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may somehow contribute to the pathogenesis
of hepatocellular carcinoma.
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Mutations in the p53 tumor suppressor
gene have been found in about half of all
human cancers. The possible mechanisms by
which p53 inactivation contributes to
tumorigenesis have been linked to its growth
suppressive and apoptosis-inducing activity.
Loss of p53 function appears to confer
selective advantages on cell growth through
deregulated growth and resistance to cell
death.

For nearly two decades, p53 has been
regarded as an orphan with no family proteins
or relatives. But recently, several novel genes
encoding proteins with remarkable sequence
homology to p53 and functionally resembles
p53 were cloned (Kaghad et al., 1997; Osada et
al., 1998; Trink et al. 1998; Yang et al., 1998,
Senoo et al., 1998). One of these genes was
termed p73. The homology between p73 and
p53 is extensive within the most conserved p53
domains involved in transactivation, DNA
binding, and oligomerization (Kaghad et al,
1997). Significantly, residues that correspond
to the mutational hot spots in tumors are
conserved in p73. It was shown that p73 has
oligomerization and transactivation activities
similar to p53. Moreover, p73 could activate
p53-responsive genes such as p21, inhibit cell
growth and induce apoptosis in a p53-like
manner in cultured cells (Jost et al, 1997).

p73 was mapped to chromosome 1p36, a
region which 1is frequently deleted in
neuroblastoma and other tumors. Based on this
finding and the striking similarities of p73 with
pS53, it 1s tempting to postulate that p73 may
act as a tumor suppressor like p53 does.
However, recent studies have shown that
allelic loss of 73 was rare and mutations in the
p73 gene were not found in a variety of human
cancers. In some cases, activation of the silent

allele or overexpression of the wild type p73
was even reported. These data suggested a
totally contrary role of p73 as a tumor
Suppressor.

Originally we proposed a three-year study
to investigate the potential involvement of p73
and p51 in the pathogenesis of human cancers,
and to investigate the biological function of
p73 and p51 in cell differentiation and
development. However, the reviewer did not
favor the proposed aim two and thus the grant
is cut into a one-year study. We therefore
performed most works as stated in spectfic aim
one but not aim two. Because loss of
heterozygosity on chromosome 1p36 was
found in 30%-33% of hepatocellular
carcinomas (Yeh et al. 1994; Kuroki et al.
1995), we investigated the role of p73
alteration in the pathogenesis of hepatocellular
carcinoma by examining the presence of allelic
loss, allelic expression imbalance and
mutations of the p73 gene in hepatocellular
carcinomas.
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We have collected 18 pairs of matched
normal and hepatocellular cancer tissues,
isolated their genomic DNAs and RNAs. To
determine if there is loss of heterozygosity in
the p73 gene, we first PCR-amplified a
genomic fragment containing part of exon 2
and then checked a polymorphism in exon 2 by
restriction fragment length polymorphism
(RFLP) analysis. The result revealed that 5 out
of 15 normal samples were heterozygous and
none of them were lost in the cancer
counterparts (Pan et al. manuscript in
preparation; table 1 and fig.1).

Further analysis of the RNA samples from
matched normal and cancer tissues by
RT-PCR-RFLP assays revealed that both
alleles were present in RNA samples from the
five heterozygous individuals, indicating that



p73 was biallelically expressed in the liver
tissue (table. 1). This is different from what
was reported in the peripheral blood, where
monoallelic expression of 73 was observed.
Thus, monoallelic expression could not
possibly account for the mechanism of LOH, at
least in hepatocellular carcinomas.

Since there was no LOH and the gene was
biallelically expressed, we then performed
single strand conformation polymorphism
(SSCP) and sequencing analysis to look if
there 1s any mutations present. We synthesized
7 pairs of exon primers which amplified 7
overlapping fragments encompassing the
mRNA, and 14 pairs of intron primers which
amplified the 14 exons. Products from either
RT-PCR or genomic PCR were analyzed by
SSCP and the altered bands were then
sequenced. Summation of the results revealed
several polymorphisms in exon 6, 9, 14, as
well as some variations in intron 6 and 9, but
no mutations were found in the entire coding
sequence of the p73 gene (table 2).

Most interestingly, however, we have
observed that the expression level of p73 was
consistently high in the cancerous tissues, in
contrast to very low expression in the paired
normal tissues (fig. 2). The elevated expression
of p73 in tumor over normal tissues has also
been reported in breast (Zaika et al. 1999),
bladder (Chi et al. 1999; Yokomizo et al. 1999),
and brain tumors (Loiseau et al. 1999). In
addition, activation of a silent allele and
overexpression of wild type p73 has been
observed in some lung cancers (Mai et al.
1998). Whether overexpression of p73
contributes to the pathogenesis or progression
of these tumors awaits further investigation.
Our data, together with those from others,
indicate that p73 may hardly function as a
tumor suppressor in a classic Knudson’s
manner. On the contrary, overexpression of
p73 may somehow contribute to the
pathogenesis of hepatocellular carcinomas.
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The research described above basically
follows the outlines presented in the original
project except that studies related to p51 were
deleted. This is largely due to the limitation in
manpower as well as the consideration of its
compatibility in this field. We have, however,
continued to work on the expression of p73.
Based on the findings from this project, we are
now expanding our efforts on exlporing the
mechanisms regulating p73 gene expression,
including methylation and promoter/enhancer
studies. We are also looking for the non-
mammalian homolog of p73 and trying to
uncover its role in development.
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Fig. 1 Examination of the allelic loss at the p73 locus in representative HCCs.
Genomic DNA was PCR ampilified and yielded a product of 185 bp which contained a
GC/AT polymorphism. Sty | digestion of PCR product derived from the AT allele
resulted in two smaller fragments of 110 bp and 75 bp, whereas PCR product derived
from the GC allele remained uncut. Lanes 1, 2, 3, 4, 7, 8 indicate heterozygous
GC/AT alleles and lanes 5, 6, 9, 10 indicate homozygous GC/GC alleles. N: normal; T
tumor. Note that the three heterozygous patients (161, 181, 280) did not show allelic
loss at the p73 locus.

Fig. 2 Expression of p73 by RT-PCR analysis in representative HCCs of paired normal
(N) and tumor (T) tissues. Note that the expression levels of p73 vary among patients but
in each case the expression is high in tumor tissue as compared to the negligible
expression in normal tissue.



Table 1 Alleleotyping and allelic expression of p73 in normal and hepatocellular carcinoma tissues

Patient DNA RNA
Number Normal Tumor Normal Tumor

20 GC/GC GC/GC

115 GC/GC GC/GC

126 GC/AT GC/AT GC/AT GC/AT
127 GC/GC GC/GC

149 GC/GC GC/GC

161 GC/AT GC/AT GC/AT GC/AT
181 GC/AT GC/AT GC/AT GC/AT
216 ND ND GC/AT GC/AT
233 ND ND GC/AT ND
244 ND ND GC/GC ND
250 ND ND GC/AT ND
263 GC/GC GC/GC

280 GC/AT GC/AT GC/AT GC/AT
281 GC/GC GC/GC

293 ND ND GC/GC ND
333 GC/GC GC/GC

339 GC/GC GC/GC

401 GC/AT GC/AT GC/AT GC/AT

ND:not determined

Table 2 Polymorphism of p73 gene identified in HCC

Nucleotide Exon/Intron Nucleotide Amino

number change Acid

nt 836 Exon 6 A—PG Pro—»Pro
Exon 6+52 Intron 6 c—»G —

nt 1157 Exon 9 T—»C His—His
Exon 9+24 Intron 9 A—>G -

nt 1781 Exon 14 G—PA Ala—PAla

nt 1940 Exon 14 G—PA Ala—PAla




