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Abstract

p73, the p53 homologue, was shown to
have remarkable sequence similarity to the
DNA-binding, transactivation, and oligomeri-
zation domains of p53. It possess
oligomerization and transactivation properties
similar to p53 and can activate p53-responsive
genes such as p21, and suppress cell growth by
inducing apoptosis. In the previous study, we
found that p73 was not mutated in
hepatocellular carcinomas and that the levels of
p73 were elevated in the cancerous tissues as
compared to their normal counterparts. In this
study, we have worked on exploring the
mechanisms regulating p73 gene expression,
including methylation and promoter/enhancer
studies. First, we anadyzed the methylation



patterns in the promoter and exon 1 regions of
p73 gene in cancerous and normal tissues.
Results indicate that there are no methylations
associated with either cancerous or normal
samples. Secondly, we cloned a 1.3 kb DNA
fragment of the p73 promoter region and made
a series of deletion constructs fused to either
GFP or luciferase reporter gene. Transient
transfection anaysis revealed that the 1.3 kb
fragment had the highest promoter activity
compared to the other shorter constructs but
p-136 (-136 to exon 1) aready had the basal
promoter activity. Finally, we cloned the p73
cDNA from zebrafish ovary RNA. The
consensus open reading frame (1923 bp)
encodes a polypeptide of 640 amino acids
which shares 95, 71, 71, 70 and 32% identity to
the p73 of Dbarbel, mouse, human,
Cercopithecus aethiops (African green monkey)
and Mya arenaria(sftshell), respectively.
RT-PCR analysis reveded that zebrafish p73
was expressed in restricted tissues such as skin,
fin, brain, ovary and testis, in contrast to the
more ubiquitous expression of zebrafish p53.
During embryonic development, expression of
p73 was detected at 3 hours post fertilization
(hpf), and thereafter through 120 hpf. By
wholemount in situ  hybridization and
immunohistochemical staining, p73 was found
expressed in the olfactory bulb —ike region and
in the granulosaltheca cell layer of the ovary
and in the Leydig/Sertoli cells of the testis.
Zebrafish p63 homologue has been cloned
using the same strategy and expression profile
also examined. These results indicated that p73
may participate in certain aspect of ovary/testis
function, as well as in the signaling in the
sensory organ. Further experiment using
morpholino antisense oligo of p73 will be
conducted to dissect the role of p73 in
zebrafish development.

Keywords: p73, methylation, gene expression,
zebrafish development
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p73 is a novel p53 homologue which is
found to possess remarkable sequence
similarities to the DNA-binding,
transactivation, and oligomerization domains
of p53 (1). This gene has been characterized
extensively for its biological functions in vitro.
It was shown that p73 possessed
oligomerization and transactivation properties
similar to p53. It can activate p53-responsive
genes such as p21, and suppress cell growth by
inducing apoptosis (2). However, p73 is not
activated by radiation-induced DNA damage
(1), and vira oncoproteins such as SV 40 Tag
and adenovirus E1B do not physically interact
with p73 (3). p73 has an additional conserved
domain at its C-terminus which may have
regulatory function. Moreover, oncoprotein
MDM2 can bind p73 without targeted
degradation (4). All these data suggest that
there are functional differences between p73
and p53.

p73 is mapped to chromosome 1p36.33, a
region which is found to be frequently deleted
in neuroblastoma and other tumors (1).
Whether aterations of p73 contribute to the
development of human cancers have been
tested by screening a large numbers of different
cancers for mutations in the p73 gene. So far,
extensive search has led to the conclusion that
somatic mutations of the p73 gene are
infrequent in various human cancers (5). Thus,
p73 does not seem to play a role as a tumor
suppressor in the development of human
cancers. On the contrary, we and others have
found that the levels of p73 are elevated in the
tumor tissues as compared to their normal
counterparts (6). This observation raises
interesting questions as to how expression of
p73 is regulated in normal versus tumor cells
and whether elevated expresson of p73
contributes to the progression of some tumors.

In contrast to the increased expression in
some solid tumors, however, it has been shown
that expression of p73 was negligible in a
sizable proportion of lymphomas and



leukemias. Reduction of expression was
correlated to hypermethylation in the 5’ region
of p73 (7,8), suggesting an important role of
DNA methylation in transcriptional regulation.
Tissue-specific methylation has been shown to
correlate with tissue-specific gene expression
(9. p73 was initidly thought to be
monoallelically expressed, a phenomena
commonly linked with imprinting. But later it
was found both monoaldicaly and
biallelically expressed in a variety of
normal/cancer tissues, indicating a complex
tissue-specific regulation mechanism.

To explore the molecular mechanisms
by which expression of p73 gene is
regulated, we proposed to 1) look for the
methylation pattern in the 5’ region of p73
and determine if there is any aberrant or
tissue-specific methylation associated with
altered expression. 2) look for and analyze
the tissue-specific regulatory sequences in
the p73 promoter. 3) determine the

expression profiles of p73 during
vertebrate development.
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1) Methylation analysis of the p73 gene.
p73 was shown to be hypermethylated in exon
1 region in some lymphomas and leukemias,
and this was correlated with its low or absence
in expression in these maignancies. We
therefore analyzed the methylation patterns of
p73 in both exon 1 and the 5° promoter region
to see if there is any methylation which may be
corrdlated with  p73's  expression in
hepatocellular carcinoma. DNAS isolated from
normal and cancerous tissues were first
digested with ether methylation-sensitive
enzyme Hpall or methylation-resistant
isoschizomer Mspl. The digested DNAs were

then amplified by PCR using 2 primer sets: m1:

5 -GAAGGGGACGCAGCGAAAC-3, mz:
5-CTACCTGCAGCCGTCGCAG-3', and m3:
5'-GACTTGGACGCGGCCAGCTG-3', m4:
5-GTTTCGCTGCGTCCCCTTCG-3', which

amplifies the potential CpG islands in exon 1
and the upstream promoter region, respectively.
The result indicated that none of the normal
and cancerous liver tissues were methylated in
the two regions assayed. In contrast, DNAs
from Raji and U937 cell lines, in which p73
has been shown to be methylated in the exon 1
region, were fully methylated in both regions
(6). Thus, methylation does not seem to play a
role in p73 expression at least in liver cells.
This further supports the notion that there are
complex tissue-specific regulation mechanisms
that control the expression of p73.

2) Promoter analysis of the p73 gene. We
have PCR amplified and cloned a DNA
fragment of about 1.3kb which consist of the 5’
promoter region and exon 1 (5-UTR) of p73
gene. We then made a series of deletion
constructs containing different lengths of p73
promoter fused to either green fluorescent
protein (GFP) or the luciferase reporter gene.
Transient transfection analyses were performed
in HepG2 cells (a human hepatoma cell line)
using lipofectamine reagent. A pCDNA-LacZ
construct was cotransfected with p73
constructs to monitor and normalize the
efficiencies of transfection. Preliminary
results showed that p-1200 (-1200 to exon 1)
had the highest promoter activity compared to
the other constructs but p-136 (-136 to exon 1)
already had the basal promoter activity. Since
there are numerous transcription factor binding
sites in this region, dissecting of these binding
sites are necessary to understand the regulation
mechanism.  Further experiments will involve
site-directed mutagenesis to test the roles of
these putative cis-elements. In addition, cells
other than HepG2 will also be used to test the
tissue specificity.

3) Expression profiles of p73 during
vertebrate development. The zebrafish is a very
good mode for studying vertebrate
development. We have therefore set up the
culturing and breeding system of zebrafish in
the lab. RNAs were isolated from different




tissues and RT-PCR analysis performed using
primers designed from the conserved sequence
in p73 of other species. The result indicated
that p73 homolog was most abundant in the
ovary. From RT-PCR and 3'-RACE, we
amplified 4 overlapping fragments of about
570 bp, 1200 bp, 220 bp and 640 bp. (Fig. 1)
Sequencing and analysis of these fragments
revealed a consensus sequence of 2398 bp that
contains an open reading frame (ORF) of 1923
bp and 37 bp and 437 bp in 5 and 3'-UTR
region, respectively. This ORF encodes a
polypeptide of 640 aa which shares 95, 71, 71,
70 and 32% identity to the p73 of barbd,
mouse, human, Cercopithecus aethiops
(African green monkey) and Mya arenaria
(sftshell), respectively (Table1). To look for the
expression profile of p73, RNA was isolated
from different adult tissues and RT-PCR
analysis was carried out. The result showed
that zebrafish p73 was expressed in skin, fin,
brain, ovary and testis. Lower expression was
also detected in spleen and liver but not in
other tissues. In contrast to this restricted
expression pattern, zebrafish p53 was detected
in most tissues examined (Fig. 2). During
embryonic development, p53 was detected as
ealy as 2 hours post fertilization (hpf),
suggesting that it is a materna effect gene.
However, expression of p73 was not detected
until 3 hpf, but was on thereafter through 120
hpf (Fig 3). By wholemount in situ hybridi-
zation and immunohistochemical staining, p73
was found expressed in the olfactory bulb —ike
region and in the granulosa/theca cell layer of
the ovary and in the Leydig/Sertoli cells of the
testis (Fig 4). This expression pattern of p73in
ovary/testis was also conserved in the mouse,
suggesting a functional role of p73 in these
organs. Zebrafish p63 homologue has been
cloned using the same strategy and expression
profile also examined.
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The research described above basically
follows the outlines presented in the original

project and is in the proposed timeframe. We
have finished the experiments proposed in
specific aim 1, and results are being published
(6). As to specific am 2, due to lack of
manpower and inconsistency in the transfection
efficiency, the promoter study has been delayed.
We have directed our attention to specific aim
3 but are planning to use a different system to
study the promoter activity when the
manpower is not limited. So far, no one has
published the sequence of p63 and p73 in
zebrafish. We have cloned the zebrafish p73
and p63, studied the expression profile during
development and in adult tissues. The next will
be addressing their biological roles in
development directly by disruption of their
function. This will be done by injecting the
morpholino antisense oligos into fish embryos
and following the courses of development.
Manuscript of thiswork is under preparation.
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Fig.2 RT-PCR showing the expression of
p73, p63, p53 and EG (elongation factoral)
in different adult tissues in zebrafish. EG

Teblel. served as an internal control. RNAS
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Zebrafish p73 cDNA (2398 bp) . . .
Fig.3 RT-PCR anaysis of p53 family gene

Fig.1 The strategy of cloning cDNA encoding expresson during different stages of
a fragment of zebrafisn p73. Primers used embryogenesis in zebrafish. Hpf: hours
for PCR and RACE amplification are post fertilization. EG ( elongation factor
indicated. 1) isused as an internal control.



a P73 antizense b P73 sense

Fig. 4 Wholemount in situ hybridization of zebrafish embryo at 24 hpf. a, p73 antisense
probe. b, p73 sense probe. A, artery. T, tail. O, olfactory system.

Ovary (zebrafish)
a 40X 100X 400X

Fig. 5 Immunohistochemica staining of p73 a in zebrafish ovary. CON: control,
without antibody; b, H & E staining. The positive stains are the granulose/theca cell
layers.
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