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ABSTRACT

Aberrations of the p53 gene in 43 primary hepatocellular carcinomas
(HCCs) were examined by single-strand conformation polymorphism
analysis of polymerase chain reaction products. Of these hepatocellular
carcinomas, 22 were advanced HCCs, and 21 were early HCCs. Structural
abnormalities of the p53 gene were observed in eight of the 22 advanced
HCCs, but in none of the early HCCs. Of the eight tumors with an
abnormal p53 gene, seven had lost one of the two p53 alÃelesand, in the
seven tumors with identifiable mutations, point mutations were found in
four tumors and deletions of several nucleotides were observed in two
tumors. The remaining one retained both alÃelesand carried two point
mutations. In addition to the aberrations of the p53 gene, loss of the
retinoblastoma gene or loss of heterozygosity at chromosome 13q was
observed in six of seven informative cases of eight tumors carrying a
mutated p53 gene. These results suggest the involvement of at least two
tumor suppressor genes in a late stage of hepatocarcinogenesis.

INTRODUCTION

HCC3 is one of the most common human tumors throughout

the world and particularly in certain areas of Africa and Asia
including Japan (1, 2). Epidemiological studies have indicated
the carrier state of hepatitis B virus or intake of aflatoxin B, as
possible causative agents (3), but the molecular mechanisms of
development of HCCs are still unclear.

Recently, many studies have shown multiple genetic changes
in cancer cells, including activation of oncogenes, loss of dis
tinctive chromosomal regions, and mutation of tumor suppres
sor genes (4). However, aberrations of oncogenes including the
ras genes have been found in only a small proportion of HCCs
(5). On the other hand, frequent allelic losses at loci on chro
mosomes 4q, 16q, and 17p have been reported (6-8), suggesting
the involvement of mutations of tumor suppressor genes in
development of HCC.

One of the tumor suppressor genes, p53, which is located on
chromosome 17p, has been shown to be mutated in a wide
variety of human tumors (9, 10) including HCC (11, 12). Most
of the mutations of the p53 gene so far reported were loss of
one alÃeleand a subtle structural change of the remaining alÃele
(9, 13). These two types of aberrations can be detected simul
taneously by PCR-SSCP, a method that we developed recently
(14, 15).

Therefore, in this study, we used this method to analyze
DNAs from surgical specimens of HCC and detected mutations
of the p53 gene in 8 of 22 cases of advanced HCC but in none
of the cases of early HCC examined. We also found abnormal-
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ities of another tumor suppressor gene, RB, in almost all the
cases of advanced HCCs that had a mutated p53 gene.

MATERIALS AND METHODS

Preparation of DNA from Primary HCCs. Fresh specimens of primary
HCCs and noncancerous liver were obtained from the National Cancer
Center Hospital, Tokyo, and identified historically in the Pathology
Division of the National Cancer Center Research Institute, Tokyo.
These tissues were stored at -80Â°C. Genomic DNA was prepared by

the proteinase K-phenol-chloroform extraction method (16).
PCR-SSCP Analysis. DNA samples (0.1 Mg)were subjected to the

polymerase chain reaction in the mixture (S /il) described previously
(17) using two appropriate oligonucleotides as primers. The nucleotide
sequences of the primers used are shown in Table 1. The 5'-ends of

these primers were labeled by the polynucleotide kinase reaction with
[7-32P]ATP as described previously (18).

The PCR mixture (5 n\) was heated at 80'C with 45 n\ of forma-

mide dye mixture (95% formamide:20 mM EDTA:0.05% xylene cyanol:
0.05% bromphenol blue), and then 1 Â¿ilof the preparation was applied
to 5% polyacrylamide gel containing 45 mM Tris-borate (pH 8.3) and
4 miviEDTA. Glycerol (10%) was also added when specified. Electro-
phoresis was performed at 40 W for 2 to 4 h with cooling by a fan. The
gel was dried on filter paper and exposed to X-ray film at -80*C for 1

to 12 h with an intensifying screen.
RFLP Analysis. The analysis was carried as described previously

(19). DNA samples (5 Mg)were digested with restriction endonuclease
Mspl, and polymorphic fragments were detected by Southern blot
hybridization using a 32P-labeled probe of p7F12 from the D13S1 locus,

which was provided by the Japanese Cancer Research Resources Bank.
Direct DNA Sequencing. Nucleotide sequences were determined by

the dideoxy chain termination method with asymmetric PCR products
(20). DNA fragments showing mobility shift by PCR-SSCP analysis
were separated by and eluted from polyacrylamide gel as previously
described (21), and they were amplified by 50 cycles of the asymmetric
PCR (20) with an uneven molar ratio (10:1) of the primers. The reaction
mixture was diluted and deionized in a Centricon 30 microconcentrator
(Amicon), and the amplified single-stranded DNAs were annealed to a
5'-labeled primer. Chain elongation and termination were performed

with a Sequenase kit (United States Biochemical Corporation), and
products were analyzed in 6% polyacrylamide gel containing 7 M urea.

RESULTS

PCR-SSCP Analysis of the p53 Gene. We analyzed the p53
gene in DNAs from 43 surgical specimens of HCC by the PCR-
SSCP method. As shown in Fig. 1, nine DNA fragments (A to
/) each containing one or two of exons 2 to 11 were amplified
by the PCR using 5'-labeled oligonucleotides as primers. The

DNA fragments with nucleotide lengths of 52 to 330 base pairs
thus obtained were subjected to SSCP analysis.

As shown in Fig. la. the slower moving strand of Fragment
C had two distinct mobilities, 1 and 2. Nucleotide sequence
analysis of the fragment with Mobility 1 from Patient 6 (Fig.
2a, Lane 3N) and that with Mobility 2 from Patient 4 (Fig. 2a,
Lane 4N) revealed that the mobility shift was due to a known
nucleotide sequence polymorphism. The single nucleotide
change resulting in substitution of an amino acid in codon 72
(CCC; proline and CGC; arginine) in exon 4 of the p53 gene
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Table 1 Primers used for amplification of the p53 and RB genes

Amplified
fragmentp53

geneABCDEFGHIRB

gÃ¨ne1
IIIKHI 25NameAlA

2BlB2ClC2DlD2ElE2FIF2CIG2HlH2II1225U25DPrimersSequence5'
TGGAT CCTCT TGCAG CAGCC3'5'
CAATG GATCC ACTCA CAGTT3'5'
GCTCT TGACT TTCAG ACTTC3'5'
AACCC TTGTC CTTAC CAGAA3'5'
ATCTA CAGTC CCCCT TGCCG3'5'
GCAAC TGACC GTGCA AGTCA3'5'
TTCCT CTTCC TGCAG TACTC3'5'
GCAAA TTTCC TTCCA CTCGG3'5'
ACCAT GAGCG CTGCT CAGAT3'5'
AGTTG CAAAC CAGAC CTCAG3'5'
GTGTT GTCTC CTAGG TTGGC3'5'
CAAGT GGCTC CTGAC CTGGA3'5'
CCTAT CCTGA GTAGT GGTAA3'5'
CCAAG ACTTA GTACC TGAAG3'5'
TGTTG CTGCA GATCC GTGGG3'5'
GAGGT CACTC ACCTG GAGTG3'5'
TCTCC TACAG CCACC TGAAG3'5'
CTGAC GCACA CCTAT TGCAA3'5'

ATCGA AAGCA TCATA GTTAC3'5'
TAACG AAAAG ACTTC TTGCA 3'

has been reported by Buchman et al. (22). The fragments with
Mobilities 1 and 2 carried a proline (CCC) and an arginine
(CGC) codon, respectively, at position 72. The polymorphism
revealed that Patients 8, 3, 1, 5, and 7 (Fig. 2a, Lanes JN, 2N,
5N, 6N, and 7/V, respectively) were heterozygous at the p53
locus and that the heterozygosity was lost in the tumors from
Patients 1, 5, and 7 (Fig. 2a, Lanes 5C, 6C7, and 7C, respec
tively), suggesting loss of one of the p53 alÃeles.

In addition to the loss of one alÃele,the tumor from Patient
7 showed a mobility shift of Fragment C from the remaining
alÃele(Fig. "La,Lane 7C). This shift suggested the presence of a

mutation in exon 4 of the gene.
The mobility of the separated strands of Fragment C from

Patient 8 was slightly different from those of others (Fig. la,
Lane I). Nucleotide sequence analysis revealed that this differ
ence was due to a second nucleotide substitution in codon 49,
as shown in Fig. 3a, in addition to the DNA polymorphism in
codon 72 described above. One alÃelecarried a histidine codon
(CAT) at position 49 and a proline codon at position 72, while
the other had an aspartic acid codon (GAT) at position 49 and
an arginine codon at position 72.

Aberrations were also observed in Fragments D (Fig. 2b) and
F (Fig. 2c), carrying the regions of exons 5 and 7, respectively.
The signal corresponding to the normal sequence was greatly
reduced in the fragment from tumors of Patients 13 (Fig. 2b,
Lane 1C), 2, and 5 (Fig. 2c, Lanes 1C2 and 2C2, respectively),
suggesting loss of one p53 alÃele.The mobility shift of fragments
from the remaining alÃelein these tumors indicated the presence
of a subtle structural change in exon 5 of the gene in the tumor
from Patient 13 and in exon 7 in the tumors from Patients 2
and 5. The livers of Patients 2 and 5 contained multiple tumors,
but some of these multiple tumors did not show the mobility
shift of Fragment F described above (Fig. 2c, Lanes ICI and
2C1). The results indicated that different genetic events oc
curred independently in these tumors in the same livers.

Nucleotide Sequence Analysis of the Remaining AlÃeleof the
p53 Gene. To elucidate the structural changes causing the
observed mobility shifts, we determined the nucleotide se
quences of the fragments showing mobility shifts. Results for
Fragment C from Patient 7, Fragment D from Patient 13, and
Fragment F from Patients 2 and 5 are shown in Fig. 3, b, c,

and d, respectively. Comparison of the sequence ladders of
Fragment C of DNAs from the tumor and normal tissue of
Patient 7 revealed that, in the tumor DNA, the arginine codon
(CGT) at position 110 in exon 4 of the p53 gene was mutated
to a cysteine codon (TGT) by a C to T transition at the first
letter of the codon (Fig. 3Â¿>).Mutation of the 110th codon,
which is not conserved among species, has not been reported
previously.

Nucleotide sequence analyses of Fragment F from Patients 2
and 5 (Fig. 3d) clearly demonstrated mutation of the methio-
nine codon (ATG) to a valine codon (GTG) at position 246 in
exon 7 of the p53 gene and mutation of the glycine codon
(GGC) to a serine codon (AGC) at position 244, respectively.
These two positions are within regions of the p53 protein that
are conserved among species.

Fig. 3c shows that the mobility shift observed in Fragment D
in the tumor from Patient 13 was not due to a nucleotide
substitution but to deletion of 31 base pairs from codon 168 to
178 in exon 5. The mutation resulted in deletion of 10 amino
acids and also a shift of the reading frame of the p53 gene.

Fragments A to H from other HCCs were similarly analyzed,
and the aberrations of the p53 gene observed in 8 of 43 HCCs
including those described above are summarized in Table 2. In
6 of 8 tumors with the mutated p53 gene, loss of one of the
two alÃelesand a point mutation or deletion of a short nucleo
tide sequence in the remaining alÃeleswere observed, while no
mutation was detected in at least exons 2 to 11 in the remaining
alÃeleof the tumor from Patient 1 (Table 2). In Patient 19, both
alÃelesof the p53 gene were retained, and two mutations, one
in exon 5 and one in exon 8, were detected (Table 2). We did
not determine whether each alÃelehad one mutation. In addition
to these mutations, two polymorphic nucleotide substitutions,
one of which was described above (Figs. 2a and 3a), were newly
found and are indicated in Table 2.

Aberrations of the p53 Gene in Advanced HCCs. As shown in
Table 3, 21 of the 43 HCCs analyzed were early HCCs with
very well-differentiated histology. No aberration of the p53
gene was observed in these early HCCs. Of the 22 advanced
HCCs, 3, 11, and 8 were well, moderately, and poorly differ
entiated, respectively. The mutations of the p53 gene detected
were all in these advanced HCCs, 4 in moderately differentiated
(36%) and 4 in poorly differentiated (50%) HCCs, indicating
the involvement of aberrations of the p53 gene in less differ
entiated and advanced tumors (Table 3). Grouping the HCCs
analyzed according to size indicated that almost all the aberra
tions of the p53 gene were present in tumors of more than 3
cm in diameter (7 of 19; 37%). The mutation was less frequent
in tumors of 2 to 3 cm in diameter (one of 6; 14%) and was not
found in 18 tumors of less than 2 cm in diameter. These results
also indicated the involvement of p53 gene mutations in ad
vanced HCCs.

No relationship of aberrations of the p53 gene with the age
or sex of patients or with chronic liver disease was observed.

Aberrations of the RB Gene in HCCs. We also analyzed
aberrations of another tumor suppressor gene, RB, in HCCs.
Recently, Yandell and Dryja (23) reported a nucleotide se
quence polymorphism of a T to A transversion in intron 25 at
a position 10 base pairs upstream from the 5' end of exon 26

of the RB gene. We tested for loss of an RB alÃeleas the absence
of this polymorphism detected by the PCR-SSCP method.
Representative results are shown in Fig. 4. Mobility shift due
to the polymorphism is obvious in slower moving strands of
the fragment carrying intron 25, and Patients 9, 1,5, and 13
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1-24 25-33 34-125 126-186 187-224

Fig. 1. Regions of the p53 gene subjected
to PCR-SSCP analysis. The nine fragments
carrying the region of the p53 gene corre
sponding to exons 2 to 11 and amplified by
the PCR are shown by horizontal bars with
their nucleotide lengths. The coding regions of
the exons are indicated by solid boxes with
amino acid positions, while noncoding regions
are indicated by open boxes, bp, base pairs.

225-261 262-306 307-331

132bp 52bp

332-367

293bp 330bp

236bp

368-393

133bp 202bp

are heterozygous (Fig. 4, Lanes 1 to 4, respectively). Loss of
heterozygosity was observed in tumors from Patients 1, 5, and
13 (Fig. 4, Lanes 2C, 3C2, and 4C, respectively), indicating loss
of one of the RB alÃelesin these tumors. Loss of heterozygosity
at the RB locus was observed in 4 of 21 informative cases of
HCCs by this analysis. Tumor DNAs were also subjected to
RFLP analysis using D13S1 DNA as a probe, and loss of
heterozygosity on chromosome 17p was observed in two other
tumors (data not shown). Including these two tumors, loss of
heterozygosity at the RB locus was detected in 6 of 7 informa
tive cases of 8 tumors with a mutated p53 gene, but not in 17
informative cases without a p53 gene mutation as summarized
in Table 2. These results suggested that mutations in both the
p53 and RB genes were involved in development of HCCs.

DISCUSSION

Aberrations of the p53 gene include deletion of the whole
gene and subtle structural changes of the gene. As described
previously, PCR-SSCP analysis can detect these two aberra
tions simultaneously (12, 24). Therefore, we used this method
for detecting aberrations of the p53 gene in HCCs and found
aberrations in 8 of 22 advanced HCCs, but not in any of the 21
early HCCs examined. As SSCP analysis might miss some
mutations, the number observed is a minimum estimate for
frequency of mutation. Of the 8 tumors with aberrations of the
p53 gene, 7 had lost one of the two alÃeles.The remaining one
retained both alÃelesand carried two point mutations, although
it remained to be determined whether each alÃelehad one point
mutation. Of the 7 tumors in which one p53 alÃelewas lost,
point mutations in the remaining alÃeleswere observed in 4
tumors, and deletions of several nucleotides were observed in
two others. The seventh tumor did not show a mobility shift in
any fragment analyzed, suggesting that a mutation, if present,
was in a region outside the coding sequence.

All 6 point mutations detected in this study resulted in amino
acid substitutions, and 5 of the 6 mutations were located in
regions of the gene that are highly conserved among species
(9). One point mutation was found in codon 110 (Table 1). In
this codon, a C to T transition of the first letter resulted in the
replacement of arginine by the remotely related amino acid
cysteine. The amino acid at this position is not conserved among
species. It is arginine in humans (25), histidine in mice (26),
and glutamine in Xenopus (27). An amino acid change in a
nonconservative region of the p53 gene is rare in a variety of
human tumors, but the mutation must be oncogenic.

The deletions of one and 31 nucleotides found in this study
resulted in shifts of the reading frame. The deletion of one
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nucleotide (Table 2) resulted in a frame shift in the C-terminal

region of the p53 protein with alteration of the last 12 amino
acids to a polypeptide sequence of 22 amino acid residues. The
role of the C-terminal region of the p53 protein is still unknown.

The deletion of 31 nucleotides with shift of the reading frame
(Table 2) resulted in a gross change of the amino acid sequence

a

CNCNCNCNCN12NCN

1_

1 2

CNCN

Fig. 2. SSCP analysis of fragments carrying the sequences of the p53 gene.
Results for Fragments C, D, and F carrying exons 4, 5, and 7 are shown in a, b,
and c, respectively. Genomic DNAs from HCCs (indicated as C) and noncancer-
ous tissues of the same patient (indicated as N) were analyzed. Electrophoresis
was performed in 5% polyacrylamide gel with (c) or without (a and b) 10%
glycerol at 40 W at room temperature. Sources of amplified DNA fragments:
Lanes I to 7 in a. Patients 8, 3, 6, 4, 1, 5, and 7; Lanes 1 and 2 in b. Patients 13
and 15; Lanes ÃŒand 2 in c. Patients 2 and 5. Cl and C2 in c were obtained from
two different tumors in the same liver.
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Fig. 3. Nucleotide sequence analysis of amplified fragments of the pS3 gene. DNA fragments that showed a mobility shift on SSCP analysis and normal fragments
were eluted from the gels, amplified, and subjected to nucleotide sequencing analysis. Lanes 1 and JinÂ« contain sequencing ladders corresponding to exon 4 of
normal tissues of Patients 8 and 2; Lanes I and 2 in h contain exon 4 of cancerous and normal portions of the liver from Patient 7: Lanes I and 2 in c contain exon
S of cancerous and normal portions of the liver from Patient 13; and Lanes I, 2, and * in d contain exon 7 of the tumor from Patient 2 and cancerous and noncancerous
portions of the liver from Patient 5.

of the p53 protein downstream from position 168 and created
a stop codon in exon 7. This mutation should result in a
truncated protein of 244 amino acid residues.

A G to T transversion at the third letter of codon 249 of the
p53 gene causing replacement of arginine by serine has been
observed at high frequency in HCCs of patients in China and

southern Africa, where aflatoxin B, is a risk factor (28, 29). We
detected the same mutation in codon 249 in the human hepa-
tocellular carcinoma cell line, PLC/PRF/5, by the PCR-SSCP
method with the same set of primers used in the present study
(12). However, altered amino acids were scattered over evolu
tionary conserved and nonconserved domains of the p53 pro-

Table 2 Aberrations of the p53 and RB genes in hepatocellular carcinomas

TumorMutationsAdvanced

hepatocellularcarcinoma1C2C25C27C9C13C19C32C14

other tumorsI

rÂ»Â«Â«nfthpp53
geneCodon++

246+
244+
110+
381-382+
168-178175272+

276pS3

alterationNucleotideNDÂ°ATG

toGTGCGC
toAGCCGT
toTGT1-base

pairdeletion31
-base pairdeletionCGC

toAGCGCC
toGACGTG
toATGNDAmino

acidMet

toValGly
toSerArg
toCysFrame

shiftFrame
shiftArg

toSerLys
toAspVal
to MetLoss

of the
RBgene4.4.Â»++*â€”+NT+-'

Early hepatocellular carcinoma
All 21 tumors

Polymorphic substitutions
8N
18N

49
189

ND

CAT to GAT
GCC to GTC

Asp to His
Ala to Val

* ND, not detected; NI, not informative.
4 Loss of the RB gene was detected by RFLP analysis.
c Loss of the RB gene was not observed in 7 informative cases.
"'Loss of the RB gene was not observed in 10 informative cases.
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Table 3 Aberration of the p53 gene and pathological parameters of
hepalocellular carcinomas

No. of tumors

Aberration of
ParameterHistolÃ³gica!

differentiationEarly
carcinomaAdvanced

carcinomaWell
differentiatedModerately
differentiatedPoorly

differentiatedTumor

size<2
cm2-3
cm>3cmAnalyzed2122311818619the

p53gene0(0)"8(36)0(0)4(36)4(50)0(0)1(17)7(37)

' Numbers in parentheses, percentage.

CN CN N CN

Fig. 4. Allelic loss of the RB gene. DNA fragments containing a highly
polymorphic site in intron 25 of the RB gene were amplified by the PCR and
subjected to SSCP analysis. The nucleotide sequences of the primers (25U and
25D) are shown in Table 1. DNAs from HCCs (C) and noncancerous tissues (N)
of the same patients were analyzed. Electrophoresis was performed in 6% poly-
acrylamide gel containing 10% glycerol at 30 W at room temperature. Lanes I to
4 contain amplified fragments of DNAs of Patients 9, 1, 5, and 13, respectively.

tein, and no mutation was observed at position 249 in this
study. Moreover, deletions of several nucleotides were also
observed in HCCs. These results indicated that the causes of
hepatocarcinogenesis in the patients analyzed were different
from those in China or southern Africa.

Recently, a germinal mutation of the p53 gene in Li-Frau-
meni syndrome was reported (30). However, we detected aber
rations of the p53 gene only in advanced HCCs, not early
HCCs, suggesting that these aberrations were involved in a late
stage of HCC development. Aberrations of the p53 gene in a
late stage of tumorigenesis have also been observed in colon
cancers (4).

We observed coincident abnormalities of the p53 and RB
genes in advanced HCCs. Aberrations of both these tumor
suppressor genes have also been observed in small cell lung
cancers (31) and soft tissue sarcomas (32). As clearly demon
strated in colon cancers (4), accumulation of mutations in
oncogenes and tumor suppressor genes is important for tumor
igenesis. The coincident aberrations of the two tumor suppres
sor genes in advanced HCCs might be another example of this
phenomenon. In this connection, it is noteworthy that loss of
chromosome 16q has also been observed at high frequency in
advanced HCCs (33).

In this work we found a novel nucleotide substitution in
codon 49 in DNA from noncancerous tissue of a patient (Pa
tient 8 in Fig. 3fl and Table 1). This patient did not show any
other aberration of the p53 gene in the tumor DNA except this
substitution. For the following reasons, we tentatively propose
that this polymorphism is a germinal mutation causing prone-
ness to cancer, (a) The amino acid of codon 49 is relatively well
conserved among species. It is aspartate in humans (25) and
mice (26), glutamate in chickens (34), and asparagine in Xeno-
pus (27), but the nucleotide substitution in this patient resulted
in its replacement by a completely different amino acid, histi-
dine. (b) An alÃelewith a histidine codon at position 49 is very
rare, not being observed in DNAs from the 84 individuals
analyzed, including patients with HCCs, cholangiocarcinomas,
melanomas, and several other tumors and normal individuals.
(c) The patient had a family history of ovarian and breast
cancers. The segregation of this alÃelein this family remains to
be analyzed.
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