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Different DNA changes in primary and recurrent
hepatocellular carcinoma
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Abstract
DNA restriction fragment length poly-
morphism analysis was carried out on a
primary and recurrent hepatoceliular car-
cinoma in a hepatitis B virus negative patient.
For the primary tumour, allele losses were
found on the short arm of chromosome 17
(probe: p144-D6, 17pl3) and the long arm of
chromosome 5 with the probe Lambda MS8
(Sq35-qter); other probes,showed either no
allele loss or a non-informative pattern. The
recurrent cancer also showed allele loss with
p144-D6, but not with Lambda MS8. In addi-
tion, the recurrent tumour had allele losses
with Lambda MS43 (12q24.3-qter), pYNZ22
(17pl3), and DNA rearrangement revealed by
the probe Lambda MS32 (1q42-43), a pattern
not seen in the primary lesion. These results
indicate that the second hepatocellular car-
cinoma was ofindependent clonality and prob-
ably represents a de novo neoplasm rather than
a recurrence.
(Gut 1992; 33: 1433-1435)

Hepatocellular carcinoma is one of the most
lethal malignancies in the world. At present only
surgical resection offers a chance for cure.'
Intrahepatic tumour recurrence rates, after liver
resection, however, can be as high as 50-82%.2 3

Information on the clonal origin of tumours is
important for prevention of recurrence, as
management strategies are formed based on the

exact cause of this. It has been shown that,
genetically, recurrence in hepatocellular car-
cinoma can either be monoclonal, with recurrent
tumours originating from the primary lesion, or
polyclonal, where recurrent tumours represent
de novo neoplasms.4 Detecting the integrated
hepatitis B virus DNA in hepatocellular car-
cinoma genome is an effective means of deter-
mining the clonal origin of hepatitis B virus
related hepatocellular carcinoma.45 This
approach is not possible for hepatitis B virus
negative hepatocellular carcinoma, however,
which is more common than hepatitis B virus
related hepatocellular carcinoma in the West.
Using DNA restriction fragment length poly-
morphism analysis, we report a case where a
recurrent hepatocellular carcinoma showed a
different clonality from the primary neoplasm.

Case report
A 74 year old man was noted to have a 10 cm mass
in the left lobe of the liver on follow up ultra-
sonography for colorectal carcinoma. This was
confirmed on computed tomography and biopsy
showed it to be a well differentiated hepato-
cellular carcinoma. Laparotomy revealed a large
lesion involving segments II, III, and IV of the
liver, and a left hepatectomy was performed.
Histology showed complete resection of tumour.
A follow up computed tomography scan, per-
formed 15 months later, revealed a 6 cm nodule
in segment VI of the liver, with no extra hepatic

Figure 1: Computed
tomography scan showing
recurrent tumour in segment
VI of liver.
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Pattern ofDNA changes in the primary and recurrent
hepatocellular carcinoma

Probe Chromosome First Second Probe
name region HCC HCC References

Lambda MSl 'p33-35 1,2 1,2 8
Lambda MS32 1q42-43 - R 8
Lambda MS8 5q35-qter 1,(2) 1,2 8
Lambda MS31 7pter-q22 1,2 1,2 8
p Lambda g3 7q31.3-qter 1,2 1,2 8
EFD126.3 9q34 1,2 1,2 9
pMS51 11q13 1,2 1,2 10
Lambda MS43 12q24.3-qter 1,2 (1),2 8
3'HVR 16p13.3 1,2 1,2 1 1
p144-D6 17pl3 (1),2 (1),2 12
pYNZ22 17pl3 1,2 (1),2 13

Homozygous pattern ofnormal DNA is indicated as a dash; where
the normal DNA was heterozygous the tumour genotype is shown
in the Table as '1,2.' The continued presence of the larger allele is
indicated by '1,' and '2' indicates the continued presence of
smaller allele. Allele loss is indicated by (). 'R' indicates DNA
rearrangement. HCC=hepatocellular carcinoma.

metastasis (Fig 1). These findings were con-
firmed at laparotomy and local resection of
segment VI was undertaken. Histology showed
this to be a recurrent hepatocellular carcinoma.
Serum neurotensin was normal throughout.
Hepatitis B virus status, determined by blood
assay and Southern analysis of hepatic tissue
DNA, using the hepatitis B virus genome probe
pEco63, was negative. At both operations, biop-
sies from the tumour and non-tumour liver tissue
were collected and snap frozen in liquid nitro-
gen. Lymphocytes from peripheral blood,
obtained before any blood transfusion, were also
use 1 as a source of constitutional (normal) DNA.
Tis. ue and blood were stored at -70C until
DN X extraction.
DNA was prepared from blood and tissue

samples by standard phenol/chloroform
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(A) Lambda MS8

methods.6 Samples were digested with the
appropriate restriction endonuclease and were
size fractionated by electrophoresis through
0 9% agarose gels. The DNA was transferred to
Hybond-N hybridisation filters (Amersham)
according to the manufacturer's specifications.
DNA probes recognising restriction fragment
length polymorphisms were radiolabelled with
alpha-32P- dCTP (3000 Ci/mol) by the random
hexanucleotide primer method to a high specific
activity.7 Hybridisations were performed at 65°C
in 1% sodium dodecyl sulphate, 1 M NaCl and
5% dextran sulphate (W:V) for 16-24 h. Filters
were washed to stringency of 2 x standard saline
citrate 1% sodium dodecyl sulphate (W:V) at
65°C and were autoradiographed at - 70°C using
Fuji: RX-L x-ray film.
DNA extracted from the tumours was com-

pared with that from blood lymphocytes and
normal liver. The detection of chromosomal
DNA loss is dependent on the constitutional
DNA being heterozygous for restriction frag-
ment length polymorphisms at the various loci
for which probes were available. Two bands are
visible on the autoradiograph, representing
different sized fragments of DNA. A deletion or
loss of intensity of one of these bands in tumour
DNA is indicative of loss of heterozygosity, or
allele loss, in tumourigenesis. In some cases,
rearrangement in tumour DNA can be shown
with gain of one or more bands, compared with
normal DNA. In this study, 11 probes assigned
to chromosomes 1, 5, 7, 9, 11, 12, 16, and 17
were used (Table I).8-'3
Of the 11 probes studied, three showed differ-

ent patterns ofloss ofheterozygosity between the
primary and recurrent hepatocellular carcino-
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(B) Lambda MS43

Figure 2: Autoradiographs
ofSouthern hybridisation
with: (a) Lambda MS8
(Sq35-qter); (b) Lambda
MS43 (12q24.3-qter); (c)
pYNZ22 (17p13); (d)
Lambda MS32 (1q42-43);
B=Blood lymphocyte
DNA; N=Non-tumour
tissue DNA; P=Primary
hepatocellular carcinoma
DNA; R=Recurrent
hepatocellular carcinoma
DNA.
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(D) Lambda MS32
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mas (Table I, Fig 2). The primary tumour had
allele loss on the long arm of chromosome 5
(probe: Lambda MS8, 5q35-qter) and the short
arm ofchromosome17 shown by the probe p144-
D6 (17pl3) but not by the probe pYNZ22
(17pl3), while the recurrent hepatocellular car-
cinoma had allele losses on chromosome 12
shown by Lambda 43 (12q24.3-qter) and
chromosome 17 shown by both pl44/D6 and
pYNZ22, but no allele loss on chromosome 5
(Table I, Fig 2a-c). This patient was shown as
homozygous with the probe Lambda MS32,
assigned on the long arm of chromosome 1
(lq42-43), for his normal and primary tumour
DNA. DNA from the recurrent tumour showed
three bands, however, a gain of two, indicating a
rearrangement (Fig 2d). Thus it was clear that
the clonality was different between primary and
recurrent tumours.

Discussion
DNA restriction fragment length polymorphism
analysis in this patient showed differences in
DNA changes between primary and recurrent
hepatocellular carcinomas. The primary tumour
had allele losses on chromosome 5 shown by
Lambda MS8 and chromosome 17 shown by
pl44-D6, while the second tumour did not have
allele loss on chromosome 5, but had additional
allele losses on chromosomes 12 and 17 and
rearrangement on chromosome 1. One of the
possible explanations for the differences could be
that a small subclone was not present initially in
the sample of the first tumour and eventually
grew up to form the recurrence, but as there were
so many genetic changes present in the recur-
rence which were not initially there and the
Lambda MS8 did not show allele loss, a balance
of probabilities seemed that the latter tumour
was not a progression from the first. More likely,
both neoplasms were of different clonality.
Tumour recurrence can be the result ofincom-

plete resection of the primary lesion, presence of
satellite nodules at the time ofprimary resection,
tumour seeding along needle biopsy track or
genuine de novo tumour recurrence. DNA
analysis in this patient allowed us to exclude the
possibility of tumour seeding along the needle
biopsy track of the original tumour. It also
indicates that the first resection was indeed
complete. It is of interest that this patient
developed three independent primary neo-
plasms, which may indicate genetic predisposi-
tion.

It is imperative to study the clonal origin ofthe
recurrent tumours, as strategies for preventing
recurrence are dependent on causation. By

detecting the integrated hepatitis B virus DNA
in hepatocellular carcinoma genome, Chen et al
reported five pairs of primary and recurrent
hepatocellular carcinoma; two showing the same
clonal origin, while the other three were of
different clonalities.4 For the first group, more
careful diagnostic and treatment procedures,
especially extent of surgical resection, are essen-
tial in preventing recurrence, while for the
second group, one has to identify means of
blocking the function of or deleting the effects of
persisting carcinogenetic factors, such as hepa-
titis B virus infection. Although the techniques
for these are not available at present, recent
continuing advances in the field of molecular
biology and tumour suppressor gene research
might lead to some benefit with gene therapy in
the future.'4
We are grateful for the generous support of the Gloria Miles
Cancer Foundation and Quest Cancer Test and for the helpful
advice of Professors R C N Williamson and K E F Hobbs and
collaboration of Dr T J Harrison. The following scientists kindly
provided DNA probes: Drs A Jeffreys, D R Higgs, Y Nakamura
(Howard Hughes Medical Institute); andM Litt. Hepatitis B virus
genome probe pEco63 was a kind gift from Drs P Valenzuela and
W Rutter to Dr T J Harrison.

1 Tang ZY, Yu YQ, Zhou XD, Ma ZC, Yang R, Lu JZ, et al.
Surgery of small hepatocellular carcinoma analysis of 144
cases. Cancer 1989; 64: 536-41.

2 Nagasue N, Yukaya H, Chang YC, Yamanoi A, Kohno H,
Hayashi T, et al. Assessment of pattern and treatment of
intrahepatic recurrence after resection of hepatocellular
carcinoma. Surg Gynecol Obstet 1990; 171: 217-22.

3 Kanematsu T, Matsumata T, Takenaka K, Yoshida Y,
Higashi H, Sugimachi K. Clinical management of recurrent
hepatocellular carcinoma after primary resection. BrJ7 Surg
1988; 75: 203-6.

4 Chen PJ, Chen DS, Lai MY, Chang MH, Huang GT, Yang
PM, et al. Clonal origin of recurrent hepatocellular carcino-
mas. Gastroenterology 1989; %: 527-9.

5 Esumi M, Aritaka T, Arii M, Suzuki K, Tanikawa K, Mizuo
H, et al. Clonal origin of human hepatoma determined by
integration of hepatitis B virus DNA. Cancer Res 1986; 46:
5767-71.

6 Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a
laboratory manual. 2nd ed. New York: Cold Spring Habor
Laboratory, 1989.

7 Feinberg AP, Vogelstein B. A technique for radiolabelling
DNA restriction endonuclease fragments to high specific
activity. Anal Biochem 1983; 132: 6-13.

8 Wong Z, Wilson V, Patel I, Povey S, Jeffreys AJ. Characteri-
zation ofa panel of highly variable minisatellites cloned from
human DNA. Ann Hum Genet 1987; 51: 269-88.

9 Nakamura Y, Fujimoto E, O'Connell P, Leppert M, Lathrop
GM, Lalouel J-M, et al. Isolation and mapping of a
polymorphic DNA sequence pEFD126.3 on chromosome
9q [D9S7]. NucleicAcidsRes 1987; 15: 10607.

10 Armour JAL, Wong Z, Wilson V, Royle NJ, Jeffreys AJ.
Sequences flanking the repeat arrays of human mini-
satellites: association with tandem and dispersed repeat
elements. Nucleic Acids Res 1989; 17: 4925-35.

11 Higgs DR, Wainscoat JS, Flint J, Hills AVS, Thein SL,
Nicholls RD, et al. Analysis of human adult alpha-globin
gene cluster reveals a highly informative genetic locus.
Proc NatlAcad Sci USA 1986; 83: 5165-9.

12 Kondoleon S, Vissing H, Luo XY, Magenis RE, Kellogg J,
Litt M. A hypervariable RFLP on chromosome 17pl3 is
defined by an arbitrary single copy probe pI44-D6
(D17S34). Nucleic Acids Res 1987; 15: 10605.

13 Nakamura Y, Ballard L, Leppert M, O'Connell P, Lathrop
GM, Lalouel J-M, et al. Isolation and mapping of a
polymorphic DNA sequence (pYNZ22) on chromosome
17p (D17S30). Nucleic Acids Res 1988; 16: 5707.

14 Bookstein R, Shew J-Y, Chen P-L, Scully P, Lee W-H.
Suppression of tumorigenecity ofhuman prostate carcinoma
cells by replacing a mutated RB gene. Science 1990; 247:
712-5.


