with
the fractions (Fig. 2B). Also, a band that comigrates with p53
was not visualized on the silver-stained SDS-gel (Fig. 2 A
Lower). The 44 Kd protein is not the proteolytic product of p53
for two reasons: (i) Neither 1801 nor 421 antibodies detected
a protein from the fractions 31 and 33, indicating that none of
the p53 fragments containing the N or C terminus exists in the
fractions; and (ii) The fraction 31 was active in the in vitro
p53RE-dependent transcription assay (Fig. 2C). P53 with a
deleted amino terminus is not functional in a transcription
assay (4–8). Thus, these results suggest that this transcription
activity is not p53.

P73 is not likely NBP either (Fig. 2 A) as evident from these
observations: (i) The new DNA-protein complexes migrated
faster than the p53- or p73-DNA complex (Fig. 2 A and data
not shown), suggesting that a polypeptide smaller than p53 or
p73 may be the candidate; (ii) p73 was hardly detectable in the
active fractions using Western blot analysis with anti-p73 mAbs
(Fig. 3, lanes 7 and 8). Instead, a significant amount of the p73
protein was detected in the 0.3 M fraction of the P11 column
(Fig. 3, lane 3), which contains a p53-like transcription activity
(Fig. 1 A). Although the real native molecular mass of NBP
remains to be determined, its DNA complex would not be as
small as was detected (Figs. 1B and 2B) if it was composed of
a polypeptide .70 Kd. It remains formally possible that NBP
could be an as yet undetected splice variant of p73 that fails to
react with the available antibodies.

The Partially Purified NBP Is Active in p53RE-Binding and
Transcription Reactions in Vitro. To verify whether NBP truly
binds to the p53 responsive DNA site, oligomer competition
EMSA and footprinting analyses were utilized. The p53RE-
NBP complex was reduced (Fig. 2B, lane 5) in the presence of
the p53RE-containing oligomer from the p21waf1 promoter but
not of nonspecific DNA oligomers (lanes 6 and 7). A chemical
methidiumpropyl-EDTAy(Fe)II method was employed for the
footprinting analysis, as described (42). The chemical foot-
printing analysis showed that NBP from the fraction 31 of
phenol Superose, like p53, protected the exact p53RE 20 mer
from digestion by the methidiumpropyl-EDTA reagent (Fig.
2D, compare lanes 4 with 6). In contrast, the proteins in the
fraction 18 was unable to protect this sequence specifically
(lane 5). This clearly proves that NBP possesses a bona fide
p53RE-binding activity. Accordingly, the purified NBP pro-
tein, like p53 (Fig. 2C Upper, lanes 4 and 5), also stimulated the
p53RE-driven transcription in vitro (Fig. 2C Upper, lanes 2 and
3) in a dose-dependent fashion. By contrast, in the absence of
the p53RE motif, NBP was without any effect on the basal
transcription (bottom, Fig. 2C). Thus, the purified NBP is
active in both p53RE-dependent DNA binding and transcrip-
tion reactions in vitro.

FIG. 3. The Western blot analysis of the fractions from P11 and
DE-52 columns using anti-p73 mAbs. Twenty-five microliters of each
fraction or HeLa cell nuclear extracts as indicated (Top) was directly
loaded onto a SDSy10% polyacrylamide gel. The antibodies recognize
both the a and b forms of the p73 protein (35). The asterisk denotes
that those signals picked up by the antibodies could be due to
nonspecific cross reaction or to the proteolytically degraded products
of p73. The band on lane 4 (fraction 0.5 M of P11) may be p73b. The
numbers on top indicate the salt concentration that was used to wash
the proteins from the columns.
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The Differential Binding Affinities of NBP and p53 to
Different p53RE Motifs. Consistent with the above results, an
NBP-like p53RE binding activity was also identified in two
human p53 null cell lines: Saos-2 and H1299 cells (data not
shown), confirming the existence of the NBP activity in cells.
It was observed that the NBPp53RE complexes from these cell
extracts were readily abolished by the p53RE-containing oli-
gomers derived from the p21 promoter but not from the
GADD45 promoter (data not shown). This suggests that the
activity may have a different affinity to the different p53RE
motifs. Supporting this idea is the fact that the p53RE se-
quence from one p53 target promoter always differs from that
derived from other p53 target genes. For instance, the Bax1-
derived p53RE motif has four mismatches, whereas the
GADD45-derived p53RE only possesses a single mismatch,
compared with the p53RE consensus sequence (Fig. 4A). It is
also possible that NBP and p53 may have different affinities for
the same p53RE motif. To test these ideas, the following
oligomer competition experiment was conducted (Fig. 4B).
P53 was preincubated together with H1299 nuclear extracts in
the presence of increasing amounts of the nonlabeled oligomer
competitors at room temperature for 10 minutes before ad-
dition of the 32P-labeled p53RE oligomer probes derived from
the p21 promoter. Interestingly, 10 ng (10-fold more in molar

ratio than the probe) of the p21-, MDM2-, and Bax1-derived
p53RE motifs completely abolished the NBP-DNA complex
but not the p53-DNA complex (compare lane 4 with lanes 5,
7, and 13). In contrast, the same amount of the GADD45-
derived p53RE sequence conversely competed out the p53-
DNA complex but not the complexes formed with NBP
(compare lane 4 with lane 9). These differential effects of the
distinct p53RE motifs on the two types of p53RE-protein
complexes were dose-dependent. The more oligomer compet-
itors were added, the fewer DNA-protein complexes were
formed (lanes 6, 8, 10, and 14). These complexes are specific
to the p53 binding DNA motif, as neither random sequences
nor dIdC oligomers at the same concentration blocked any of
the DNA-protein complexes (compare lane 4 with lanes 11, 12,
15, and 16). Also, p53 appeared to compete with the NBP
activity for the p53RE probes, as lower levels of the NBP-DNA
complex were observed when the p53 protein was mixed with
the H1299 nuclear extracts (comparing lane 4 with lanes 5 and
6 Left). Notably, the H1299 nuclear extracts may possess a
factor that activates the DNA-binding activity of p53 as the
p53-DNA complex increased when p53 was blended with the
nuclear extracts (compare lanes 2 with 4). Taken together,
these results, which were reproducible, suggest that p53 has a
higher affinity for the p53RE motifs with fewer mismatched
nucleotides, such as GADD45, while the NBP-like protein
preferentially binds to the p53RE motifs that harbor more
mismatched nucleotides, such as p21waf1 and Bax1.

In summary, these results demonstrate that there is an
NBP-like activity in cells and also suggest that p53 and NBP
may differentially target a subset of the p53 responsive genes
under selected physiological circumstances. The physiological
level of or possible interaction between the two proteins may
play a role in determining which is primarily responsible for
activation of certain p53 target genes in response to a variety
of intracellular or extracellular signals or at certain stages of
cell cycle (1–3). This remains to be addressed when the NBP
cDNA becomes available. It would also be interesting and
important to learn how differently p73 binds to the p53RE
motifs by comparing it with NBP and p53.

Most recently, a murine cellular p53RE-binding activity
called p53 competing protein was identified by searching for a
regulatory activity specific for the putative p53 binding se-
quence derived from the TIMP-3 promoter (47). It is unclear
at present whether p53 competing protein and NBP are related
proteins from the mouse and human respectively. Both p53
competing protein and NBP support the idea that additional
p53 homologs exist in cells. Elucidation of each member of the
p53 family (34, 35, 47) should be important for a better
understanding of the networking among these components in
regulating cell growth and controlling tumorigenicity.
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