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ABSTRACT
Hepatocellular carcinoma, sometimes shows multiple tumor nodules,
therefore poses a problem of differential diagnosis between cancers of
multifocal and those of metastatic origin. Conventionally, pathological
criteria have been used for this purpose, but these are largely subjective.
In order to facilitate more objective differential diagnosis of multiple
hepatocellular carcinoma, we used the pattern of mutation of the p53
gene as a marker for each tumor nodule. We studied 58 nodules from 26
cases of multiple hepatocellular carcinoma using polymerase chain re
action-single strand conformation polymorphism analysis, a simple
method for detecting mutations. p53 gene mutations were detected in
65% (17 of 26) of cases. The internodule mutation patterns were heter
ogeneous in 11 cases and homogeneous in 6, enabling a multifocal origin
to be diagnosed in the former and a metastatic origin in the latter at the
genetic level. Moreover, the origin of recurrent tumors was determined
from the mutation pattern. It is concluded that analysis oipSS mutations
seems to be useful for differentiating the origin of multiple cancers, since
the information it yields is essentially objective.

amination of the integration pattern of hepatitis B virus in
multiple HCC (2, 3) but this is applicable to only a small
percentage of HCCs which harbor the virus (4).
In order to find a quicker and more reliable method for the
differential diagnosis of multiple HCC, we focused on the
mutation pattern of the p53 gene. Since an accumulation of
various genetic alterations has been demonstrated in carcinoma
cells (5), we reasoned that genetic abnormalities in different
nodules would probably differ in cases of multifocal origin.
Mutations of the p53 gene have been observed in 29-36% of
single-nodule HCCs (6),6 and a higher frequency would be
expected in cases with multiple nodules.
In the present study we analyzed the p53 mutation pattern in
58 nodules from 26 cases of HCC by the PCR-SSCP (7), a
simple and sensitive method for detection of DNA mutations.
We report here that analysis of the p53 mutation pattern could
be a useful marker for the differential diagnosis of multiple
cancers.

INTRODUCTION
MATERIALS
The frequent presence of multiple nodules in patients with
HCC5 provides a problem of differentiation between cancer of
multifocal origin and different cancer foci originating from a
single tumor through metastasis. This issue is important from
a clinical viewpoint, since these two categories correspond to
different stages of the disease, and therefore subsequent treat
ment and prognosis would also differ. However, clinical studies
of this aspect have not been adequate up to now because of the
difficulty involved in differential diagnosis of multiple cancers.
Pathological criteria, based mainly on macroscopic and histological observations, have been proposed for differential di
agnosis of multiple HCC (1). Differentiation is relatively easy
when nodules show different histology, but in cases with similar
histology and/or when tumors are closely adjacent it becomes
very complicated. In any event, the final diagnosis is left to the
subjective judgment of a pathologist where objective evidence
is lacking. This uncertainty has prevented the advance of clinical
and basic studies of multiple HCC. Therefore, objective meth
ods for the differential diagnosis of multiple cancers and exper
imental demonstration of the validity of existing pathological
criteria are clearly desirable.
As an objective approach, some genetic methods for analysis
of multifocal HCC have already been applied, but they have
been far from satisfactory. One example is Southern blot exReceived1/13/92;accepted4/20/92.
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AND METHODS

Patients and DNA Extraction. Fifty-eight samples of tumor tissue
obtained from 26 patients who had undergone surgical treatment for
multiple HCC at the National Cancer Center Hospital, Tokyo, were
studied. Four cases each involved 3 nodules, and the remaining 22 cases
had 2 nodules each. The main tumor nodule in each case, i.e., the larger
and/or less differentiated one, was named Tl. In both case 2 and case
5, another tumor was obtained at a second operation, and this was an
intrahepatic recurrent nodule and an abdominal lymph node metastasis,
respectively (see Table 1). We classified the cases into 3 groups accord
ing to the pathological criteria (1, 2, 8, 9) shown in Fig. 1: multifocal
(19 cases); metastatic (4 cases); undetermined (3 cases). DNA was
extracted by digestion with proteinase K, extraction with phenol/
chloroform, and precipitation with ethanol (10).
PCR-SSCP Analysis. Because 98% of p53 gene mutations in different
cancers have been found in exons 5-8 (11), we focused our study on
these exons. The PCR-SSCP method described by Orila et al. (7) was
used to detect the presence and pattern ofp53 gene mutation.
The oligonucleotide primers for amplification of exons 5-8 were
designed based on the published sequence (12):
Exon 5:
5'GGAATTCCTCTTCCTGCAGTAC3',
5 ' GGAATTCGCCCCAGCTGCTCACCATCG3

'

Exon 6:
5'GG AATTCG ATGGTGAGCAGCTGG3 ',
5' GGAATCAGTTGCAAACCAGACCTCAGG3

'

Exon 7:
5'GGAATTCTCCTAGGTTGGCTCTGAC3
',
5'GGAATTCCAAGTGGCTCCTGACCTGGA3

'

Exon 8:
5'GGAATTCCCTATCCTGAGTAGTGGTAA3
5'GGAATTCCTGCTTGCTTACCTCG3'

',

One hundred ng of genomic DNA were subjected to 35 cycles of PCR
(94Â°C,55Â°C,72Â°Cfor 0.5, 0.5, 1 min, respectively) in 10 n\ of solution
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Table 1 p53 mutation pattern in multiple hepatocellular carcinomas
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" A-A, same mutation in different nodules; A-B, different mutations in different nodules; A-0,
mutation in one of the nodules: R. recurrent liver tumor resected 8
months after the previous operation: LN, abdominal lymph node metastasis found 2 years after the previous operation; Combined, combined histology of
cholangiocellular and hepatocellular carcinoma.

containing 0.25 pmol each of 5'-end-labeled primers (13), 10 HIMTris-

were eluted from the gel and amplified by 55 cycles of asymmetrical
HC1 (pH 8.3), 50 IHM KC1, 1.5 m M MgCl;, 0.01% gelatin, 20 MM (20:1 primer ratio) PCR (14). The single strand products were purified
deoxynucleotide triphosphatess, and 0.5 unit of Taq polymerase (Perkin
in a Centricon 30 microconcentrator (Amicon, Beverly, MA) and
Elmer/Cetus, Norwalk, CT).
subjected to sequencing using a 7-deaza-GTP Sequenase version 2 kit
The PCR products were diluted 1:100 in loading solution (96%
(United States Biochemicals, Cleveland, OH) with 5'-end-labeled
formamide, 20 mM EDTA, 0.05% xylene cyanol, and bromophenol
primers. The sequencing primers for sense (-s) and antisense (-a) of
blue), denatured at 85Â°Cfor 3 min, and applied (1 ^I/lane) to 6%
each
exon were as follows:
polyacrylamide/Tris-borate EDTA gel with and without 5% (v/v) glycerol. Electrophoresis was performed at 30 W for 2.5-5 h at room
5'TCTTCCTGCAGTACTCCCCT3
'
5-s
temperature with vigorous air cooling. The gel was dried on filter paper
5'
AGCTGCTCACCATCGCTAT3
',
5-a
and exposed to X-ray film (Kodak XRP-1) at room temperature for 25'CACTG ATTGCTCTTAGGT3 ',
6-s
12 h.
5'TGCAAACCAGACCTCAGG3
',
6-a
Direct DNA Sequencing. Abnormal bands detected by SSCP analysis
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1. Tumor apparently growing from
portal vein tumor thrombi
Yes
or
2. Multiple satellite nodules surrounding
a large main tumor
No

1. Multiple early HCCs or concurrent
early and advanced HCCs
or
2. Presence of peripheral area of
very well differentiated HOC
in both lesions or in the smaller one
or
3. Multiple HCCs of obviously different
histology

Fig. 1. Morphological criteria for differential diagnosis of multiple hepatocellular carcinoma. These criteria are based on the following findings; /, HCC
metastasizes mainly through the portal vein (1); 2, HCC at an early stage does
not show metastasis (1,8); 3, primary HCC often shows morphological evidence
of well differentiated peripheral lesions (2, 9).

5'TAGGTTGGCTCTGACTGT3
',
5' GTGGCTCCTG ACCTGG AGTC3 ',
5 ' ATCCTG AGTAGTGGTAATCT3 ',
5'GCTTGCTTACCTCGCTTAGT3
'.

7-S
7-a
8-s
8-a

The products were analyzed in 8% polyacrylamide/Tris-borate
gel containing 5 M urea.

EDTA

RESULTS
Seventeen of the 26 (65%) multiple HCC cases showed
abnormally shifted bands in at least one of their nodules upon
SSCP analysis of the p53 gene. The remaining 9 cases were
negative. All of the abnormal bands were analyzed further by
direct DNA sequencing, and the results are summarized in
Table 1. The positive cases were classified into three groups
according to the pattern of mutation between nodules as follows
(representative cases are presented in Fig. 2): group 1, A-A
pattern: same mutation in different nodules (6 cases); group 2,
A-B pattern: different mutations in different nodules (2 cases);
group 3, A-0 pattern: mutation in one of the nodules (9 cases).
The range over which mutations occurred was spread over
456 base pairs of codons 130-282. It is worth noting that the
p53 mutations obtained differed from case to case. Only cases
16 and 2 (nodule T2) displayed the same mutation, although
case 2 also possessed a different mutation in nodule Tl.
Of the two samples obtained at a second operation, the
recurrent hepatic nodule in case 2 showed the same mutation
as that of nodule T2 and the lymph node metastasis in case 5
displayed the same mutation as that of nodule Tl (see
Table 1).
A comparison between the pathological diagnosis and the
p53 mutation pattern is as follows. In 19 cases of pathologically
multifocal HCC, p53 mutation was observed in 11 (58%). The
A-B pattern was detected in 2 cases, and the other 9 cases
showed the A-0 pattern, but none of multifocal cases showed
the A-A pattern. Three (75%) of 4 pathologically metastatic
cases were positive for the p53 mutation, and their patterns
were all A-A. All 3 of the pathologically undetermined cases
were also informative in the present analysis, showing the A-A
pattern.
DISCUSSION
The main concept that we propose here is the application of
gene mutation to provide a marker of each tumor nodules. p53
gene mutation analysis of cases of multiple HCC was demon
strated to be a good method for objective differentiation be

OF MULTIPLE CANCERS

tween multifocal and metastatic multiple tumor nodules. In
fact, as many as 65% (17 of 26) of multiple HCCs showed the
p53 gene mutation in at least one nodule. The mutations
differed from case to case, showing a large diversity that served
as a useful marker for each tumor nodule.
Our analysis showed the existence of three different patterns
of p53 mutation in multiple HCC. Patterns A-B and A-0
indicating heterogeneity of the p53 mutation between nodules,
with regard to type and presence, respectively, suggest different
origins from different cellular clones. Therefore, the cases show
ing these two genetic patterns could be diagnosed as multifocal
in origin. On the other hand, nodules showing the same genetic
abnormality in cases with an A-A pattern are likely to be derived
from the same clone, and thus metastatic in origin.
However, a few further possibilities should be considered.
One is that a case with metastatic nodules from a p53 mutationnegative main tumor could show an A-0 pattern when one of
the nodules acquires the mutation through later progression.
Although p53 abnormalities are regarded as a late event in
cancer progression, they usually occur earlier than the forma
tion of metastasis in a genetic model for colorectal tumorigenesis (15). Moreover, the mutations in cases with an A-0 pattern
were always observed in Tl (primary, larger and/or less differ
entiated tumors) and never in T2 or T3 (secondary, smaller
and/or less advanced tumors), and the possibility that T2 or T3
may have arisen as metastatic tumors from Tl should be very
small. None of 11 T2 or T3 tumors with A-0 patterns presented
portal vein tumor thrombi while HCC metastasize mainly
through portal veins. In addition, 6 of these 11 tumors were
well differntiated including 2 early HCCs which rarely show
metastasis (1, 8). From these findings, the possibility that T2
giving rise to the Tl should be very small again. Therefore, we
considered that the genetic heterogeneity found in cases with
an A-0 pattern is mainly due to the multifocal origin of the
different nodules. Another possibility is that cases of multifocal
HCC could show an A-A pattern by possessing the same
mutation by chance. However, this possibility will be extremely
low at least in Japanese cases of HCC, since in this investigation
and that of Murakami et al. (6) all but one of the mutations
differed among the examined cases. It was recently reported
thatp53 mutations of HCC in certain areas of China and South
Africa, where there is heavy exposure to allaioxin B,, were
almost all localized to codon 249, but this could be an excep
tional phenomenon related to the special etiology (16, 17).
The usefulness of our approach is supported also by the fact
that it was possible to determine a metastatic or multifocal
origin in three of four cases where morphological analysis was
not helpful. Because these cases showed A-A patterns, we were
able to recognize their metastatic origin. Another notable result
of our study was that the origin of recurrent tumors and
metastasis was clarified through analysis of the p53 mutation
pattern. That is, the same mutation of R as that of T2 in case
2 and of LN with that of Tl in case 5 suggested their metastatic
origin from one of the nodules of the respective primary HCCs.
Furthermore, by comparing the differential diagnosis of mul
tiple HCCs based on morphological information and the results
of genetic analysis, no discrepancy was observed among the
comparable cases, i.e., those positive for the p53 mutation. This
lends objective support to the validity of the pathological cri
teria used at the National Cancer Center Hospital, Tokyo
(shown in Fig. 1) for the differential diagnosis of multiple
HCCs. However, the clinical need for a preoperative (pretherapeutic) objective diagnosis of a large number of cases can be
efficiently met by genetic analysis of p53 mutations in biopsy

3676

Downloaded from cancerres.aacrjournals.org on September 19, 2020. © 1992 American Association for Cancer
Research.

GENETIC DIFFERENTIATION

OF MULTIPLE CANCERS

A-B Patterncase2

A-A PatternCase 14
NT1 T2

NT1 T2

SSCP

sscp
Exon 6

codoni0^
241

*
Â£
C/

Q

Â«*

codon
249

T C G A
T C G A

A GC

T

A G C T

A-0 Pattern
Case 4
NT1 T2

SSCP

â€”¿
'
Exon 7

codon
239

codon
239

.. WT

AGCT

AGCT

Fig. 2. Cases representative of the three mutation patterns of the p53 gene in multiple hepatocellular carcinoma. For SSCP analysis DNAs from different tumors
of the same patient (Tl and T2) and a normal control (.V) were analyzed for abnormalities of p53 gene exons. Cases were considered positive for mutation when
bands different from that of normal controls were observed (arrowhead). For DNA sequencing analysis (lower half of each pattern panel) the sequence obtained from
the abnormal bands evident on SSCP analysis are shown. Each sequence is shown 5' (bottom) to 3' (top) for the noncoding strand for exon 7 and the coding strand
for exon 6. The codons at which the mutation occurs are indicated. For exon 7, the indicated letters are the translated coding sequence obtained from the results. AA pattern, different nodules with the same mutation; A-B pattern, different nodules with different mutations; A-0 pattern, only one of the nodules has a mutation.

material obtained by fine-needle aspiration.
The PCR-SSCP method has up to now been the easiest and
quickest method for detecting point mutations and allows im
mediate comparisons to be made among different tumors with
out sequencing. In the present study, although we sequenced all
the samples that were positive upon SSCP analysis, a simpler
approach involving only PCR-SSCP would be more than ade
quate for determining whether the gene mutations are different
or the same in different samples.
The present approach should prove applicable to differential
diagnosis of other multiple cancers such as those of the colon,
lung, and bladder, in which p53 abnormalities are also observed
frequently (11). However, use ofp53 may not be decisive, since
p53 abnormalities are not present in every case and are consid

ered to be a relatively late event in cancer progression (6, 15).6
When the genetic alterations involved in the early stage of
carcinogenesis are elucidated, analysis of these genes may yield
much accurate information. Finally, we expect that clinical
studies of multiple cancer will advance, aided by the objective
diagnosis provided by the present method, in conjunction with
existing pathological criteria.
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