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Abstract The incidence ofp53 gene abnormalities inregions located in exons 5-8, coding for the central do-
human hepatocellular carcinoma (HCC) varies in diffemain of the protein that mediates DNA binding and tran-
ent geographical areas, being higher in regions whepgiptional activation. This results in the inhibition of its
hepatitis virus infection and dietary exposure to aflatoxgmowth suppressor function. As a consequence, the sta-
B1 are the most common aetiological agents. These rility of the p53 protein increases, and it accumulates in
tations are less frequently encountered in Europe, thle cell nuclei and can be detected immunohistochemi-
though some studies have reported p53 protein overeally. Nevertheless, other non-mutational changes, such
pression in up to 45% of cases analysed. We have analyinteractions with endogenous or exogenous proteins,
sed 129 tumour samples of primary malignant hepat@y also stabilize the p53 protein [12], producing a posi-
neoplasms recovered from paraffin blocks processedtiie nuclear staining.
two pathology laboratories in a Mediterranean area of Several studies have investigated the spectrupbdf
Spain (Valencia and Gerona). Among 14 cases in whigdne mutations in human hepatocellular carcinoma
p53 immunohistochemistry expression proved positive(BCC). In high-risk areas where chronic hepatitis virus
stained in more than 50% of the cell nuclei. By PCiifections and high dietary exposure to aflatoxin B1 are
SSCP analysis we could detect the complete sequetiee most common aetiological agents in the molecular
from exon 5 through 8 in 70 cases and part of this regipathogenesis of the HC@53 gene mutations appear in
in the remaining cases, but no mutations were found. We-75% of cases and affect mostly codon 249 [4, 8, 11,
found no relationship with the clinical stage, tumour6, 27, 28, 32]. In Europe and other developed regions
stage or clinical outcome. We conclude tha8gene al- the incidence op53 mutations in HCC is much lower,
terations are not a major event in the malignant transftirere being no preferential “hotspots” [6, 9, 33]. These
mation of hepatic cells in this region of the Mediterraaariable results in different geographic areas obscure the
nean. The variable incidence pb3 gene alterations in mechanisms by which53 genetic lesions operate in the
other geographical areas may reflect a different genetialtistep progression of hepatocarcinoma.
background for the aetiology of HCC. The aim of the present study was to determine, in a
group of HCC from a Mediterranean area of Spain (Va-
Key words p53mutation - Hepatocellular carcinoma lencia and Gerona), the extent of involvementpé8
gene alterations at structural and expression levels, using
molecular and immunohistochemical techniques.

Introduction

Abnormalities of thgg53gene are the most common mowMaterials and methods
lecular events in human cancers [14]. The most frequent

type is missense mutation in the evolutionary conservetbtal of 129 samples recovered between 1972-1996 was studied,
being 87 from the Hospital Josep Trueta (Gerona) and 42 from the
Hospital Clinico (Valencia). They consisted of small pieces or cyl-

J. Boix-Ferrero - A. Pellin - R. Blesa - A. Llombart-Bodc inders of hepatic tumour tissue, fixed routinely in 10% buffered
Department of Pathology, Hospital Clinico Universitar( formalin and paraffin embedded. One hundred and three patients
Facultad de Medicina y Odontologia, University of Valencia, ~ Wereé male and 26 female. The mean age was 66.15 years. Four-
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ANTI Hc were detected by enzyme-linked immunosorbent assay The PCR-amplified DNAs were purified with Centricon col-
(Abbot Laboratories); 9.6% were positive to HbsAg and 68.6% tionns (Amicon, Beverly, Mass.) and sequenced on an Applied Bio-
ANTI Hc. Histopathological analysis was performed after convesystem model 373 automated sequencer (Foster City, Calif.) using
tional staining (HE, PAS, Reticulin, and Goldner stains) and sathe dideoxy dye terminator method with the Taq polymerase and the
ples with predominantly normal or nontumour tissue were discagnse and antisense PCR primers. We used as control other tumour
ed. All samples were hepatocellular carcinomas, except for 2 ctsalmples from our laboratory with well-knowB3 mutations [26].
angiocarcinomas. We evaluated the histological differentiation Five-micrometre sections were deparaffinized and endogenous
grade as poorly, moderately and well differentiated [1]. peroxidase was inhibited with 3% hydrogen peroxide for 30 min,
High-molecular-weight DNA was isolated from three to fivevashed in phosphate-buffered saline (PBS), and then incubated
10-um sections of paraffin blocks. After treatment with xylol andith 10 mM buffer citrate and heated in a microwave oven for
graded ethanols to extract the paraffin, the tumour tissue was lys@anin (700 W). Sections were blocked with 20% horse serum in
in 400 pl of a buffer containing 10 mM Tris-HCI pH 8.3, 59 mMPBS and incubated with primary antibody for 1 h. The time of in-
KClI, 2.5 mM MgCI2, 0.45% Tween-20, and 0.5 mg/ml proteinasmibation for the secondary antibody and avidin—biotin complexes
K at 55°C for 1 h. The DNA was purified by extraction with phewas 30 min at room temperature. Sections were extensively
nol/chloroform/isoamyl alcohol (25:24:1), precipitated in ethanaolashed and the immunoreaction developed using DAB (0.05%
and dissolved in ultrapure water. 3'3'diamino-benzidine in 0.1% hydrogen peroxide). Negative con-
DNA from exons 5 through 8 of thgb3 gene was amplified us- trols included substitution of the primary antibody by mouse asc-
ing the polymerase chain reaction (PCR) performed in 50 pl reactitis or PBS alone.
mixture containing approximately 100 ng genomic DNA, 0.5 pM of Monoclonal antibody Bp 53-11 (Progen Biotechnik, Heidel-
each primer, 200 uM of each dNTP and 1 U Taq polymerase (Gilb@yg, Germany) that recognizes the wild and mutant forms of the

BRL, Paisley, UK). The following primers were used: p53 protein was used [2]. This antibody is a mouse immunoglobu-
lin of the 1gG2a subclass and was used at a concentration of

5A: 5-TTCCTCTTCCTGCAGTAC-3’; 10 pg/ml in PBS containing 2% bovine serum albumin

5B: 5-GCCCCAGCTGCTCACCA-3’ (PBS/BSA). As secondary antibody a biotinylated rabbit anti-

- . mouse 1gG (heavy and light chain specific) affinity purified anti-

g’é; g:.?f&%g%%&%%i%’:%%%% body (1:200 dilution in PBS) was used, followed by avidin—biotin
: peroxidase complexes at 1:100 dilution in PBS (Vector Labs, Bur-

7A: 5’-GTGTTGTCTCTTAGGTTG-3; lingame, Calif.). The53 nuclear immunoreactivities were classi-

7B: 5-TGGCAAGTGGCTCCTGAC-3 fied as follows: negative (<10% tumour cells displaying nuclear
e .. staining); low (10—20% tumour cells with nuclear reactivity); me-

gé; gg%-:gétr%cg%%%:?&%%%m dium (20-50% tumour cells with nuclear reactivity) and high
: : (>50% tumour cells with intense nuclear staining).

The fragment sizes ranged between 142 and 214 base pairs.
Thirty-five cycles of denaturation: 94°C, 10 s, annealing: 55°C
(60°C for exon 6) 45 s and extension: 72°C, 25 s were performeBesults
For SSCP analysis we used the same basic method as de-
scribed by Orita et al. [25] and Spinardi et al. [29]. After 2.5%f the 129 patients in this series, we were able to study
agarose gel electrophoresis to check the quality of the PCR pr‘?gOns 6 through 8 of thp53 gene for only 70. In 10

uct, we took 3-5 pl of this product and mixed it with an equal vo - . e
ume of formamide loading dye. The mixture was heated at 95e@S€S the DNA degradation did not allow amplification

for 10 min, chilled on ice and applied to a 10% nondenaturi@§ any exon, and in the remaining cases some exons
polyacrylamide gel containing 5% glycerol. Electrophoresis wégiled to give an amplified product.
performed at 20 V/cm in 0.5xTris—boric acid—EDTA for approxi- Electrophoretic mobility shifts on SSCP analysis were

mately 5 h. The temperature was maintained at 20°C with cons : :
recirculation of the buffer between the upper and the lower cha _Iserved in only 2 cases (exon 6). Sequencing detected

bers. The gels were stained using the Silver Stain kit (BioRABE Same point mutation type in these cases: an A-to-G
Hercules, Calif.). transition in the third base position of codon 213, result-

Table 1 Results op53gene characterization in IHQ positive tumci:irs

Patient Age Sex Extension Alcohol Virus Survival Dif. IHQ Mutation
(exons 5-8)
G013 57 M 3 - - 16 m MD +++ Normal
G043 74 F 3 - - 1m PD +++ Normal
G074 78 M 3 - - 3m WD ++ Normal
G146 67 M 3 - - 2m PD ++ Normal
795 ? M 2 - C 4y PD ++ 213 Neutral mutation
G068 62 M 3 + - 3m PD + Normal
G088 60 M 2 + C 45y BD + Normal
G106 71 F 3 - C 1Im WD + Normal
G118 62 F 3 - - 18 m WD + Normal
G144 63 M 3 - - 4m MD + Normal
754 65 F 2 - ? 13 m MD + Normal
766 73 M 2 - - >10y WD + Normal
774 65 F 2 + B 1m PD + Normal
775 ? F ? ? ? ? PD + Normal

(M male,F female, extensiont 1 nodule <5 cm2 1 nodule >5 cm or >1 nodule in 1 lobuemultiple nodulesAlcohol + daily intake
>80 g/day — daily intake <80 g/da¥irus: B HbsAg +C ANTI Hc +, Survival:m months,y years,PD poorly differentiatedMD moder-
ately differentiatedyWD well-differentiated JHQ p53 immunoreactivity)



Fig. 1A, B Two hepatocellular "
carcinomas showing positivity 5
for p53.A Case 754 corre- k
sponds to a moderately differ-
entiated tumour with presence
of p53 nuclear stainin@® Case
774 displays a poorly differen-
tiated neoplasm with regular
positivity for p53. HE counter- %
staining, x4

ing in no amino acid substitution, because both sequecidence (25%) [4, 5, 15]. This mutation has been consid-
es coded for arginine. Thus, the mutation has no effecéd to be a direct result of aflatoxin B1 adduction to
on the amino acidic sequence of the protein (silent BNA guanine residues [10], but it has also been found in
neutral mutation). Case 18 without SSCP alteration wagjions with no aflatoxin B1 exposure [33].

selected at random and sequenced for different exons. IThe importance op53 mutations in the aetiology of
no case we did find abnormalities in the sequence. =~ HCC cannot be confirmed in European countries, where

Abnormal nuclear expression of p53 protein amo AFB1 exposure occurs. Thus, the frequencys3
peared in nuclei of 14 cases: 2 with >75% positive celgggne mutations detected at level of changes in DNA se-
3 with 50% immunostained nuclei and 9 with positivguence is low. They occur at several distinct codons in
staining in under 20% nuclei, either dispersed or focatlye core domain of the gene, there being no preferential
located (Fig. 1). There was no signal in the remaini2g¢9 codon incidence [3, 18, 19]. Nevertheless, parallel
115 tumours, or only isolated (less than 10%) positia@alysis of p53 protein by immunohistochemical tech-
nuclei. One case with neutral codon 213 mutationques has revealed overexpression in up to 45% of cases
showed immunostaining in 50% of the nuclei, and tlstudied [33].It has been shown that, in the absence of
other was negative. Neither of the two reviewed cholagene mutations, the p53 protein can be stabilized by oth-
giocarcinomas expressed p53. There was no significeanendogenous cellular proteins, such as mdmz2 [24]. Vi-
relationship between any possible aetiological factor (a&l proteins can also enlarge the half-life of p53 protein
cohol intake, viral) and p53 positivity. Moreover, th§22, 31]. Consequently, it has been postulated that the
clinical outcome of the patients was not correlated wik transactivator protein of hepatitis B virus may bind
histochemical expression of p53 in their tumour cells p53 protein and abrogate its normal cellular func-
(Table 1). tion [34].

We made a retrospective analysis of a large number of
HCC samples fixed in 10% buffered formalin and em-
Discussion bedded paraffin, using PCR-SSCP techniques and se-

quencing. In 70 cases all the coding regions of exons 5,
Primary hepatocellular carcinoma is one of the most fi&-7 and 8 were determined, which are the most frequent-
qguently reported malignancies in the world. Dependihgmutated in human cancers. Only 10 cases resisted our
on different risk factors, the prevalence shows a bro@dhnical approach, owing to the small size of the sample
spectrum of variation in distinct geographical regior@d probable DNA degradation following fixation. These
[13]. However, the molecular mechanisms in hepatocdificulties may also explain the isolated exon amplifica-
cinogenesis are poorly understood. tion failures in the remaining cases.

Studies on HCCs from high-risk areas deteqi&8 In two HCCs a previously described neutral mutation
gene aberrations in a significant percentage of tumowas found at codon 213 that seems not to be implicated
(45-75%) and a common hotspot {3 mutations at in carcinogenic processes [20]. There were no further
codon 249, although other studies have found a lower @ases with electrophoretic shifts in the SSCP analysis.
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Nevertheless, we sequenced 18 samples of different éx-Challen C, Lunec J, Warren W, Collier J, Bassendine MF

ons in several tumours and found no mutation. Some dif- (1992) Analysis of the53 tumor-suppressor gene in hepato-
cellular carcinomas from Britain. Hepatology 16:1362—-1363

ficulties may exist in the interpretation Of. seq_uencing_re7_ Cohen C, DeRose PB (1994) Immunohistochemical p53 in he-
sults, probably due to DNA fragmentation in paraffin- patocellular carcinoma and liver cell dysplasia. Mod Pathol
embedded tissue storage, in addition to odd errors intro-7:536-539

duced by Taqgl polymerase in the DNA elongation pro8- Coursaget P, Depril N, Chabaud M, Nandi R, Mayelo V, LeC-

; ;ann P, Yvonet B (1993) High prevalence of mutations at codon
cess. The sequencing method we used overcomes th|§49 of thep53 gene in hepatocellular carcinomas from Sene-

problem because only those mutations that coincide ya). Br J Cancer 67:1395-1397
strictly with sense and antisense primers in the sequerc-Debuire B, Paterlini P, Pontisso P, Basso G, May E (1993)
ing runs can be regarded as DNA alterations. Similar Analysis of thep53 gene in European hepatocellular carcino-

; i i i mas and hepatoblastomas. Oncogene 8:2303-2306
caution must also be exercised when sequencing is q%r Foster PL, Eisenstadt E, Miller JH (1983) Base substitution

formed by cloning strategies [19]. The detection of tWO' 1y ations ‘induced by metabolically activated aflatoxin B1.
neutral mutations validates our technical approach, evenprac Natl Acad Sci USA 80:2695-2698

if we cannot exclude the possibility of mutations thad. Fujimoto Y, Hampton LL, Wirth PJ, Wang NJ, Xie JP, Thorge-

have escaped because of inadequate sensitivity of thd Sson SS (19%4) A'teLatiO”S Of”tulmor suppressor genes ancd al-
SSCP technique or are located in isolated xONs thatos, pas cq g1 ope CFo ooeiHiar carcinomas in China. Can-
were not analysed. 12. Greenblatt MS, Bennet WP, Hollstein M, Harris CC (1994) Mu-

Immunohistochemical analysis demonstrated accumu-tations in thep53tumor suppressor gene: clues to cancer etiolo-
lation of nuclear staining in more than 50% of nuclei in 9y and molecular pathogenesis. Cancer Res 54:4855-4878

. : ; . Harris CC, Hollstein M (1993) Clinical implications of the
five tumours, most of them poorly differentiated ant? p53tumor-suppressor gene. N Engl J Med 329-1318-1327

of greater size [21], but th?'fe was no relation with agey, Hollstein M, Shomer B, Greenblatt M, Soussi T, Hovig E,
sex or presence of hepatitis virus [23, 30] (Table 1). Montesano R, Harris CC (1996) Somatic point mutations in
Other isolated positive nuclei were observed in 9 casesthe p53 gene of human tumors and cell lines: updated compi-
of HCC lation. Nucl Acid Res 24:141-146
1 L . . 15. Hsu IC, Metcalf RA, Sun T, Welsh JA, Wang NJ, Harris CC

The low |nc!d§nc¢ op53 alterat'ons deteCted In the . (1991) Mutational hotspot in thg53 gene in human hepato-
present analysis indicates that this genetic abnormality iScellular carcinomas. Nature 350:427—428
not necessarily involved in the malignant transformatidf. Hsu HC (1994) Mutations @53 gene in hepatocellular carci-

of the hepatic cells in this Mediterranean area. Since thenoma (HCC) correlate with tumor progression and_patient

histopathological characteristics do not differ in HCC porogqof'féflstllé% of 138 patients with unifocal HCC. Int J
. . . . ncol 4: —

from various geographic areas, the discrepancy in fig- Kang YK, Kim CJ, Kim WH, Kim HO, Kang GH, Kim YH

quency ofp53 alterations may indicate that these chang- (1998)p53mutation and overexpression in hepatocellular car-
es do not represent a primary oncogenic event but are &noma and dysplastic nodules in the liver. Virchows Arch

; ; ; 432:27-32
late event in tumour progression [7, 17]. Alternativel 8. Kress S, Jahn UR, Buchmann A, Bannasch P, Schwarz M

the existence of a different genetic background for the (1992) p53 mutations in human hepatocellular carcinomas

aetiology of HCCs in different human populations could from Germany. Cancer Res 52:3220-3223

be postulated. 19. Kubicka S, Trautwein C, Schrem H, Tillmann H, Mann M

(1995) Low incidence op53 mutations in European hepato-

cellular carcinomas with heterogeneous mutation as a rare

event. J Hepatol 23:412-419

Mazars GR, Jeanteur P, Lynch HT, Lenoir G, Theillet C (1992)

Nucleotide sequence polymorphism in a hotspot mutation re-

gion of the p53 gene. Oncogene 7:781-782

21. Mise K, Tashiro S, Yogita S, Wada D, Harada M, Fukuda Y,
Miyake H, Isikawa M, Izumi K, Sano N (1998) Assesment of
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