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Abstract

In order to investigate the genesis of hepatocellular carcinoma (HCC) and the 

nature of its putative precursor nodular lesions in cirrhotic liver, a systematic 

light microscopical analysis was combined with a molecular approach 

including investigation of clonality and genomic heterogeneity.

Histological scoring system

The current histological classification of HCC and its putative precursor 

nodular lesions is unsatisfactory. Most of the histological criteria for the 

evaluation of early HCC and its putative precursors have not been validated 

properly and the diagnosis of these lesions still depends on subjective 

interpretation. If the hypothesis of the progression from cirrhotic liver, to 

putative precursors and eventually to HCC is accepted, then the division of 

this evolutionary biological continuum into mutually exclusive categories 

becomes problematic.

With this in mind, a histological scoring system was designed with the 

intention of making systematic the histological assessment of HCC and its 

putative precursor nodular lesions in cirrhotic livers. This histological scoring 

system was based on a methodical and detailed analysis of those individual 

histological features considered in the literature to be helpful for this purpose. 

To each category (e.g. capillarisation, artérialisation, reticulin loss, cellular 

atypia etc) a grade was assigned and at the end of the assessment the 

individual grades were added up to generate a final score. The scoring 

system was tested on 106 nodular lesions from 35 patients, which were also 

designated according to standard diagnostic categories. The histological 

scores were compared to the diagnostic classification. There was good 

correlation between the two assessments. In particular, there was good 

correspondence between the score ranges and the diagnostic assignments



(i.e. most macroregenerative nodules (MRN) scored between 0 and 3, most 

dysplastic nodules (DN) scored between 4 and 8, and all HCC scored more 

than 9 points). In addition a category of nodular lesions with features 

reminiscent of focal nodular hyperplasia, in cirrhotic livers, became evident 

using this scoring system.

This final histological score should give an indication of the position of a lesion 

in the benign to malignant evolutionary spectrum. Multiple correspondence 

analysis showed that hepatocellular nodules in cirrhosis assessed using the 

scoring system, (as well as the individual histological variables used for the 

calculation of the score) can be represented as a continuum on a "malignancy 

scale". In order to validate this scoring system, further work was performed to 

compare scores with molecular and clinical follow-up data. The correlation 

between each individual component of this histological score and molecular 

and clinical data was also examined.

Combined molecular and histological analysis

This histological scoring system was used to assess a group of nodular 

lesions from cirrhotic patients, on which molecular analysis was also carried 

out. This molecular analysis consisted of the assessment of clonality and 

genomic heterogeneity. Clonality using the HUMARA technique was carried 

out on 35 nodules obtained from 15 female cirrhotic patients. Genomic 

heterogeneity was assessed on 26 nodular lesions from 11 cirrhotic patients. 

The combined analysis of clonality and genomic heterogeneity was carried 

out on 14 nodular lesions from 8 cirrhotic patients.

Monoclonality is said to identify neoplastic cell populations but does not 

indicate malignancy. Malignancy is associated with tumour progression, with 

increasing tumour grade and tumour heterogeneity as malignant neoplasms 

acquire the capability of invasion and metastasis. The identification of



genomic heterogeneity within a neoplastic population (defined for present 

purposes by monoclonality) implies that spontaneous genomic mutations 

have occurred which may eventually lead to frank malignancy.

Clonality

My analysis of clonality showed that the majority of HCC (90%) are 

monoclonal, approximately half of the MRN are monoclonal (53%), and the 

majority (70%) of samples of regenerative nodules are polyclonal.

The methods available to define clonality are limited by the recent 

appreciation of the concept of "patch size", i.e. tissues are composed of 

groups of cells of variable size that have the same pattern of X-chromosome 

inactivation depending on the embryonic stage at which this "Lyonization" 

process occurs. For many human tissues, including liver, this patch size is not 

known. An attempt was made to explore this question with glucose-6- 

phosphate dehydrogenase (G6PD) enzyme histochemistry on liver samples 

obtained from Sardinian female patients heterozygous for the Mediterranean 

variant of G6PD deficiency.

Genomic heterogeneity

Genomic heterogeneity was studied using a genomic fingerprinting technique 

(arbitrarily-primed polymerase chain reaction) on 26 nodular lesions (11 HCC, 

2 DN and 13 MRN) from 11 cirrhotic patients. The fingerprints of two halves of 

each nodular lesion were compared and each lesion was defined as 

homogenous when the two sets of fingerprints were identical and 

heterogeneous when they were different. All HCC and DN were 

heterogenous. Two MRN were heterogeneous. 8 MRN were homogeneous. 

Three MRN for which only one set of genomic fingerprints was available, 

showed a different pattern when compared to normal reference tissue.



The degree of genomic alteration was also quantified calculating the genomic 

damage fraction (GDF), i.e. the degree of difference between lesional and 

normal reference tissue. This showed that the genomic damage of HCC 

(average GDF= 0.28, std =0.11) is greater than DN and MRN (average GDF= 

0.08, std =0.1) (p value < 0.0001). When all nodular lesions (MRN, DN and 

HCC) were considered together, there was a positive correlation (correlation 

coefficient 0.53, p value <0.001) between genomic damage and lesional size. 

This positive correlation was also seen when HCC alone were considered 

(correlation coefficient 0.33, p value <0.02), but not for MRN or DN.

Combined analysis of cionaiity and genomic heterogeneity

Combined analysis of clonality and genomic heterogeneity was carried out on 

14 nodular lesions (5 HCC and 9 MRN) from 8 cirrhotic patients. Three MRN 

were polyclonal and showed intralesional genomic homogeneity and were 

identical to normal reference tissue. The remaining 6 MRN were monoclonal 

and showed intralesional genomic homogeneity. Five of these showed some 

degree of genomic difference when compared to background regenerative 

nodules and normal reference tissue. Four out of five HCC were monoclonal, 

and all showed intralesional heterogeneity. These results suggest that the 

evolution from putative precursor nodular lesions to HCC involves an initial 

polyclonal and genomically stable phase, a presumably subsequent 

monoclonal phase with evidence of genomic mutation, and a third monoclonal 

phase with increasing intranodular genomic heterogeneity, corresponding to 

the morphological category of overt HCC.



Correlation between molecular analysis, histological scoring 
system and clinical data

When the genomic damage was correlated with the histological scoring 

system, there was a positive correlation (correlation coefficient = 0.76) 

between increase of genomic damage and increase in histological score (p 

value < 0.001). This correlation was maintained when the size component of 

the histological scoring system was ignored (correlation coefficient = 0.76), 

indicating that there is a correlation between genomic damage and 

histological changes assessed by the scoring system, independently of 

lesional size (p value < 0.001). Moreover, when the nodules were reassigned 

as "benign" or "malignant" using the scoring system (nodules with score <4 

and >9, respectively), the correlation between histological score and genomic 

damage improved (MRN correlation coefficient from 0.34 to 0.66, HCC 

correlation coefficient from 0.68 to 0.73, p value < 0.001). No significant 

correlation was found between histological score and genomic damage when 

DN were considered (however only two examples of DN were available for 

molecular analysis). No correlation was evident between clonality and 

histological score.

There was no significant correlation between histological score, genomic 

damage and survival and tumour recurrence data. At follow-up, 9 patients 

(including 5 patients with HCC) were all alive, without any evidence of 

recurrent tumour (average follow-up 610 days, range 124-1322 days). One 

patient with a single 20 mm diameter HCC in the liver removed at 

transplantation (histological score =15, GDF=0.31), died 12 days after 

transplantation due to graft failure. One patient with a single 70 mm HCC in 

the explant liver (histological score 39, GDF=0.39) had intrahepatic tumour 

recurrence diagnosed histologically at 958 days post-0LT and died at day 

1140 post-0 LT of carcinomatosis. Further clinical follow-up is needed to 

assess the outcome of the other patients.



Conclusion

A combined approach including systematic histological assessment and 

molecular analysis is helpful in the investigation of the genesis and evolution 

of HCC and its precursors and in the accurate identification of the significant 

morphological features that are expressed during human 

hepatocarcinogenesis. More work is needed to identify those individual 

histological features predictive of clinical progression and the features with 

prognostic significance.
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CHAPTER 1

Introduction
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1.1. Epidemiology of HCC.

1.1.1 Estimated number of cases.

Primary liver cancer (PLC) ranks fifth in frequency among all malignancies 

(Okuda 2000) and in terms of relative frequencies, PLC ranks as the fifth most 

common in males and eight among women (Bosch et al. 1999). In 1990, 

437,000 new cases of PLC were estimated, accounting for 5.4% of all human 

cancer cases. In the same year an estimated number of 427,000 patients died 

from the disease (Bosch et al. 1999). Mortality from all causes of primary liver 

cell cancer has almost doubled in 15 years in the UK (Taylor-Robinson et al. 

1997; Taylor-Robinson et al. 1999).

It is estimated that 80-85% of cases of PLC correspond to HCC (Bosch et al. 

1999). Hepatocellular carcinoma (HCC) is one of the commonest neoplasms 

and causes of cancer- related death in the world, killing up to 1.25 million 

people annually (Sherlock et al. 1997).

The frequency of HCC varies depending on the geographical area and the 

relative frequency of HCC in the world may be divided into three groups 

depending on the number of cases/100 000 population/year (Sherlock et al. 

1997; Anthony 1994). The incidence in developing countries is two to three 

times higher than in developed countries (Bruix et al. 2001).

The highest incidence (between 20 and 150 cases/100 000/year) is in South 

East Asia and the black African population. In contrast. North Africa Arab 

countries have a low incidence (less than 5 cases/100 000/year. Western 

countries show a low incidence with an intermediate incidence (between 5 

and 20 cases/100 000/year in South and East Europe and Central America 

(Sherlock et al. 1997; Anthony 1994).
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However, HCC is increasing in the West where it is mostly related to hepatitis 

B (HBV) and C (HCV) virus infection and the disease is shifting towards 

younger age groups (Ince et al. 1999; El-Serag et al. 1999).

There are about 30,000 new cases per year in Europe (Schafer et al. 1999). 

In the UK HCC represents about 1% of cancers (Beckingham et al. 2001).

1.1.2 Age and Sex Distribution in HCC incidence.

HCC is the seventh most common malignant tumour in males and ninth in 

females (Anthony 1994). HCC appears to affect males more than females 

(Bruix et al. 2001).

Typically in the non-endemic regions, HCC affects people in their 5̂  ̂ and 6̂*̂  

decades of life, probably a surrogate for the duration of the underlying liver 

disease (Bruix et al. 2001). In the endemic regions, it appears at a younger 

age with a peak incidence in 3̂  ̂ through 5̂*̂  decades. HCC occurs in 

childhood in high incidence areas where it is associated with the acquisition of 

HBV early in life (Anthony 1994).

1.1.3 Risk factors for HCC.

Cirrhosis.

Cirrhosis per se is considered the single most important risk factor for HCC 

(Colombo 1999), regardless of its aetiology (Bruix et al. 2001), as most tumours 

occur in the setting of a cirrhotic liver. Once cirrhosis is established the main 

HCC predictors are male sex and increased levels of alpha-fetoprotein (AFP) 

(Bruix et al. 2001).

HCC in non-cirrhotic liver is rare. Of 12340 consecutive autopsies (representing 

an overall population autopsy rate of 70%, including community cases over a 4 

year period in Trieste, there were 1378 patients with cirrhosis 13% of whom had
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HCC while the incidence of HCC in the non-cirrhotic population was 0.2% 

(Tiribelli et al. 1989).

The incidence of HCC in cirrhotic and non-cirrhotic liver is shown in table 1.1.1. 

Viral factors.

Amongst cirrhotics, viral infection and high alcohol intake are associated with 

the highest risk of developing HCC (Bruix et al. 2001). Haemophiliacs and 

intravenous drug users represent the populations at highest risk for the 

development of HCC. The combination of immunosuppression and viral 

infection also enhances the risk of HCC development (Bosch et al. 1999).

The increase of HCC is linked to increased chronic HCV infection. In Japan 

80% of HCC cases are now associated with chronic HCV (Okuda 2000). 

Case-control studies have shown an estimated risk for HbsAg seropositive 

patients ranging from 3 to 30 and cohort studies ranging from 5.3 to 148 

(Bosch et al. 1999). Universal vaccination of newborns in HBV endemic 

countries such as Taiwan has resulted in a decrease in the incidence of HCC 

in children (Chang et al. 1997).

There are insufficient data to establish a role of HGV in the pathogenesis of 

PLC (Bosch et al. 1999).

Alcohol.

The risk varies among countries depending on alcohol consumption rate in 

the population. A case-control study from Northern Italy (Donato et al. 1997) 

has shown alcohol to be a major factor being implicated in 45 % of HCC 

cases. It is not clear whether alcohol has a direct role in 

hepatocarcinogenesis, or is related to repeated episodes of liver injury and 

regeneration, concomitant iron overload or concomitant HBV or HCV infection.
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Table 1.1.1 Distribution of HCC in cirrhotic and non-cirrhotic liver.

Number of 
Patients

Design Cirrhotic liver Non cirrhotic liver Source

804 All cases of HCC 

1983-1990
462(7 FLCs) 342(37 FLCs) Nzeakoetal. 1996

232 Consecutive cases 

of HCC autopsied In 

10 years

203 (17portal fibrosis) 
NoFLC

29(noFLC) Nakashima et al. 1983

12340 Consecutive autopsies 

In Trieste, Italy 

4 years

180 HCCs 

(1378 cirrtiotic livers)
25HCCS Tiribelli et al. 1989

2052 Consecutive autopsies 

in Chiba, Japan 

10 years

117 HCCs 25HCCS Tiribelli et al. 1989

293 Patients with HCC 

admitted to Hospital 
In Chiba, Japan 

10 years

237HCCS 56 HCCs Tiribelli et al. 1989

618 autopsy cases of HCC 

at Kurume (484), 
1969-1986 and 

Chiba (134), 
1980-1987

552 HCC 66 HCCs Okuda et al. 1989

240 consecutive autopsy 

cases of HCC, 
Tokyo, Japan 

1962-1986

221 HCC
(54 chronic liver disease)

19 HCCs Yukletal. 1990

463 452 autopsies 

11 laparotomies 

In patients with HCC 

South Africa

292HCC 171 HCC Kew1989
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High seroprevalence of HBV or HCV markers has been shown in alcoholics 

(Bosch et al. 1999).

Metabolic liver disease.

The relative risk of HCC is increased in patients with hereditary 

hemochromatosis (Bruix et al. 2001), and has been estimated as 200-fold 

over the general population (Bosch et al. 1999). Dietary iron overload was 

associated with a 10-fold increased risk of HCC in a Black Population in South 

Africa (Mandishona et al. 1998) after adjustment for viral factors and aflatoxin 

(AF). An increased risk for HCC has been found in patients with Porphyria 

cutanea tarda (Kauppinen et al. 1988; Fracanzani et al. 2001), Tyrosinaemia 

(Gilbert-Barness et al. 1990) (Russo et al. 2001), and Oi-Antitrypsin 

deficiency (Eriksson et al. 1986). The incidence in patients affected by Wilson 

disease is poorly defined and apparently lower than in other aetiological 

groups (Bruix et al. 2001).

Other factors.

The role of chemical carcinogens in human cancer is suggested by 

epidemiological data, animal studies, and most recently by the molecular 

analysis of tumours (Tennant et al. 1996).

The study of animal models using chemical and physical agents and viruses 

has provided an insight into the molecular and cellular events of 

hepatocarcinogenesis (Bannash 1994). Epidemiological studies are 

necessary to confirm that exogenous factors proven to be carcinogenic in 

animal models are carcinogenic also in humans. In hepatocarcinogenesis this 

"interspecies similarity" has been demonstrated in a few cases, for example 

AF and vinyl chloride monomer (Bannash 1994).
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The remainder of the chemicals present in the environment that have not be 

epidemiologically proven to be hepatocarcinogenic in humans should be 

considered as risk factors for development of liver neoplasia in man (Bannash 

1994).

At the same time, data from studies using chemicals at artificially high dose 

cannot always be extrapolated and applied to the low dose effect on the 

general population (Forman 1991)

The association between exposure from AF and HCC has been identified in 

countries with high level of AF dietary consumption through contaminated 

food, and an association with a particular mutation of the p53 gene has been 

described (Bressac et al. 1991). However HBV may have a synergistic effect 

in cases of AF related hepatocarcinogenesis (Bruix et al. 2001; Okuda 2000).

The very high incidence of HCC among ditch water drinkers in the Qidong 

area has led to the discovery of a possible association with a blue algal 

hepatotoxin (Ueno et al. 1996). Switching to deep well water for drinking was 

followed by a slow decline in HCC incidence in that area (Yu 1995).

The occurrence of HCC in long-term users of oral contraceptive has been 

proposed (Forman et al. 1986; Neuberger et al. 1986; Ye et al. 1999). Case- 

control studies have shown a risk ranging from 1.6 to 5.5 among oral- 

contraceptive users (Bosch et al. 1999). However, the association with oral 

contraceptives is probably coincidental, and the apparent increase of 

fibrolamellar carcinoma, in young women can be explained by the presence of 

cases of fibrolamellar carcinoma in this age group (Goodman et al. 1982; 

Bruix et al. 2001; Anonymous. 1997a). No measurable effect of oral 

contraceptive on mortality from PLC has been found (Bosch et al. 1999). 

Androgens/anabolic steroids tend to be associated with liver cell adenoma 

rather than HCC (Anthony 1994).
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Although an association between tobacco consumption and HCC has been 

found, there is not enough evidence to consider this association as causal 

(Bosch et al. 1999), and the effect of smoking is hard to measure (Bruix et al. 

2001; Mori et al. 2000).

Vinyl chloride, an industrial toxic gas, is a known animal and human 

carcinogen associated with liver angiosarcoma. There is evidence in the 

literature of an association between vinyl Chloride and HCC (Saurin et al.

1997). In particular, an association has been found between vinyl chloride and 

K-ras (Weihrauch et al. 2001) and p53 mutations (Weihrauch et al. 2000).

No important and consistent evidence for a relationship between HCC and 

occupational variables was found in women (Heinemann et al. 2000).

Many natural carcinogens present in drinking water, food, or native remedies 

such as tannic acid and N-nitroso compounds have been linked to HCC in 

animal models, but no definite link with HCC in humans has been found 

(Anthony 1994).
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1.2 The genetic basis of hepatocarcinogenesis

1.2.1 General considerations.

Although many genetic abnormalities have been found in HCC, at present the 

order of events occurring between initiation and progression has not been 

clarified as yet (Ozturk 1999). In other words, no consistent sequence of 

genetic changes has emerged, probably due to the numerous metabolic 

functions and complexity of genetic expression in the hepatocytes, as 

compared for example to the colonic mucosa, where an "adenoma-carcinoma 

sequence" has been unveiled (Okuda 2000).

The numerous genetic alterations identified in HCC may also indicate that 

different aetiological factors affect different target genes, resulting in an 

aetiologically defined genetic and phenotypic heterogeneity of HCC (Ozturk 

1999)

There are two main approaches to the study of the molecular alterations of 

HCC; one is characterization of mutations of specific candidate genes (i.e. of 

genes investigated individually), the other a systematic search of genome-wide 

alterations (Chen et al. 1999). These two separate approaches are described 

in the next two sections. I have also included a brief discussion on the 

possible role of germ-line mutations in the genesis of HCC (section 1.2.3, 

heredity).

The use of genetic markers has led many investigators to show that the 

majority of cancers are monoclonal in origin (Wasan et al. 1997). The 

investigation of clonality and its limitations in HCC are discussed in section 

1.2.5.
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1.2.2 Mutations of specific candidate genes.

Alterations in the mechanisms regulating cell growth contribute to the events 

involved in neoplastic transformation and tumour progression.

Cell growth is regulated by growth factors acting on nuclear or cell surface 

receptors, which in turn alter the expression of genes regulating growth control 

(e.g. genes expressing cyclins and cyclin-dependent kinases) via signal 

transduction systems, and transcription factors.

Genetic damage caused by environmental agents such as chemicals, 

radiation, and viruses, or genetic damage inherited in the germ-line, may affect 

those regions that contain genes regulating cell growth and these genes are 

usually classified into promoter protooncogenes, growth-inhibiting cancer- 

suppressor genes, genes regulating apoptosis and DNA repair genes (Ozturk 

1999).

Current molecular genetic models of carcinogenesis also classify the genes 

involved in carcinogenesis into "caretaker" genes (e.g. mismatch repair genes) 

and "gatekeeper" genes (e.g. oncogenes, tumour suppressor genes). 

Gatekeeper genes regulate directly the growth of tumours. Inactivation of 

caretaker genes results in increased mutations of gatekeeper genes or other 

caretaker genes (Koreth et al. 1999).

Anomalies at different levels of the cell cycle regulatory pathways have been 

described in HCC. In the following paragraphs I have reviewed the cellular 

mechanisms involved in hepatocarcinogenesis, and in particular those involved 

in the regulation of the cell cycle, apoptosis, and DNA repair. I also describe 

the role of adhesions molecules and telomere/telomerase. The usual 

classification into oncogenes and tumour suppressor genes has not been 

followed in these paragraphs. It is my personal view that the complex 

interactions of these genes make a rigid separation in these two distinct 

classes impractical. Many studies have also investigated them together (e.g. 

retinoblastoma and cyclins, see below). I have therefore subdivided the
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following paragraphs following the cellular steps involved in the regulation of 

cell growth as follows:

a) Growth factors and Growth Factor Receptors.

b) Signal transducing proteins.

c) Proteins that regulate nuclear transcription and cell cycle.

d) Apoptosis.

e) Genes that regulate DNA repair.

f) Adhesion molecules (Cadherins).

g) Telomeres and telomerase.

a) Growth factors and Growth Factor Receptors.

Transforming growth factors-p (TGF-p) are multifunctional polypeptides that 

have been suggested to influence tumour growth with both stimulatory and 

inhibitory effects, the latter particularly in most epithelial cell cultures. These 

are secreted as latent complexes and therefore, must be activated to elicit a 

biological response. Binding to the mannose 6-phosphate/insulin-like growth 

factor-11 receptor (M6-P/IGF-llr) facilitates the activation of the TGF-p complex. 

Once activated, TGF-p exerts its effects by binding to specific cell membrane 

TGF-P receptors. The loss of responsiveness of hepatocytes to TGF-p has 

been implicated in hepatocarcinogenesis and could result from loss in the 

expression of either the TGF-p receptors or the M6-P/IGF-llr. Marked mRNA 

overexpression of TGF-P has been found in HCC, whereas the levels of TGF-p 

receptors showed no significant changes (Abou-Shady et al. 1999). Sue et al 

(Sue et al. 1995) and Bedossa et al (Bedossa et al. 1995) showed that 

reduction or abnormal distribution of TGF-p receptor in neoplastic hepatocytes 

may provide a selective growth advantage allowing them to escape the growth 

inhibitory effects of activated TGF-p.
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The insulin-like growth factor (IGF) II gene has been reported to be strongly 

associated with hepatocarcinogenesis (Kawai et aL 2001; Suzuki et al. 2000; 

Yamada et al. 1997; Schirmacher et al. 1992) (Park et al. 1995). Increased 

expression of the IGF II gene has been identified in putative precancerous 

lesions (Aihara et al. 1998). Kim et al suggested (Kim et al. 1998) that IGF-II 

is a hypoxia-inducible angiogenic factor in HCC.

Transforming growth factor alpha (TGF-a) is a mitogenic polypeptide that acts 

on the epidermal growth factor receptor (EGFR), and is thought to be involved 

in liver regeneration (Fausto 2000), and hepatocarcinogenesis (Collier et al.

1993).

Work in transgenic mice (Santoni-Rugiu et al. 1998) suggests that 

coexpression of c-myc (a nuclear transcription protein) and TGF-alpha leads to 

a selective growth advantage for hepatic preneoplastic cells. The expression of 

TGF-alpha and EGFR may be related to degree of differentiation of HCC, in 

humans. Strong immunohistochemical positivity for TGF-alpha was found 

mainly in well-differentiated HCC, while strong positivity for EGFR was found 

mainly in poorly differentiated HCC (Kira et al. 1997).

Hepatocyte growth factor (HGF) is a potent stimulator of DNA synthesis in 

hepatocytes, stimulating replication in liver regeneration (Fausto 2000). The c- 

met gene encodes for HGF tyrosine kinase receptor. Studies in vitro have 

shown that human liver myofibroblasts promote invasion of HCC cell lines by 

secretion of HGF, inducing secretion of urokinase by tumour cells (Monvoisin 

et al. 1999; Neaud et al. 1997), and that HGF inhibits death by apoptosis in 

human hepatocellular carcinoma cell lines (Suzuki et al. 2000). In an animal 

model of hepatocarcinogenesis, increased HGF expression in liver tissue (with 

immunohistochemical localization in bile duct epithelium and sinusoidal cells) 

and increased serum levels of HGF were seen at early stages of tumour
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development suggesting that HGF may act as a growth promoter (Burr et al. 

1996).

Overexpression of c-Met (but not HGF concentration) in HCC in humans 

correlates with poor survival (Ueki et al. 1997).

b) Signal transducing proteins.

Signal transduction systems consist of pathways of sequential activation of 

proteins and convert extracellular signal into intracellular signals that, for 

example regulate cell growth. The most important ones involved in cell growth 

regulation are the Mitogen-Activated Protein (MAP) Kinase, Inositol-Lipid (IP3), 

Cyclic Adenosine Monophosphate (cAMP), Janus kinase/signal transducers 

and activators of transcription (JAK/STAT) pathways. For example, in cells 

stimulated by growth factors the ras proteins become activated and induce 

mitogenesis by activation of the MAP-kinase pathway. These proteins also 

control the level of cyclin dependent kinases (Anonymous. 1999). Mutant ras 

sequences are the most frequently detectable alterations in some types of 

human tumours (Teich 1997), but the ras gene does not appear to be 

frequently mutated in HCC (Ozturk 1999).

Mitogen-activated protein kinase/extracellular signal-regulated protein kinase 

(MAPK/ERK) is the distal end of the MAPK cascade as it translocates into the 

nucleus and activates by phosphorylation transcription factors such as c-jun 

and c-fos. MAPK/ERK activation is increased in human HCC compared to 

non-neoplastic tissue, and is also positively correlated with protein expression 

of transcription factor c-Fos, and cyclin D1 expression (Ito et al. 1998), 

suggesting that this pathway of cell cycle induction may play an important role 

in hepatocarcinogenesis.

In contrast to the mitogenic effect of the ras proteins, the product of the 

Adenomatous Polyposis Coli (APC) gene has the property of down-regulating
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growth promoting signals. The APC protein causes degradation of p-catenin, a 

protein that can enter the nucleus and activate transcription of growth- 

promoting genes. Therefore inactivation of the APC gene increases the levels 

of p-catenin, which, in turn, up-regulates cellular proliferation. Mutations of the 

APC gene leads to the development of up to thousands of adenomatous 

polyps in the colon, some of which invariably undergo malignant 

transformation. Patients with familial adenomatous polyposis may also develop 

HCC (Zeze et al. 1983; Van Steenbergen et al. 1989; Laferla et al. 1988; 

Gruner et al. 1998) or hepatoblastoma (Toyama et al. 1990; Li et al. 1987; 

LeSher et al. 1989; Hughes et al. 1992; Garber et al. 1988; Bernstein et al. 

1992).

Accumulation of beta-catenin as a result of mutation of the P-catenin gene has 

been described in human HCC (Terris et al. 1999; Kondo et al. 1999b), also 

without concomitant mutation of the APC gene (Huang et al. 1999b; Legoix et 

al. 1999), and correlates with increased Ki-67 proliferative index (Nhieu et al. 

1999). Interestingly, p-catenin gene mutation occurs in HCC with low loss of 

heterozygosity (Legoix et al. 1999), seems not to be related to HBV infection, 

and correlates with good prognosis (Mao et al. 2001; Legoix et al. 1999; 

Laurent-Puig et al. 2001). These results suggest that there are two main 

genetic pathways in hepatocarcinogenesis, one occurring in HBV infected 

patients and associated with chromosome instability, poor differentiation and 

prognosis, the other occurring in non-HBV infected patients, and associated 

with large tumours (suggesting a relatively slow rate of growth) (Pitot 2001).

c) Proteins that regulate nuclear transcription and cell cycle.

Nuclear transcription proteins.

These are gene products localized in the nucleus where they control the 

transcription of growth related genes. These include the products of myc, myb, 

jun and fos oncogenes. The myc oncogenes are commonly involved in human
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tumours. Burkitt lymphoma is one example of tumours carrying a translocation 

affecting the c-myc oncogene. The c-myc protein is a potent transcriptional 

activator. On the other hand, when myc activation occurs in the absence of 

growth factor stimulation, cells undergo apoptosis. Work on transgenic mice 

(Santoni-Rugiu et al. 1998) suggests that coexpression of c-myc (a nuclear 

transcription protein) and TGF-alpha leads to a selective growth advantage for 

hepatic preneoplastic cells. Although Myc genes (e.g. c-myc, H-myc) are not 

frequently mutated in HCC (Ozturk 1999), the inhibitory role of c-myc activation 

described above would be confirmed by the low expression of c-myc in human 

HCC compared to non-neoplastic tissue. Moreover c-myc expression is 

inversely correlated with the expression of mutated p53 and Ki67 proliferative 

index, c-fos and c-Jun tend to be expressed in HCC in a coordinate fashion 

(Yuen et al. 2001). Other authors have found no significant difference of c-myc 

between HCC and cirrhotic liver in the same patients (Himeno et al. 1988).

BRCA-1 and BRCA-2 genes are two recently discovered tumour-suppressor 

genes associated with breast cancer and are believed to be involved in 

transcriptional regulation and possibly DNA repair. BRCA2 appears to be 

rarely involved in HCC (Ozturk 1999).

The jP53 gene

The p53 gene is a known tumour suppressor gene. DNA damage or hypoxia is 

followed by increase in levels of p53, which mediates two major effects, i.e. 

cell-cycle arrest and apoptosis. It is a very common target for genetic alteration 

in human cancers, and is mutated in about 30% of HCC worldwide (Ozturk

1999). The frequency and the type of mutation of the p53 gene are different 

depending on the geographic location.

The mutation of the p53gene at codon 249 (consistent with the effect of 

aflatoxin B1 (AFB1) exposure, as assessed by mutagenesis studies (Cerutti et

38



al. 1994)) has been found in the Qidong area in China (Hsu et al. 1991), and 

in South Africa (Bressac et al. 1991). The occurrence of the mutation of the 

p53 gene at codon 249 parallels the level of AFB1 exposure (Aguilar et al.

1994).

HOC is common among Alaskans, where familial clustering and early onset 

suggest a germ line mutation in an oncogenes or tumour suppressor gene. 

However in patients affected by HCC, no p53 mutations were found in 

Alaskans (DeBenedetti et al. 1995). Lack of association between HCC and 

p53 mutation was also found in the Mediterranean area (Boix-Ferrero et al.

1999), India (Katiyar et al. 2000), and Australia (Vesey et al. 1994).

Mutations of p53 may occur in HCC independent from aflatoxin risk (Ozturk

1999). HBV infection appears to be unrelated to the micro-genetic changes of 

p53. The HBV X gene (HBx) is a transactivator which upregulates the 

expression of other viral genes. It has been shown that HBx, complexes with 

p53 in the cytoplasm, partially preventing its nuclear entry and ability to induce 

apoptosis, suggesting its possible contribution to hepatocarcinogenesis (Ueda 

et al. 1995; Elmore et al. 1997; Feitelson 1998; Wang et al. 1994), although it 

appears to be a rather infrequent and late event (Su et al. 2000). Moreover, 

there is low frequency of p53 mutations in HBxAg-positive HCC (Greenblatt et 

al. 1997; Ng et al. 1994).

It seems that accumulation of p53 (either due to mutation or binding to HBx) 

occurs at late stage of tumour progression rather than early tumour 

development (Su et al. 2000), possibly contributing to de-differentiation in 

overt HCC (Nakashima et al. 1998; Ng et al. 1994; Ng et al. 1995a; Itoh et al.

2000) and therefore correlating with poor prognosis (Honda et al. 1998; Naka 

et al. 1998).
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Expression of p73 (a protein with functions similar to p53) in HCC correlates 

with poor prognosis (Tannapfel et al. 1999b).

Cyclins. cyclin dependent kinases and retinoblastoma protein.

The progression of cells through the yarious phases of the cell cycle is 

regulated by the inter-action of the retinoblastoma (Rb) protein, cyclin- 

dependent kinases (CDK), cyclins, and CDK inhibitors. In its actiye 

underphosphorylated state the Rb protein seryes as brake on the 

adyancement of cells from the G1 to the S phase of the cell cycle. 

Phosphorylation (and therefore inactiyation) of the Rb protein by the 

phosphorylated complex CyclinD/CDK4, actiyates the transcription of seyeral 

genes whose products facilitate the progression from G1 phase of the cell 

cycle to the S phase. The actiyity of CDK is regulated by CDK inhibitors.

In HCC alterations of the genes of the Rb protein, cyclin D, cyclin A and CDK 

inhibitors haye been found, indiyidually (Ozturk 1999). Loss of heterozygosity 

of the retinoblastoma gene has been found in HCC and adjacent cirrhotic liyer, 

suggesting a role of this mutation in early stages of hepatocarcinogenesis 

(Ashida et al. 1997), although other studies suggest a role in tumour 

progression (Hui et al. 1999; Hui et al. 2000).

When the expression of Rb protein, cyclin D1 p i6 (a CDK inhibitor) was 

studied (by immunohistochemistry) in HCC, there was an inyerse correlation 

between inactiyation of p i6 and inactiyation of Rb protein. Cyclin D1 

oyerexpression correlated with adyanced pathological grade (Azechi et al.

2001). Somatic alteration of p16INK4 (MTS1) (a CDK inhibitor) was found in 

approximately half of HCC in a study from Switzerland (Chaubert et al. 1997). 

Germ-line mutations at the same locus were also identified (see below, 

paragraph 1.2.3).
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d) Apoptosis

Apoptosis is a form of cell death mediated by activation of a series of events 

regulated by a dedicated set of gene products. Apoptosis is responsible for 

numerous physiologic, adaptive and pathologic events such as destruction of 

cells during embryogenesis, hormone dependent involution in adults, death, 

death of immune cells and cell death induced by cytotoxic T cell etc. 

Apoptosis in tumours is an important mechanism that may counterbalance 

tumour cell proliferation. Withdrawal of growth factors or hormones, DNA 

injury, or surface receptor-ligand (e.g. FAS-FAS ligand) interactions, alters the 

balance of apoptosis inhibitors (e.g. bcl-2, bcl-xL) and promoters (e.g. bax, 

bad), triggering the activation of the caspase family of proteases that digest 

intracellular contents leading to cell death. The majority of follicular-type B cell 

lymphoma shows overexpression of bcl-2, protecting lymphocytes from 

apoptosis. Cell kinetic imbalance may be responsible for progression of HCC 

(Yamamoto et al. 1999). The role of the FAS-FAS ligand system appears to 

controversial (Lee et al. 2001; Roskams et al. 2000; Nagao et al. 1999; Kubo 

et al. 1998), although Fas downregulation and Fas ligand overexpression in 

HCC correlate with poor prognosis (Ito et al. 2000). Bcl-XL rather than bcl-2 

seems to be involved in the modulation of apoptosis in HCC (Takehara et al. 

2001; Wu et al. 1999a).

e) Genes that regulate DNA repair.

Cells developing defects in DNA repair become more susceptible to DNA 

alterations occurring spontaneously during DNA replication. DNA repair 

defects may be identified by examination of microsatellite sequences that are 

tandem repeats of one to six nucleotides in the genome. Abnormality of DNA 

repair systems result in expansion or contraction of microsatellite sequences, a 

phenomenon called microsatellite instability (MSI). DNA repair gene defect has 

a major role in the majority of hereditary non-polyposis colorectal cancer and a
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subset of sporadic malignant tumours. The role of MSI in 

hepatocarcinogenesis is discussed below (paragraph 2.4.3).

f) Adhesion molecules (Cadherins).

Cadherins are adhesion glycoproteins expressed on the cell surface of 

epithelial cells. Abnormal cadherin function is associated with tendency to 

disaggregation and loss of cell-to-cell inhibition. Abnormalities of the E- 

cadherin gene have been described in HCC (Ozturk 1999). Inactivation of the 

E-cadherin gene may occur by CpG méthylation around the promoter region 

(Kanai et al. 1997), or by allelic loss (Slagle et al. 1993). Underexpression of 

E-cadherin in HCC correlates with increase in HCC histological grade 

(Shimoyama et al. 1991), poor survival (Endo et al. 2000; Garcia et al. 1998) 

and tumour recurrence (Huang et al. 1999a). In addition to a signaling role (it 

up-regulates cellular proliferation, see signal transducing proteins, above), p- 

catenin has a crucial role in cell-to-cell adhesion, as it forms complexes with E- 

cadherin and stabilises it. Overexpression of p-catenin correlates with increase 

in tumour grade and poor survival (Endo et al. 2000)

g) Telomeres and telomerase.

Telomeres are DNA-protein complexes at the end of each chromosome. 

Telomeric DNA consists of simple tandem repeat sequences. Telomeres 

shorten after each cell division, and loss of telomeres initiates and drives 

genomic instability resulting in chromosomal abnormalities such as end-to-end 

fusion. It is hypothesized that, after a certain number of doublings. Loss of 

telomere function leads to cell death. Telomeres thus are an indicator of cell 

age.

Telomerase is a transcriptase enzyme, which elongates telomeres. In most 

somatic tissues including liver, telomerase activity cannot be detected; 

therefore telomeres shorten with each cell division. In germ cells telomerase
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activity is present and no telomere shortening is identified. In carcinogenesis it 

is suggested that transformed cells may be immortalized by genomic instability 

causing activation of telomerase. Telomerase activity has been detected in 

human HCC (Ferlicot et al. 1999; Huang et al. 1998; Ide et al. 1996) and 

precursor nodular lesions (Hytiroglou et al. 1998; Miura et al. 1997; Park et al.

1998) and not or weakly in non-neoplastic tissue (Harada et al. 2001; Ide et al. 

1996; Tahara et al. 1995).

Determination of telomere length and telomerase activity may be used as a 

diagnostic marker of HCC (Erlitzki et al. 1999; Kojima et al. 1997; Komine et 

al. 2000; Nakashio et al. 1997; Nouso et al. 1996). Telomerase activity in 

HCC may have prognostic value (Kanamaru et al. 1999; Ide et al. 1996; Ohta 

et al. 1997; Shimada et al. 2000; Suda et al. 1998). Telomere shortening in 

chronically diseased liver tissue may indicate risk of HCC development 

(Isokawa et al. 1999; Ohashi et al. 1996)

1.2.3 Heredity.

The investigation of familial inheritable HCC could provide a very useful tool for 

the elucidation of the genetic changes occurring in hepatocarcinogenesis 
(Okuda 2000).

In general terms, hereditary forms of cancers can be divided into three 

categories: inherited cancer syndromes, Familial cancers and autosomal 

recessive syndromes of defective DNA repair. HCC has been described in 

patients affected by some of these syndromes, such as familial adenomatous 

polyposis of the colon (Zeze et al. 1983; Van Steenbergen et al. 1989; Laferla 

et al. 1988; Gruner et al. 1998), Von-Hippel Lindau disease (Lynch et al. 

1985), Multiple Endocrine Neoplasia (Nakajima et al. 2000) and ataxia- 

telangiectasia (Weinstein et al. 1985; Yoshitomi et al. 1980; Krishna et al. 

1979), but an association by chance cannot be excluded.
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Inheritable germ-line genetic changes with a role in hepatocarcinogenesis may 

be provoked by the constant exposure to toxins associated 

hepatocarcinogenesis such as AFB1, or by HBV DNA integration (Okuda

2000).

Family clustering and early onset of HCC suggest the possibility of germ-line 

mutation of an oncogenes or tumour suppressor gene in Alaskans 

(DeBenedetti et al. 1995). Three of four HCC patients carrying a germ-line 

mutation of p16INK4 (MTS1) (a CDK inhibitor) were non-cirrhotic in a study 

from Switzerland (Chaubert et al. 1997), and in two of these the wild-allele 

was lost in the tumour, suggesting a two hit gatekeeper-type pathway of 

carcinogenesis.

1.2.4 The genome-wide alteration approach.

Genetic instability exists within tumours and genetic changes are responsible 

for cell heterogeneity and the production of variants giving rise to selectable 

sub-clones responsible for tumour progression (Arribas et al. 1997). Different 

approaches have been used to measure generalized genomic damage. These 

include the determination of aberrant total nuclear content (aneuploidy) by flow 

cytometry, genomic fingerprinting and other approaches to detect enhanced 

MSI associated with the mutator pathway for (pseudo)diploid cancers or 

chromosomal instability (Cl) underlying the tumour suppressor pathway for 

aneuploid cancers (Perucho 1996). When altered chromosomal regions are 

identified frequently in a particular type of human cancer, it can be inferred that 

these regions may harbour oncogenes or tumour suppressor genes, and these 

can be accurately positioned and defined. For example, in various human 

tumours including HCC, there is frequent alteration of loci on the chromosomal 

arm 6q, where numerous genes important in cellular growth and regulation are
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present, including M6P/IGFIIr, a known candidate for involvement in HCC (see 

above) (Pineau et al. 2000; Koyama et al. 2000).

Cvtogenetic studies of solid tumours.

Cytogenetic studies such as karyotyping are difficult to perform on solid 

tumours compared with lymphomas and leukaemias (Sheer 1997), mainly due 

to low success rate and long processing times. Carcinomas in particular are 

difficult to investigate because they often have relatively few dividing cells, the 

morphology of the chromosomes is often indistinct and there is gross 

aneuploidy and many chromosome rearrangements. Due to the cytogenetic 

heterogeneity of these tumours, it is necessary to obtain more cells from 

different areas of the same lesion in order to have a representative profile of 

the tumour. Despite these technical impediments, using this technique Chen et 

al (Chen et al. 1999) found that chromosome Ip aberrations are frequent in 

HCC.

Comparative genomic hybridisation (CGH) has the advantage that it is not 

necessary to use fresh tissue for culture in order to obtain chromosomes from 

tumours and this is particularly useful in the analysis of neoplasms with a low 

mitotic index (Sheer 1997). A metaphase spread of chromosomes from 

reference normal cells such as lymphocytes is first obtained, and used as a 

hybridisation template. DNA from the tumour under investigation as well as an 

equal amount of DNA from non-neoplastic tissue is also obtained, each 

labelled with a different fluorescent die and used as probes. The two probes 

are mixed together and hybridised to the metaphase-spread. The DNA loci of 

the tumour probe will hybridise to the chromosome loci of the template in equal 

amount to the non-tumour probe if no alterations are present, generating an 

intermediate colour signal. In case of deletion of chromosome loci in the DNA 

tumour probe, only the non-tumour probe will hybridise emitting its specific 

fluorescent hue. On the other hand if tumour DNA probe chromosome loci are
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amplified these will preferentially hybridise to the template generating its 

specific fluorescent colour. The comparison of the colour components of the 

metaphase spread after hybridisation allows the identification of chromosomal 

loss or gain.

Using CGH, different authors have obtained similar results (Marchio et al. 

2000; Wong et al. 1999; Lin et al. 1999) including abnormalities strictly 

associated with HBV positive status such as losses at 4q, 17p and particularly 

16q. Marchio et al (Marchio et al. 2000) found in six fibrolamellar carcinomas 

(FLO) gains of chromosome arm 1q, a region that is also preferentially 

amplified in non-fibrolamellar tumours (58%), suggesting that it may harbour a 

protooncogene commonly implicated in liver carcinogenesis

Recently, Rao et al (Rao et al. 2001) combined CGH and fluorescence in situ 

hybridisation (FISH) on 17 HCC CGH showed abnormalities on chromosomes 

1q, 5q, 7q, 8q, 9, 10, 13q, 15, 16, 17p, 18q, 19, 20, 21, 22, and X. Gains of 8q 

were noted in 50% of the HCC, including five cases of incidental HCC by CGH. 

Increase in copy numbers of MYC detected by FISH was noted in 25% of 

tumours that had shown 8q gains by CGH and in five cases with no 

chromosome abnormalities noted by CGH. Three cases with 7q31 copy 

number abnormalities were found by FISH in addition to those detected by 

CGH.

Wilkens et al (Wilkens et al. 2000) have used CGH to investigate whether 

multifocal HCC is related to intrahepatic metastatic spread or to the 

multicentric origin of clonal neoplasms. The first possibility was considered 

likely in six nodules in which the affected chromosomes and their pattern of 

aberrations were almost identical in all of them. The possibility of multicentric 

origin was considered likely for four nodules that showed comparable 

aberration patterns involving chromosomes 1, 4, 8, 13, and 17, together with a 

number of further aberrations.
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Loss of heterozygosity.

Loss of heterozygosity (LOH) is the technique used to investigate gene loss. 

Markers specific for different loci on each chromosome are used in order to 

identify differences between neoplastic and non-neoplastic tissue. These 

probes are amplified by PCR and the PCR products are examined. Assuming 

that in non-neoplastic tissue the chromosomes are intact, each marker should 

identify two alleles (heterozygosity) of tumour suppressor genes. The 

identification of one allele only in neoplastic tissue indicates allelic deletion at 

that specific locus (loss of heterozygosity). The identification of high-frequency 

LOH at one locus in a particular type of tumour may indicate that the locus is 

preferentially affected during tumour development and that may be a candidate 

for the locus of a tumour suppressor gene.

Although LOH may identify more and smaller allelic loci than CGH (Chen et al.

1999), it is not useful for finding loci with increase gene copies that may be 

important for the detection of oncogenes.

Using this approach, previous studies on HCC (Boige et al. 1997; Kondo et al.

2000) have identified frequent LOH in chromosome regions 

1p,1q,2q,4q,6q,8p,8q,9p,9q,10q,13q,14q,16p,16q and 17p. Candidate tumour 

suppressor genes in these regions include the IGF receptor beta-like tumour 

suppressor gene, the p i 6 gene, the Rb gene, the E-cadherin gene and the p53 

gene.

Many chromosomal loci are frequently deleted in HCC but are not linked to 

known tumour-suppressor gene. For example, Okabe et al (Okabe et al. 2000) 

performed a genome-wide scan of LOH in 44 tumours of HCC using 216 

microsatellite markers throughout all human chromosomes, comparing these 

findings with clinico-pathological variables such as HBV status, histological 

grading, invasiveness and metastatic spread. They confirmed allelic losses 

that had been widely reported in previous studies as well as LOH at high 

frequency (>30% of informative cases) and reported a novel frequent LOH at
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chromosome 19p. As in other similar studies (Kawai et al. 2000; Shew et al.

1999), the authors identified higher frequency of LOH in HBV positive patients 

than in HCV + or non-viral patients and showed that LOH on 6q may play an 

important role in the early stage of hepatocarcinogenesis in virus-negative 

patients, being higher in well differentiated HOC.

Microsatellite instability.

Two different forms of genetic instability, microsatellite instability (MSI) and 

chromosomal instability (01) are seen in carcinogenesis. Tumours with MSI 

display a replication error (RER) in microsatellite sequences due to DNA 

mismatch repair deficiency. Microsatellites are tandem repeats of one to six 

nucleotides scattered through the genome. Defects in mismatch repair can be 

documented by analysing microsatellite sequences.

Chromosomal instability causes gross genomic alterations leading to 

aneuploidy and/or loss of heterozygosity. DNA mismatch repair deficiency 

leads to slippage frameshift mutations in some genes related to carcinogenesis 

repair. Some genes (e.g. TGF-pRII, IGFII-R, BAX and E2F4) possess 

repetitive sequences within their coding regions that are often affected by MSI 

in gastrointestinal cancers (Kondo et al. 1999a).

Many studies investigating MSI have shown that it may be a rare event in 

hepatocarcinogenesis (Karachristos et al. 1999; Kawai et al. 2000; Kondo et 

al. 1999a; Kondo et al. 2000; Sheu et al. 1999; Yamamoto et al. 2000; 

Takagi et al. 1998; Piao et al. 2000) while others would indicate that MSI has 

a role in HCC development (Kazachkov et al. 1998; Macdonald et al. 1998; 

Park et al. 2000; Salvucci et al. 1999), although these latter studies have 

used only small numbers of microsatellite probes.
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Genomic fingerprinting: Arbitrarily primed polymerase chain reaction.

The arbitrarily primed polymerase chain reaction (AP-PCR) is a PCR-based 

DNA fingerprinting technique that permits the detection of phylogenetic and 

ontogenetic DNA sequence variations. It is based on the amplification of 

random genomic sequences by the use of PCR primers of an arbitrary 

nucleotide sequence. It was first developed by Welsh and McClelland (Welsh 

et al. 1990) in order to identify different bacterial strains. A few cycles of 

primer extension at low stringency result in a high number of products having 

the original primer sequence at both ends. Subsequent high stringency PCR 

amplifies a discrete number of sequences among those initially targeted, and 

permits the unbiased analysis of the cell genome (Perucho 1996). The PCR 

products are run on a Polyacrylamide gel (Polyacrylamide gel electrophoresis, 

PAGE) and displayed using radioactive or non-radioactive techniques, as band 

patterns resembling a "bar-code". The principles behind standard PCR and 

AP-PCR are shown in figures 1.2.1 and 1.2.2. Both chromosomal and 

microsatellite instability can be detected using the AP-PCR technique by 

identifying quantitative (band gain or loss) or qualitative (band shift) changes in 

the fingerprints, respectively (Perucho 1996)(Figure 1.2.2). DNA fragments 

representing altered genomic fragments may be extracted and cloned. The 

relative extent of genomic damage in a tumour can be estimated by 

comparative analysis of the number of changes in its AP-PCR fingerprints with 

the respective normal tissue and can be also used for cancer prognosis. For 

example Arribas et al, investigating colo-rectal cancers, showed a correlation 

between high genomic damage fraction, and features such as advanced 

Duke's stage, poor differentiation and reduced disease-free survival, 

supporting the hypothesis that tumour progression correlates with the 

accumulation of genetic alterations (Arribas et al. 1997). This technique has 

been applied to small cell carcinoma of the lung cell line, allowing the 

identification, after isolation and re-amplification of target sequences, of the
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Figure 1.2.1. Principles of standard PCR.

standard PCR: This DNA fragment contains 3 genes. Gene B is the gene under 
investigation

Gene A Gene B Gene C

Two primers (red arrows) which anneal to each end of gene B are used for PCR
amplification

Gene A Gene B Gene C

PCR amplification

Gene B

Gene B

Gene B

Only Gene B is amplified and can be used for further analysis
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Figure 1.2.2. Principles of AP-PCR.

With AP-PCR the target sequence(s) to be amplified is/are unknown. A primer is designed with an arbitrary 
sequence (for example it may be computer randomly generated) and this primer only is used for each PCR 
amplification

In this figure a large fragment of DNA is used as a template for the AP-PCR analysis. The PCR mix contains 
many copies of a single arbitrary primer (blue arrows). These primers anneal to sites 1, 2, and 3 on the top DNA 
strand, and to sites 4, 5, and 6 on the bottom DNA strand.

1 ^  2  ^

DNA template 1

PCR amplification

Product A Product B

Product A is produced by AP-PCR amplification of the DNA sequence which lies in between the primers bound at 
positions 2 and 5. Product B is produced by AP-PCR amplification of the DNA sequence which lies in between 
the primers bound at positions 3 and 6. No PCR product is produced by the primers bound at positions 1 and 4 
because these primers are too far apart to allow completion of the PCR reaction. No PCR products are produced 
by the primers bound at positions 4 and 2 because these primers are not oriented towards each other.

Another DNA template is obtained from a different source (e.g. neoplastic tissue), containing some differences in 
the DNA sequence of the two templates.

DNA template 2

PCR amplification

Product B

Due to these differences in the DNA template, the primer is no longer able to anneal to site #2, and thus the PCR 
product A is not produced. Only product B is produced.
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The PCR products from the two reactions are run on gel and displayed as bands. Two different patterns of bands 
are generated from amplification of two different DNA templates.

Lane DNA template 1 DNA template 2

Product A

Product B

When AP-PCR is applied to the study of genomic damage in cancer, it can be used to quantitative changes 
associated with chromosomal instability, as well as qualitative changes associated with enhanced microsatellite 
instability (From Perucho, M.1996).

Quantitative changes Qualitative changes

Tumour TumourNormal Normal
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chromosomal regions where gene amplification occurred (Okazaki et al. 

1996).

A correlation between genomic alteration and prognosis was also found in non

small cell lung cancer (De Juan et al. 1998). Qualitative differences identified 

by AP-PCR in colorectal tumours led to the identification of the microsatellite 

mutator phenotype in these tumours (Ionov et al. 1993), and were also 

identified in ovarian cancer (Sood et al. 1996). AP-PCR has also been used to 

investigate DNA méthylation in different tumour tissues (Liang et al. 1998).

Sirivatanauksorn et al (Sirivatanauksorn et al. 1999b) have used AP-PCR to 

investigate genomic heterogeneity in histologically defined HCC and 

regenerative nodules in cirrhotic patients, identifying genomic heterogeneity in 

HCC of size above 0.6 mm. The same technique was used to establish 

whether synchronous HCC represent de novo tumours or intrahepatic 

metastatic spread (Sirivatanauksorn et al. 1999c), and in the investigation of 

FLC (Sirivatanauksorn et al. 2001).

In summary, large genome-wide scan methodologies have revealed major 

losses of heterozygosity regions on chromosomal arms Ip, 4q, 6q, 9p, lOq, 

13q, 16p, 16q, 17p and 20q and frequent amplifications at chromosome 1q, 6p, 

8q and 17p. However, only a handful of oncogenes and tumour suppressor 

genes located in these regions have been clearly involved in a significant 

subset of HCC (Pineau et al. 2000).

Microarrav technologv.

Gene Expression Microarray (GEM) technology (Schena et al. 1995; Schena 

et al. 1996; Bowtell 1999) provides a system for screening large numbers of 

gene expression changes simultaneously. Microarrays can be used for four 

main purposes, i.e. Investigation of gene expression, genotyping, gene 

mapping and functional analysis. DNA probes from thousands of different
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known gene sequences or, in alternative, parts of gene sequences of 

unknown function called Expressed Sequence Tags, (EST), are attached to a 

solid surface (microarray) and are exposed to messenger RNA obtained from 

tissue samples and labelled with a fluorescent dye. Fluorescent images of the 

hybridised microarrays are obtained using a microarray scanner and 

fluorescence ratios obtained to calculate the amount of each gene transcript.

This system has been used to investigate numerous human tumours (Alizadeh 

et al. 2000; Bubendorf et al. 2000; Golub et al. 1999; Wang et al. 1999; 

Khan et al. 1998; Pérou et al. 1999; Alon et al. 1999; DeRisi et al. 1996).

A recent study (Alizadeh et al. 2000) using DNA microarray identified two 

molecularly distinct forms of diffuse large B cell lymphoma which had different 

patterns indicative of different stages of B-cell differentiation (germinal centre 

B-cells and activated B cells) and the first group with a significantly better 

survival in the first group. The authors conclude that the molecular 

classification of tumours on the basis of gene expression can identify 

previously undetected and clinically significant subtypes of cancer; small 

numbers of marker genes can be used to stratify patients into molecularly 

relevant categories which will improve the precision and power of clinical trial; 

presents a new way of approaching cancer therapeutics in the future; define 

prognostic groups.

This new GEM technology has some drawbacks. It is not broadly available as 

yet and requires expensive facilities in the form of highly specialised hardware 

and software plus a high level of expertise. There is also the risk of generating 

large amounts of data that may be difficult to interpret.

New studies on HCC using GEM technology are emerging in the literature (Lau 

et al. 2000; Li et al. 2000; Okabe et al. 2001).
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Lau et al (Lau et al. 2000) investigated the expression of 4000 known human 

genes, in 10 pairs of HCC and non-neoplastic tissues from ethnic Chinese 

patients in Hong Kong. A total of 211 genes were found to be highly expressed 

and 147 genes were downregulated in more than 1 out of 10 of the HCC pairs. 

Six genes were highly expressed and 10 genes were downregulated in more 

than 30% of HCC pairs. In a similar way, using a cDNA microarray assay 

containing 4,096 genes Li et al (Li et al. 2000) identified 903 genes of interest.

In a more recent study (Okabe et al. 2001) a cDNA microarray assay 

containing 23,040 genes was used for the analysis of the expression profiles of 

20 primary HCC and their corresponding non-neoplastic tissues. The authors 

observed up-regulation of mitosis-promoting genes in the majority of the 

tumours examined, differential gene expression patterns related HBV and HCV 

status and a number of genes associated with malignant histological type or 

invasive phenotype.

1.2.5 Clonality.

Clonality in liver nodules has been investigated by several authors (Table 1.2.1). 

Individual HCC (and perhaps 43% of regenerative nodules) are monoclonal by 

Restriction Fragment Length Polymorphism (RFLP) analysis of the X-linked 

phosphoglycerokinase (PGK) gene (Aihara et al. 1994). A later work using the 

same method of assessment of clonality by Aihara T et al (Aihara et al. 1996) 

showed monoclonality of 7 HCC and 5 dysplastic nodules. Problems with this type 

of analysis are caused by tumour size and inflammatory cell infiltration: of 11 

informative HCC studied by Kawai S et (Kawai et al. 1995), all 7 large (>25mm) 

HCC were monoclonal by PGK analysis, while 2 of 4 small (<25mm) tumours were 

monoclonal, and 2 were polyclonal. One of the latter was HCC with a heavy 

lymphocytic infiltration, and the other was 15 mm and was designated as
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Table 1.2.1 Clonality of liver nodules in cirrhotic liver

TYPE OF NODULE INVESTIGATED METHOD AND 
AUTHORS

RN/MRN DN HCC

33 of 76 (43%) RN monoclonal 7 of 7
Size=2.6±1.4 mm 
monoclonal

PGK analysis 
(Aihara et al. 1994)

5 of 5 (size 12- 
22mm) monoclonal

7 of 7
Size= 8-5.5 cm 
monoclonal

PGK analysis 
(Aihara et al. 1996)

1, size 15 mm 
polyclonal

2/3 <25mm monoclonal 
7 >25mm monoclonal

PGK analysis 
(Kawai et al. 1995)

5 of 5 (0.6-1.2cm) MRN polyclonal 9/10 (size not stated) 
monoclonal

HUMARA gene assay 
(Piao et al. 1997)

2/2 (3cm) 
monoclonal

HUMARA gene assay 
(Paradis et al. 1997)

2 of 2 MRN (6 and 12 mm) 
monoclonal

3 (8,5, and 15 mm) 
of 9 low grade DN 
monoclonal;
6 of 6 (range=6- 
15,median 10 mm) 
high grade DN 
monoclonal

3 (4, 6 and 12 mm), of 5 HCC 
monoclonal

HUMARA gene assay 
(Paradis et al. 1998)

57 RN (51%) monoclonal and 55 
RN (49%) were polyclonal; 
(mean size of the monoclonal 
nodules: 3 + 0.1 mm vs mean 
size of the polyclonal nodules: 
2.5 +/- 0.1 mm, p = 0.007);
2 of 4 MRN monoclonal (size not 
given)

2 of 6 DN 
monoclonal (size not 
given)

1 of 1 HCC monoclonal (size 
not given)

HUMARA gene assay 
(Paradis et al. 2000)

101 out of 180 nodules including RN MRN and DN 
monoclonal

HUMARA gene assay 
(Yeh et al. 2001)

58.9% monoclonal 100% 100% HUMARA gene assay 
(Ochiaietal. 2000)

0.5% monoclonal HBV integration pattern 
(Aokietal. 1989)

2 monoclonal HBV integration pattern 
(Tsudaetal. 1988)

31% monoclonal HBV integration pattem 
(Yasuietal. 1992)

RN/MRN= Regenerative nodules/Macroregenerative nodule; DN= Dysplastic nodules; 
HCC= Hepatocellular carcinoma
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adenomatous hyperplasia. All of these studies ignore the question of how precisely 

the HCC were so categorized, especially the smaller ones.

Recently another way of assessment of hepatocellular carcinoma clonality in 

female patients has become available by analysis of the X-linked human androgen 

receptor (HUMARA) gene assay. In one such study (Piao et al. 1997) nine often 

HCC were monoclonal, and one was polyclonal (this case contained many 

inflammatory cells). All of the large regenerative nodules (0.6-1.2 cm diameter) 

were polyclonal. The size of the HCC was not stated. Another study using the 

HUMARA technique (Paradis et al. 1997) demonstrated polyclonality of 15 focal 

nodular hyperplasias, and monoclonality in 6 of 7 adenomas (the polyclonal lesion 

was the smallest adenoma studied at 3.3 cm diameter) and two hepatocellular 

carcinomas (each 3 cm diameter). The smallest putative neoplastic hepatocellular 

lesions in cirrhosis have not been comprehensively studied by the HUMARA 

method. In a more recent paper, Paradis et al (Paradis et al. 1998) showed, using 

the same method as in the previous paper, that monoclonality was detected in 5 

of 11 (45%) nodules from groups of entirely benign-looking and low-grade 

dysplastic nodules in 9 of 15 (60%) high-grade dysplastic nodules and HCC and 

that neither the aetiology of cirrhosis nor the size or histological classification of 

the nodules was correlated with the clonal status. The latest work by Paradis et al 

(Paradis et al. 2000) has investigated liver regenerative nodules using HUMARA 

and showed that 57 regenerative nodules (51%) were monoclonal and 55 (49%) 

were polyclonal and that mono- and polyclonal nodules were randomly distributed 

in the cirrhotic liver.

Limitations of clonalitv studies. The "patch size" question.

There are some limitations to the assessment of clonality (Garcia et al. 1999; 

Going et al. 2000).

57



One of the limitations in the application of techniques using X-chromosome 

inactivation is the concept of patch size (Garcia et al. 1999). As X-chromosome 

inactivation (Lyonization) occurs during embryonic life, groups of cells deriving from 

a common precursor share a common genotype and show the same pattern of 

inactivation. A tumour arising within a patch will show the same type of X- 

chromosome inactivation regardless of its genuine monoclonal or polyclonal nature. 

Ochiai et al (Ochiai et al. 2000) recently investigated patch size in the liver using 

the HUMARA technique assessing samples of tissue taken from areas of liver 

parenchyma of different size and extrapolating that the size of patch varies from

1.1 ± 0.3 mm^ in normal liver to 31.2 ± 40.1 mm^ in cirrhotic liver. However with 

this technique the relationships with anatomical structures could not be defined. 

Previous studies on clonality using X-chromosome inactivation have not taken into 

account this caveat.

Moreover, the increases and reductions of méthylation may occur in 

malignancy, some embryonic tumours such as retinoblastoma show the 

preferential loss of maternal and paternal alleles, and X-chromosome 

inactivation might be non-random in some tissues (Garcia et al. 1999). On the 

other hand, mosaicism for X chromosome inactivation in a tumour may be due 

to contamination by non-tumour cells, collision of independent tumours, 

inversion of X chromosome inactivation, simultaneous transformation of 

adjacent patch boundaries with diverse Lyonization pattern, transformation in 

the embryo prior to Lyonization or DNA transfer to bystander cells (Going et 

al. 2000). In the case of tumours of polyclonal origin, clonal evolution will 

select a dominant clone, which will prevail on the others generating a 

"pseudomonoclonality" (Garcia et al. 1999).
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1.2.6 Summary

An ordered, predictable sequence of genetic events as described in colo-rectal 

cancer has not been found in HCC, as yet. This is probably due to the complex 

metabolic functions of hepatocytes, and the action of different aetiological 

factors (Ozturk 1999; Okuda 2000). Molecular technology may unveil major 

molecular pathways of progression in hepatocarcinogenesis in the future.

Some hepatoblastomas may be linked to inherited gene mutations, but adult 

hereditary HCC appears to be rare. Large genome-wide scanning studies have 

revealed major losses of heterozygosity, and, less importantly, chromosomal 

amplifications. However only few oncogenes and tumour suppressor genes 

have been located in chromosomal regions affected by allelic loss or 

amplification. Most frequently involved genes are tumour suppressor genes 

(Laurent-Puig et al. 2001) such as p53, M6P/IGFIIr, beta-catenin, p16INK4A, 

and retinoblastoma genes (Ozturk 1999).

Different pattern of alteration of alteration of the p53 tumour suppressor gene 

are association with different risk factors. It has also been shown that the Rb/ 

p16INK4A pathway is frequently disrupted.

The discovery of the beta-catenin pathway alteration represents a major 

breakthrough (Buendia 2000). As discussed above, HCC may be divided into 

two main group, each associated with a major hepatocarcinogenic pathway, 

one associated with HBV infection, displaying a specific pattern of LOH, Axin 1 

and p53 mutation, and associated with poor prognosis; the other not 

associated with HBV infection, without specific LOH, displaying p-catenin 

mutation and associated with relatively slow tumour growth rate (Pitot 2001; 

Laurent-Puig et al. 2001; Legoix et al. 1999).

The identification of candidate oncogenes and tumour suppressors in the most 

frequently altered chromosomal regions is a major challenge. Great insights 

will come from integrating the signals from different pathways operating at 

preneoplastic and neoplastic stages (Buendia 2000).

The recent work by Yeh et al (Yeh et al. 2001), using this approach, has
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shown that different pattern of allelic alteration may occur in a sequential 

fashion during hepatocellular malignant transformation. The prospect of new 

targeted therapies underline the importance of this search.
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1.3 Liver regeneration and hepatocarcinogenesis

1.3.1 Normal liver renewal, response to liver injury and animal 
models of hepatocarcinogenesis.

Hepatocytes are mitotically "dormant" cells, quiescent (cell cycle phase GO) in 

the normal functional status of the liver. The rate of turnover of normal liver 

cells has been estimated to be 1 in 20,000 to 40,000 cells at any given time 

and it is estimated that the normal liver is replaced by normal tissue renewal 

approximately once a year (Sell 2001). Hepatocytes may re-enter the cell 

cycle and proliferate in response to loss of hepatic mass by surgical removal 

or by cell loss (Fausto 2000). In rats and mice the growth response to mass 

loss may involve more than 95% of hepatocytes, and after 70% hepatectomy 

hepatocytes divide once or twice and return to quiescence (Fausto 2000). 

However, Rhim et al (Rhim et al. 1994) calculated that syngeneic 

hepatocytes transplanted into urokinase plasminogen activator (uPA) 

transgenic mice must have divided at least 12 to 18 times to repopulate the 

liver. A serial transplantation study by Overturf et al (Overturf et al. 1997) 

showed that hepatocytes may be transplanted up to 8 times without apparent 

decrease in their proliferative capacity, as the estimated minimum number of 

doublings was 69. The mechanisms of regulation of this astonishing 

proliferative potential of hepatocytes, is yet to be clarified. The mechanisms by 

which hepatocytes escape senescence, is also not known. It is not clear 

whether the proliferating hepatocytes are pre-existing hepatocytes or derive 

from precursor cells.

As demonstrated by numerous animal models (Sell 1998; Sell 2001), and also 

recent studies on humans (Baumann et al. 1999; Crosby et al. 2001), in 

situations where hepatocytes cannot proliferate such as massive loss or 

hepatocyte inhibition, there is a reserve compartment capable of generating
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mature hepatocytes and biliary epithelial cells. In an experimental model of 

acute liver failure in which 68% partial hepatectomy was combined with 

ischemic damage to 24% of the residual liver mass, no proliferating 

hepatocytes were identified (Riordan et al. 2000).

Theise et al have recently shown that this reserve compartment may reside in 

the canals of Hering (Theise et al. 1999).

Recent allogeneic bone marrow transplantation studies on mice have shown 

that there is an extrahepatic source of progenitor cells capable of generating 

liver cells (Petersen et al. 1999; Theise et al. 2000a) and this has been 

confirmed more recently in cross gender liver transplantation studies in 

humans (Theise et al. 2000b; Alison et al. 2000; Alison et al. 2001).

In these studies livers of female patients who had received bone marrow 

transplants from male donors, and liver of male patients who had received 

orthotopic liver transplants from female donors, contained Y-chromosome 

positive hepatocytes and biliary epithelial cells implying that there are 

extrahepatic sources of liver precursors. Lagasse et al (Lagasse et al. 2000) 

recently showed that adult bone marrow cells injected intravenously in an 

animal model of tyrosinaemia type I, could transdifferentiate into hepatocytes, 

rescued the mouse and restored the biochemical function of its liver.

These observations have revolutionised previous concepts of liver cell 

turnover and regeneration in man, particularly in adult liver. The relative 

contribution of differentiated adult hepatocytes, intrahepatic progenitor cells, 

and extrahepatic progenitors, to normal cell turnover and to repair and 

regeneration need complete evaluation. The participation of putative liver 

progenitor cells has never been demonstrated in normal liver tissue renewal 

(Sell 2001)
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In animai models of liver injury, three types of cellular regenerative responses 

can be identified. In the carbon tetrachloride (CCU) model, CCI4 causes 

centrilobular necrosis at 36-48 hours after administration followed at 48 hours 

by proliferation of adjacent "mature" hepatocytes predominantly, with 

evidence supporting some activation of putative liver progenitor cells. The 

galactosamine model is similar to the CCI4 one, but shows extensive 

proliferation of periportal oval cells also (Sell 2001).

The carbon tethracloride-N-2-acetylaminofluorene (CCI4-AAF) model differs 

from the models described above, because AAF inhibits hepatocyte 

proliferation. Therefore, the regenerative response is characterised by 

proliferation of neo-ductules that expand into the liver lobule and then 

differentiate into hepatocytes.

In the allyl alcohol model, there is periportal liver cell necrosis. Reparative 

changes start at 2 days, and are characterised by a population of oval cells 

and transitional hepatocytes, with little or no involvement of ductular cells (Sell 

2001).

In summary, the current hypothesis, which summarises the recent discoveries 

in liver regeneration, (Sell 2001) is that there are 3 levels of proliferating cells 

in the liver: 1) very numerous "mature" hepatocytes; 2) a high number of 

"endogenous" original tissue-determined "bipolar" progenitor cells, 

represented in the adult organ by cells in the terminal bile ductules (canals of 

Hering), derived from the cells responsible for the embryonic development of 

the liver, with short-term proliferative activity; analogous to transit-amplifying 

cells in bone marrow, gastrointestinal tissue, skin and brain; and 3) a few 

multipotent progenitor cells in the liver derived from circulating extrahepatic 

progenitors, after formation of the organ, with long-term proliferation capacity.

Fausto (Fausto 1999) has a slightly different view regarding hepatocyte 

precursors and hepatocarcinogenesis. Taking into consideration the high 

proliferative capacity of adult hepatocytes as demonstrated in serial
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hepatocyte transplantation studies (see above), Fausto suggests that, only 

uncommonly do oval cells directly give rise to tumour cells. Instead, 

hepatocytes derived from oval cells in conditions of liver injury and inhibition 

of hepatocyte proliferation could be at a higher risk of transformation.

This may be explained by the dipin model of carcinogenesis. A single injection 

of dipin (an alkylating drug) followed by partial hepatectomy results in 

extensive oval cell proliferation and complete replacement of the injured 

hepatocytes by apparently normal cells. HCC develops in these livers after an 

interval of 10-12 months, suggesting that the drug causes alkylating injury to 

the oval cells, which generate genetically damaged hepatocytes which, in 

turn, are the cell of origin of tumours (Fausto 1999).

1.3.2 Hepatic progenitor ceiis and hepatocarcinogenesis in human 
iiver.

Some studies on human tumours have identified features that would 

confirmed that hepatic progenitors play a role in hepatocarcinogenesis.

The hypothesis that hepatoblastoma may be related to hepatic 

progenitor/stem cells has been argued by Altmann et al (Altmann 1992).

Lowes et al (Lowes et al. 1999) tackled the question from the general point of 

view of cirrhosis and risk factors for hepatocellular carcinoma. Starting from 

the consideration that the risk of developing hepatocellular carcinoma is 

significantly increased in patients with genetic hemochromatosis, alcoholic 

liver disease, or chronic hepatitis C infection, Lowes et al investigated by 

immunohistochemistry whether oval cells could be detected in the liver of 

patients with these diseases, and whether there was a relationship between 

the severity of the liver disease and the number of oval cells present. Using 

normal liver as control, oval cell numbers increased significantly with the
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increasing disease severity in each disease type. The authors concluded 

"there is an association between severity of liver disease and increase in the 

number of oval cells consistent with the hypothesis that oval cell proliferation 

is associated with increased risk for development of hepatocellular carcinoma 

in chronic liver disease".

Libbrecht et al (Libbrecht et al. 2000) investigated the possible correlation 

between dysplastic foci as defined by the International Working Party 

(Anonymous et al. 1995) and hepatic progenitor cells in cirrhotic livers 

removed at transplantation. The authors, using immunohistochemical markers 

of hepatic progenitor cells including cytokeratin 7, chromogranin-A and OV-6, 

showed that half of oncocytic and glycogen storing foci contained "progenitor 

cells" and more than half of the foci with features of small cell dysplasia 

showed a phenotype of "progenitor cells" and intermediate hepatocytes. 

Therefore, if putative hepatic progenitor cells can give rise to dysplastic foci, 

they may play a possible role in carcinogenesis.

Other authors have focused their attention on those situations in which mixed 

phenotypes of hepatocellular and cholangiocellular differentiation are evident 

in tumours on histological examination.

Haratake et al (Haratake et al. 1995) analysed thirteen cases of combined 

hepatocellular and cholangiocellular carcinoma, in which tumour cells 

containing both bile and mucus were present. The authors hypothesized that 

some cases of combined hepatocellular and cholangiocarcinoma may 

represent separate tumours, while others may derive from hepatic 

progenitors.

Shiota et al (Shiota et al. 2001) studied 6 cases of cholangiolocarcinoma 

arising in chronically diseased livers. The tumour cells proliferated in an 

anastomosing pattern reminiscent of Hering's canal-like small glands with an 

abundant fibrous stroma. Two tumours contained also HCC-like areas. They
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concluded that cholangiolocarcinoma has clinical features resembling HCC 

but morphologic features resembling cholangiocarcinoma and that it might be 

derived from Hering's canal or progenitor cells with intermediate features 

between hepatocytes and bile duct epithelium.

Wu et al (Wu et al. 1996) analysed HCC with a conventional morphological 

pattern, using immunohistochemical evidence of hepatocellular and biliary 

differentiation. The authors showed that a third of HCC expressing Hep Par 1 

as a marker of hepatocellular differentiation also expressed biliary markers 

(cytokeratins 19 and AE1/AE3). These HCC with dual differentiation were also 

found to be more aggressive, being associated with poorer differentiation, 

higher cell proliferation and poorer patient survival. The same authors (Wu et 

al. 1999b) showed in a subsequent study that there was a strong correlation 

between expression of biliary markers (cytokeratins 19 and AE1/AE3) and 

cytokeratin 14 (a marker of bipotential progenitor cells in the liver) in these 

"dual phenotype" HCC suggesting that these tumours may either be derived 

from progenitor liver cells or regressed to the bipotential progenitor cell 

phenotype during carcinogenesis and propose a model of the development of 

HCC from different phases of cellular differentiation (Figure 1.3.1).
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Figure 1.3.1 Proposed model of the development of HCC from different 
phases of cellular differentiation 
Modified from Wu PC et ai 1999b
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1.3.3 Transgenic animal models.

The use of transgenic animals has revolutionised the approach to molecular 

carcinogenesis. A gene of interest (transgene) is microinjected into the 

pronucleus of a fertilized egg and the embryo is transferred into the oviduct of 

a foster mother. All cells of the individual and its progeny carry that gene, 

which is inherited in a Mendelian fashion. By this technique it is possible to 

delete specific genes, alter the expression of a gene, insert it in an ectopic 

location, insert mutated genes or additional copies of normal genes and finally 

analyse the consequences. Transgenic models have been used to study the 

role of specific genes in carcinogenesis (Tennant et al. 1996) and several 

transgenic mouse models of hepatocarcinogenesis have been developed 

(Bannash 1994). Examples include the investigation of the mechanism of 

insertional activation (i.e. activation of an oncogene by adjacent viral insertion) 

in HBV carcinogenesis, and the study of HGF and TGF-a. The transgenes are 

expressed in the liver under the control of liver-specific promoters such as 

albumin, metallothionein, major urinary protein and alpha-1 antitrypsin. The 

limitation of these studies is that alterations of a single dominant oncogene 

occurs with variable frequency, does not appear to be an obligatory event in 

liver carcinogenic process and may act in synergism with other genes.

Transgenic models have been used to investigate the role of liver injury in the 

mechanism of hepatocarcinogenesis (Fausto 1999). The transgene in these 

models seems to act indirectly, the primary action being liver damage 

stimulating liver cell proliferation, which facilitates tumour development.

For example, the majority of newborn mice overexpressing uPA die. In a small 

percentage that survives, damaged hepatocytes are replaced by normal 

replicating hepatocytes, which have lost the transgene by genetic 

recombination and reconstitute the whole liver. However, HCC occurs after 1
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year. The mechanism in this case is unknown but probably consists of 

hepatocyte proliferation at a high rate immediately and lower rate 

subsequently) amplifying genetic abnormalities related to genetic 

recombination and possibly further genetic damage which may explain the 

late occurrence of these tumours.

Mdr2 knockout mice are characterised by impaired transport of 

phosphatidylcholine into the bile, develop portal inflammation, secondary 

hepatocyte injury, ductular proliferation, neoplastic nodules and HCC between 

6 and 18 months of age. It is possible that hepatocytes, probably derived from 

progenitor/stem cells, proliferate in an altered environment, which facilitates 

their transformation.

Other transgenic models (e.g. c-Ha-ras, c-myc, SV40T-antigen, WHV as well 

as double transgenics SV40T/c-myc, SV40T/c-Ha-ras, SV40T/TGF-alpha) 

have shown that tumours may develop after long latency without preceding 

liver damage.
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1.4 Natural history

1.4.1 General considerations

Investigation of the natural history of HCC in cirrhotic patients is important in 

order to understand the biological characteristics of this tumour, identify 

factors predictive of its behaviour, and evaluate different modalities of 

treatment. Not many such studies are available in the literature, due to rarity 

of situations in which it is possible to study the evolution of these lesions in 

the absence of clinical intervention. Randomised controlled studies 

investigating the impact on survival of different modalities of treatment (i.e. 

surgical resection, liver transplantation or local destruction such as ethanol 

injection) are not feasible in subject diagnosed at an early stage (Llovet et al. 

1999b). In the few studies on the natural history of HCC (Kondo et al. 1990; 

Lencioni et al. 1994; Takayama et al. 1990; Rapaccini et al. 1990; Terasaki 

et al. 1998; Barbara et al. 1992; Cottone et al. 1989; Ebara et al. 1986; 

Sheu et al. 1985; Okazaki et al. 1989) patients did not receive treatment for 

various reasons including advanced age, delay in diagnosis, refusal of 

treatment, high operative risk, or awaiting liver transplantation.

The natural history of HCC can be inferred from follow-up studies of cirrhotic 

patients at risk for development of HCC, cirrhotic patients with non-treated 

putative precursor nodular lesions detected during clinical surveillance, and 

patients with clinical diagnosis of overt HCC not treated for the reasons 

described above.

70



1.4.2 Cirrhosis and HCC.

As cirrhosis is a well-known risk factor for developing HCC, these patients are 

usually monitored with imaging and/or serology in order to try to detect HCC 

at an early, potentially curable stage. In some cases, HCC is first detected 

when it becomes symptomatic, as a worsening of general health of a patient 

with cirrhosis or as a right-upper quadrant mass and related symptoms

Colombo et al (Colombo et al. 1991) monitored for 5 years 447 Italian 

patients with Child-Pugh A-B cirrhosis at baseline (which was of viral origin in 

62 percent of them). Hepatocellular carcinoma was found in 30 patients (7 %) 

at baseline (multifocal in 5 patients). Twenty-nine patients (7 % of 417 

patients free of tumour at base line) developed HCC during follow-up periods 

averaging 33 months (range, 1 to 48). Eleven (42%) of these patients 

developed multifocal disease.

1.4.3 HCC and putative precursor nodular lesions.

In cirrhotic patients a proportion of HCC develops from putative precursor 

nodular lesions which have been variably termed (e.g. adenomatous 

hyperplasia, borderline nodules, dysplastic nodules etc (Kojiro et al. 1999; 

Ferrell et al. 1993; Anonymous et al. 1995). The relationships between these 

nodules and HCC has been inferred by the observations that these nodules 

are found in the cirrhotic liver adjacent to HCC, and that overt malignant areas 

of HCC are found in some of these nodules. The evolution of these lesions 

into HCC has been investigated in a few clinico-pathological studies.

Kaji et al (Kaji et al. 1994) followed-up 24 cirrhotic patients in whom small 

nodular lesions (range 6-30 mm, median 13, average 13.8 mm) detected by 

imaging were resected, and diagnosed histologically as adenomatous 

hyperplasia. These lesions where further classified into ordinary type in 10
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patients (corresponding to macroregenerative nodules (Ferrell et al. 1993)), 

atypical in 11 patients (corresponding to borderline nodules (Ferrell et al. 

1993)) and with focal malignancy in 3 patients (containing areas of overt 

HCC). All 3 patients with adenomatous hyperplasia containing HCC and 4 

patients (36%) with atypical AH developed HCC during follow-up after 

resection. None of the patients with ordinary adenomatous hyperplasia 

developed HCC in a follow-up period of 35 months.

Six of the seven HCC detected at follow-up were from 4 male patients (3 

HCV, 2 alcohol related and 1 cryptogenic liver diseases, age range 52-66 

years) and showed a size similar to the previously resected nodules (size 

range 10-20mm, median 14.5, follow-up range 14-27, median 20.5 months). 

One nodule (62 years HBV positive male) showed markedly different 

characteristics in terms of growth rate (this nodule was detected at 12 months 

after resection, and was 39 mm diameter).

A few studies have investigated the natural progression of these putative 

precursor nodular lesions (Kondo et al. 1990; Lencioni et al. 1994; 

Takayama et al. 1990; Rapaccini et al. 1990; Terasaki et al. 1998).

In all these studies, these putative precursor of HCC were classified into 

macroregenerative or dysplastic nodules (I have translated the definitions 

given in the original papers into the nomenclature proposed by the 

International Working Party (Anonymous et al. 1995)) by imaging and liver 

biopsy. Liver biopsy was repeated during follow-up, for example if imaging 

showed increase in size or changes in imaging appearance, or there was 

increase in AFP serum levels. Malignant transformation was identified by 

either liver biopsy or after resection. A summary of the findings in these 

studies is given in table 1.4.1.
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Table 1.4.1. Malignant transformation of putative precursor nodular lesions
in cirrhotic livers.

Study Number of 
nodules

Size
(mm)

Transformation
rate

Follow-up
(months)

Takayama et al. 1990 18 10 
(S.D. 4)

50% 6-50

Kondo et al. 1990 17 Median 11 
(range 8-16)

0%* 13-51

Lencioni et al. 1994 19 Mean, 19.4 
(range 8-52 )

68.4% 8-31

Rapaccini et al. 1990 12 Mean 33.7 
(range 17-52)

83% 3-22

Terasaki et al. 1998 34 Median 10 
(range 5-20 )

14.7% 6-15

* None of these nodules enlarged, four became undetectable during follow-up. 
Four patients developed HCC in different areas.



Terasaki et al (Terasaki et al. 1998) analysed also the value of the 

histological features identified in these nodules in predicting malignant 

transformation. Univariate analysis demonstrated that a few morphological 

features (i.e. ratio of nuclear density, small cell dysplasia, clear cell change 

and fatty change in the initial biopsy) could predict the development of HCC. 

Increased ratio of nuclear density and clear cell change were independent 

prognostic factors of HCC, on multivariate analysis (Table 1.4.2).

The transformation rate varied among these studies. This could be due to 

different reasons including different biological characteristics of the tumour 

due to geographical variation, or different histological criteria for the 

assessment of these lesions. Most importantly, these studies may have been 

simply flawed by sampling error affecting the histological evaluation. Perhaps 

some of these nodules were in fact HCC from the beginning (as suggested by 

the relative large size of some of them, see table 1.4.2).

Bhattacharya et al (Bhattacharya et al. 1995), using data available from the 

literature, have attempted to depict the probable time of development of HCC 

in cirrhotic patients as well as the associated changes in size and 

morphological features. (Table 1.4.3).

1.4.4 Natural history of untreated, overt HCC.

The growth rate of overt HCC varies greatly (Sherlock et al. 1997). The 

natural history of untreated overt HCC has been shown in a few studies 

(Barbara et al. 1992; Cottone et al. 1989; Ebara et al. 1986; Sheu et al. 

1985). A summary of the findings in these studies is given in table 1.4.4.
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Table 1.4.2 Univariate analysis of prognostic histological features 

predictive of malignant transformation of hepatocellular nodules 

(Modified from Terasaki et al. 1998).

Feature p value

Ratio of nuclear density (>1.5) <0.0005 (also independent prognostic factor with 

multivariate analysis)

Clear cell change <0.005 also independent prognostic factor with 

multivariate analysis)

Small cell dysplasia <0.005

Fatty change <0.05

Alteration of staining Non significant

Large cell dysplasia Non significant

Microacinar formation Non significant

Nuclear deviation toward the sinusoids Non significant

Reduction of reticulin fiber Non significant
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Table 1.4.3 Size, chronology and vascular features of hepatocellular
carcinoma in cirrhosis
(from Bhattacharya etal. 1995)

Size Time to develop 
(probably 10 years overall)

Features

< 10 mm 3 years Morphologically unrecognisable 
Neoplastic transformation and clonal 
expansion in cirrhotic nodule or de novo

10 mm Macroregenerative nodule (MRN) 
Marginal capillarization

5 years Cancer risk increased, but no discernable
Possibly dormant state until active vascular alteration from regenerative

angiogenesis is established in nodule
15 mm competition with other lesions Small cell dysplasia (in MRN)

Central capillarization of minute foci of 
atypia/HCC
Rim of uncapillarized tumour remains 
initially

20 mm Well differentiated, trabecular HCC 
Diffuse capillarization 
Increasing hepatic arterial/portal venous 
ratio, morphometrically Lipiodol retention

30 mm 1 year "Small" HCC
Increasing tumour pleomorphism and 
dedifferentiation 
Abnormal solitary arterioles 
Abnormal arteries 
Progressive artérialisation 
Radiological hypervascularity

50 mm 76-12 months "Large" HCC 
Vascular invasion 
CD44 expression
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Table 1.4.4. Natural history of untreated HCC In cirrhotic patients.

Study No of 
patients

No of 
nodules

Size at beginning Final size in 
cm

Foiiow-up Doubling time Survival

Barbara etal. 1992 39 59 s 5 cm, and less 
than 3 nodules

Not given 90-962days
(mean±S.D.=364±229)

27-605 days
(mean±S.D.=204.2 ± 125)

1year= 81%, 
2years= 56%, 
3years= 21%

Cottoneetal. 1989 25 30 < 3 cm (17nodules); 
3-5 cm (lOnodules); 
>5cm (3 nodules);

<3(11*);
3-5(13*);

>5(6*);
diffuse(2)

1-32 months 
(mean=17.3)

Not given 1year= 96%, 
2years= 50% 
HCC <3 cm 
1year= 100%, 
2years= 44%

Ebara et al. 1986 22 27 1-3 cm
(average 1.94±0.59)

<3(1)**
<5(3)
massive(S)

6-37 months 6.5 ± 5.7 months 1year= 90.7%, 
2years= 55%, 
3years= 12.8%

Sheu et al. 1985 28 31 1.1-4.1 cm 
(mean 2.3)

1.2-8.7 cm 
(mean 3.9)

36-860 days 
(median=186)

29-398 days 
(median=117)

Not applicable

‘Number of lesions; ** Final size given for patients who died during follow-up



In all these studies the growth rate of these tumours, as defined by size 

doubling time (DT) assessed by imaging was very variable (table 1.4.5).

Barbara L et al (Barbara et al. 1992) identified by stepwise discriminant 

analysis, some independent variables such as albumin, alcohol intake, 

number of nodules and histological type (trabecular type and Edmondson 

grade l-ll) capable of identifying cases with long (>300 days) DT, but these 

variables where effective in 66 % only of tumours with short (<150 days) and 

average (151 to 300 days) DT.

Initial tumour size correlated with DT (i.e. the larger initial tumour size, the 

longer the doubling time) in the study by Sheu et al (Sheu et al. 1985) but not 

in the study by Barbara et al (Barbara et al. 1992). The prognosis was dismal 

in these studies (12-12% of patients at 3 years, see table 1.4.4).

In conclusion, studies on the natural history of HCC show that the growth 

pattern of tumours is variable within and among geographical areas limiting 

the application of the results of clinical studies on HCC to different 

geographical areas (Cottone et al. 1989). The prediction of the growth rate is 

almost impossible at the time of diagnosis (Barbara et al. 1992). The 

evolution of putative precursor nodular lesions into HCC is difficult to assess 

due to the limitation in the diagnostic assessment of these lesions, ethical 

questions in designing possible prospective studies, variation of diagnostic 

criteria among different countries, and the limitations of sampling error in the 

few studies available.

A better understanding of the pathogenetic mechanisms of HCC may help in 

the understanding of the natural history of this disease.

78



Table 1.4.5 Patterns of growth of HCC in different series (see aiso tabie 1.4.4).

Study No
growth*

No Initial or 
very slow 
growth *

Initial growth* Initial no-growth 
and late size 
increase*

Constant
growth*

Sudden
enlargement*

Barbara etal. 1992 37%

subsequent 
steady period

subsequently
declining

33.4 % 29.6%

Cottoneetal. 1989 36% 20% 44%

Ebara etal. 1986 4.5% 9% 63.6 % 22.7%

Sheu etal. 1985 5% 41% 53%

*% of cases studied



1.5 Diagnosis of HCC in cirrhotic patients

1.5.1 General considerations.

Surgical resection, liver transplantation and percutaneous techniques achieve 

a relatively high rate of complete response (CR), i.e. complete disappearance 

of all known disease and no new lesions determined by two observations not 

less than 4 week apart, in properly selected candidates, prolonging the 

survival of patients wifh HCC detected at relative early stage (Bruix et al. 

2001). HCC at "early" stage is usually defined as presence of a single tumour 

< 5 cm or less than three tumours (each < 3 cm) (Llovet et al. 1998; Bismuth 

etal. 1999; Mazzaferro et al. 1996).

There are controversies regarding the cost-effectiveness of surveillance 

programs (Llovet et al. 1999a; Sherman 1999). Those cirrhotic patients (e.g. 

Child Pugh's class A) who can be effectively treated if HCC is diagnosed at a 

relative early stage, should undergo surveillance (Collier et al. 1998; Bruix et 

al. 2001).

The recent EASL guidelines on clinical management of HCC (Bruix et al. 

2001) suggest that, with the aim of detecting tumours below 3 cm diameter, 

the interval for surveillance in cirrhotic patients should be 6 months, in view of 

the available data on tumour growth. The surveillance tools suggested are 

AFP concentration and ultrasonography (US).

1.5.2 Tumour markers.

The use of AFP arose when some HCC were found to secrete massive 

amounts (up to 1 mg/ml serum concentration) of AFP in the era before CT 

scanning and ultrasonography. The advent of more sophisticated and less 

invasive abdominal imaging techniques has cast doubt on the value of AFP as 

a screening method. Tumours identified by imaging often do not secrete
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detectable levels of AFP, and small or diffusely infiltrating tumours 

undetectable by imaging may secrete detectable levels of AFP (Sherman 

2001). In chronic liver disease patients AFP monitoring misses many HCC 

and inappropriately arouses suspicion of malignancy in many patients 

(Trevisani et al. 2001). The fucosylated fraction of AFP may be a more useful 

marker then total AFP. AFP molecules from HCC patients show altered 

fucosylation of the sugar chain and also have high affinity for lectin and 

erythroagglutinating phytohemagglutinin. Therefore, AFP fractions may be 

more useful markers than total AFP, particularly in terms of specificity 

(Trevisani et al. 2001; Sherlock et al. 1997).

Des-y-carboxyprothrombin (DCP) or protein induced by vitamin K absence or 

antagonist II (PIVKA-II) is a vitamin K dependent prothrombin synthesised by 

normal hepatocytes and HCC and has been used as adjuvant tumour marker 

for AFP negative cases (Okuda 2000).

A combination of total AFP, PIVKA-II and fucosylated AFP may improve early 

detection/diagnosis of HCC in the future (Okuda 2000), but at present the 

value of AFP fractions and of PIVKA-II has not been established 

unequivocally (Bruix et al. 2001).

The EASL guidelines (table 1.5.1) suggest two roles for AFP during 

surveillance of cirrhotic patients: 1) as supportive of a diagnosis of HCC in 

combination with imaging, when a nodule above 2 cm diameter is identified; 

2) in a patient with no evident distinct nodules by US, an increased level (AFP 

levels to be defined) of AFP should prompt a triple phase CT scan to role out 

an HCC missed by US and also provide a baseline to compare with 

subsequent imaging (Bruix et al. 2001). Serial AFP values are also useful in 

assessing therapy (Sherlock et al. 1997).
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Table 1.5.1 Diagnostic criteria for HCC
(Bruix et al. 2001)

Cyto-histological criteria 

or

Non-invasive criteria (restricted to cirrhotic patients)

1. Radiological criteria: two coincident imaging techniques®
Focal lesion > 2 cm with arterial hypervascularization

2. Combined criteria: one imaging technique associated with AFP 
Focal lesion >2 cm with arterial hypervascularization
AFP levels >400 ng____________________________________

®Four techniques considered: US, spiral CT, MRI, and angiography

82



1.5.3 Imaging.

Surveillance of cirrhotic patients should be carried out using US, despite the 

low positive predictive value and issues regarding the level of expertise of the 

operator involved (Bruix et al. 2001).

The current task for the radiologist is to differentiate a benign regenerative 

nodule, a dysplastic nodule and a dysplastic nodule containing a HCC (Okuda 

2000). Newer US techniques seem promising in this regard.

US-angiography has been developed to solve the problem of detecting small, 

early stage HCC which is known to be hypovascular and not always 

demonstrable by conventional angiography (Kudo 1999). CO2 microbubbles 

are injected in the hepatic artery and US performed. This technique is able to 

detect a nodule-in-nodule pattern (Okuda 2000).

Colour and power Doppler imaging has the advantage of being non-invasive 

and evaluate the arterial and portal blood supply of nodular lesions. Constant 

wave form signals indicative of portal flow and pulsatile waveform signals 

indicative of arterial flow may be used to differentiate dysplastic nodule from 

HCC, respectively (Kudo 1999; Okuda 2000).

Computed tomography (CT) is too expensive and invasive to be used as 

surveillance tool, but should be the method of choice for tumour staging. 

Dynamic magnetic resonance imaging (MRI) may substitute CT scanning 

(Bruix et al. 2001). Iodized oil enhanced CT is based on the principle that 

lipiodol introduced into the hepatic artery is cleared from non-cancerous tissue 

but remains in the tumour, but has several drawbacks including false-negative 

results (Bhattacharya et al. 1997).

Nuclear medicine imaging techniques have inherent limitations such as low 

resolution capability but represent a unique approach to the demonstration of 

tumours through the demonstration of their function (Kudo 1999).
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1.5.4 Tissue diagnosis

Tissue diagnosis in the surveillance of cirrhotic patients seems to have a 

limited role. The EASL panel (Bruix et al. 2001) propose a surveillance and 

recall strategy for HCC, which can be summarized as follows: tumours less 

than 1 cm diameter should be followed-up; tumours up to 2 cm diameter 

should be biopsied; tumours above 2 cm can be diagnosed as HCC 

confidently by imaging alone or in combination with AFP serology (Table 

1.5.1). The inadequacy of histo/cytopathology for this proposed purpose is 

discussed in section 1.6.2.

1.5.5 HCC staging systems

The prognosis of cirrhotic patients with HCC depends on tumour-related 

factors, patient factors including the severity of any underlying liver 

dysfunction, and the general health of the patient (Ebara et al. 1986; Johnson 

et al. 2000), as well as the specific intervention (Bruix et al. 2001). Several 

studies have developed models that combine these variables (e.g. the 

Barcelona classification (Llovet et al. 1999a), the classification proposed by 

the cancer of the liver Italian program (CLIP) (Anonymous. 1998), and the 

classification proposed by Chevret et al (Chevret et al. 1999) (Tables 1.5.2 to 

1.5.4).

The Okuda classification (Okuda K 1985) (table 1.5.5) includes parameters 

reflecting both liver functional and tumour status derived from the analysis of a 

large historical series of patients who were diagnosed at a late stage. Survival 

was lower than is usual currently and the data therefore are no longer 

applicable (Llovet et al. 1999a).
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Table 1.5.2 The Barcelona Clinic Liver Cancer (BCLC) staging 
ciassification
(Llovet etal. 1999).

Stage Parameters
stage A

Stage A l 
Stage A2 
Stage A3 
Stage A4

Stage B
(intermediate HCC)

Stage C
(advanced HCC)

Stage D
(end-stage HCC)

early HCC
any uninodular, Okuda I, No portal hypertension, bilirubin < 3 g/dl 
any uninodular, Okuda I, Portal hypertension, bilirubin < 3 g/dl 
any uninodular, Okuda I, Portal hypertension, bilirubin > 3 g/dl 
3 tumours < 3 cm diameter, Okuda I, Portal hypertension, bilirubin > g/dl

large multinodular, Okuda I or II, Child-Pugh A or B

PST 1 or 2, or vascular invasion, or extrahepatic spread, Okuda I or II, Child- 
Pugh A or 8

PST 3 or 4, or Okuda III, or Child-Pugh C

Tabie 1.5.3 Cancer of the liver Italian Program (CLIP) score
(Anonymous. 1998).

Variables
Child Pugh Stage

Tumor morphology

0
A

Uninodular & 
extension <50%

Scores
1
B

Multinodular & 
extension < 50%

2
0

Massive or 
extension > 50%

AFP (ng/dl)

Portal vein thrombosis

<400

No

>400

yes
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Table 1.5.4 French prognostic classification for HCC (Chevret score )
(Chevret et al. 1999).

Component Score#*
Bilirubin: 0.7344 if bilirubin level > 50pmol/l, 0 if othenwise;

Alkaline phosphatase 0.4767 if alkaline phosphatase > 2N
(i.e. at least twice the upper limit of normal range), 0 if othenwise;

Karnofsky index 0.7661 if Karnofsky index >80), 0 if othenwise;

Portal obstruction 0.2870 if portal obstruction present, 0 if othenvise

#(Formu!a calculated using a cox model S(t) = So(t)®’̂ ^^^

*The final score identifies the following three categories:
•  Low risk group if score = 0
• Intermediate risk group = 0 < score < 1.48816
• High-risk group = score > 1 48816

Table 1.5.5 Okuda classification for HCC
(Okuda K 1985).

Parameters_________________ Stages
Tumour size > 50% 1 point Stage 1 0 points
of liver
Ascites 1 point Stage II 1-2 points
Albumin< 30 g/l 1 point Stage III 3-4 points
Bilirubin> 30 mmol/l 1 point
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Uni-dimensional systems such as Child-Pugh, Karnofsky, Performance Status 

(PST), TNM (T for primary tumour, N for regional lymph node, and M for 

Metastasis) (Anonymous. 1997b), and Kanai (Kanai et al. 1987) are 

inaccurate (Johnson et al. 2000; Bruix et al. 2001).

The UlCC (Union Internationale Contre Cancer) TNM staging system (Table 

1.5.6) has also the limitation of considering early HCC as advanced tumours. 

For example, TNM stage IV includes patients with two early synchronic small 

tumours located in both lobes and patients with advanced tumours invading 

the major portal branch (Llovet et al. 1999a; Llovet et al. 1998).

Although the multidimensional prognostic models overcome some of the 

limitations of the older systems, the existing prognostic models are not precise 

enough for various reasons, in particular regarding the variables included: 1) 

the variables included are epiphenomena and not central to the fundamental 

biochemical or molecular causes and effects of the disease; 2) they are 

recorded at the time of diagnosis only; 3) may interact in a complex pattern 

(Bruix etal. 2001).
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Table 1.5.6. TNM classification for HCC
(Anonymous. 1997).

Primary
tum our
(T)

Number o f 
lesion(s)

Size
(cm)

Location Vascular invasion

TX Primary tumour cannot be assessed
T1 Solitary <2cm 0

T2 Solitary <2cm +
Multiple <2cm Unilobular 0
Solitary >2cm 0

T3 Solitary >2cm +
Multiple <2cm Unilobular +
Multiple >2cm Unilobular 0,+

T4 Multiple Multilobular
Solitary or multiple any Major branch of portal

or hepatic vein

Lymph node (N)

NX= Regional lymph nodes cannot be assessed 
N0= No regional lymph nodes metastasis 
N1= Regional lymph node metastasis

Distant metastasis (M)

MX= Presence of distant metastasis cannot be assessed 
M0= No distant metastasis 
M1= Distant metastasis

The categories resulting from the combination 
of the above designations are condensed into 
a number of TNM stage groupings, as follows:

Stage
groupings

T N M

1 T1 NO MO
II T2 NO MO
III T1 N1 MO

T2 N1 MO
T3 NO MO
T3 N1 MO

IVA T4 Any N MO
IVB Any T Any N M l
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1.6. Histopathological assessment of HCC

1.6.1 General considerations.

HCC is usually assessed histologically in the context of the three clinical 

scenarios. One is the cirrhotic liver, either during clinical surveillance of cirrhotic 

patients or at examination of cirrhotic livers removed at transplantation. The 

second scenario is the histological diagnosis of nodular lesions in the context of 

non-cirrhotic liver (e.g. differential diagnosis with other primary lesions, or with 

metastatic tumours). The third scenario is the evaluation of extra-hepatic 

tumours, suspected to be of primary hepatic origin. In the following paragraphs, I 

have reviewed the difficulties regarding the histopathological assessment of 

HCC in cirrhotic patients because this is by far the most common situation, as 

discussed in section 1.1.3 (see also table 1.1.1), and because this context is that 

which is relevant to this thesis.

1.6.2 Histopathological assessment of HCC in cirrhotic livers. 

Cirrhotic liver as the background of HCC

Some investigators have identified changes in the cirrhotic tissue present 

before the development of a clinically evident lesion. Apart from contributing 

to our understanding of the evolution of HCC, this approach may provide a 

method for identifying and quantifying histological risk factors for the 

development of HCC in the cirrhotic population, so that high-risk patients can 

be monitored carefully before tumour development and preventive measures 

can be taken (Shibata et al. 1998). Notwithstanding the new hypotheses on 

the hepatic precursor/stem cell role in HCC development (see section 1.3.2), 

in different species phenotypic changes in the hepatocytes emerge long 

before benign or malignant lesions become manifest (Bannash 1994). These 

changes affect hepatocytes integrated into the background parenchyma and
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showing a specific sequence of cytoplasmic changes beginning with 

acidophilia, tigroid and clear cell changes and progressing to basophilia. Clear 

cell changes in particular have been associated with excessive storage of 

glycogen due to abnormal glycogen breakdown. There is evidence suggesting 

a relationship between glucose metabolism and tumour development, which 

would be consistent with the observation of alterations of insulin-like growth 

factor II (Bannash 1994).

Liver cell dysplasia is the term originally introduced by Anthony et al in 1973 

(Anthony et al. 1973) to describe cytologically atypical hepatocytes 

considered to represent a premalignant change. Other workers have 

contested this observation and view liver cell dysplasia (as originally 

described) as a regenerative or degenerative process. Watanabe et al 

(Watanabe et al. 1983) divided liver cell dysplasia into large and small cell 

type, the former corresponding to that described by Anthony et al (Anthony et 

al. 1973), and the latter consisting of nuclear enlargement and 

hypochromasia in smaller than normal hepatocytes. The preneoplastic nature 

of liver cell dysplasia is still uncertain and it has been proposed that the non

committal terms of large and small cell change should be used (Lee et al. 

1997; Anonymous et al. 1995; Lefkowitch 2000).

Severe irregular regeneration of hepatocytes (defined as the histological 

identification of hepatocyte pleiomorphism, anisocytosis, bulging and map-like 

distribution of hepatocytes) has been found to be a risk factor for HCC in a 

prospective cohort of patients with HCV-associated chronic hepatitis or 

cirrhosis (Shibata et al. 1998). "Iron-free foci in livers of patients with genetic 

hemochromatosis have been proposed as indicators of pre-malignancy 

(Deugnier et al. 1993).

The continuous proliferative status of hepatocytes in the cirrhotic liver is 

considered a facilitating factor for the development of HCC (Farber 1991). 

Therefore, some authors have focused their attention on the possible use of 

proliferation markers to identify patients at risk for HCC. Borzio et al (Borzio et 

al. 1998) showed that the hepatocyte proliferation rate assessed by
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expression of silver-stained nuclear organizer regions (AgNOR) was strongly 

predictive of hepatocellular carcinoma development in the cirrhotic liver. A 

case-control study by Dutta et al (Dutta et al. 1998) showed a non-statistically 

significant increase of hepatocyte Ki-67 immunostaining in livers of cirrhotic 

patients, who developed HCC more than 2 years after the biopsy had been 

taken. Interestingly, hepatocytes showing "dysplastic "changes did not show 

concomitant Ki-67 immunostaining. Liver cell proliferative status as assessed 

by immunostaining for proliferating cell nuclear antigen (PCNA) on cirrhotic 

tissue seems to predict the development of HCC in compensated cirrhotic 

patients (Donato et al. 2001).

Molecular technology has not been fully exploited to investigate this question 

(Chen et al. 1999). Some studies on microsatellite instability and loss of 

heterozygosity in HCC have assessed non neoplastic cirrhotic liver, (most of 

them concomitantly to the analysis of overt HCC) and found evidence of loss 

of heterozygosity (Kawai et al. 2000; Tsopanomichalou et al. 1999; Roncalli 

et al. 2000), DMA hypermethylation (Kondo et al. 2000), microsatellite 

instability (Salvucci et al. 1996). Whether this approach can be used in 

clinical practice to identify patients at risk for the development of HCC is not 

clear, as yet.

HCC and putative precursor nodular lesions

Nodular lesions different from regenerative nodules and without features of 

overt HCC are often found during follow-up of cirrhotic patients at risk of HCC, 

or in livers removed at transplantation from patients with chronic liver disease. 

These lesions are usually between 0.5 and 2 cm diameter (Anonymous et al. 

1995; Bhattacharya et al. 1995; Furuya et al. 1988), and have been variably 

termed in the past (e.g. macroregenerative nodules type I and II, 

adenomatous hyperplasia, borderline nodules, table 1.6.1).
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Table 1.6 .1 Terminology of hepatocellular nodules in cirrhotic liver 
(From Ferrell et al. 1993, modified)

Authors Nodular lesions

Edmondson et al. 1954 
Craig etal. 1989

Adenomatous
hyperplasia

Paraplasia: some 
grade 1 HCCs

Grade 1 and 2 
HCCs

Furuya etal. 1988 Type 1
macroregenerative
nodules

Type II
macroregenerative
nodule

HCC, well 
differentiated

Eguchietal. 1992 Large regenerative 
nodule

Adenomatous 
hyperplasia and 
atypical 
adenomatous 
hyperplasia

HCC, well 
differentiated

Ferrell etal. 1993 Regenerative or
Macroregenerative
Nodule

Borderline nodule HCC

Anonymous et al. 1995 Multiacinar 
regenerative nodule 
or large regenerative 
nodule or 
macroregenerative 
nodules

Dysplastic focus, 
Dysplastic nodule 
low grade, dysplastic 
nodule high grade

HCC
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The premalignant nature of some of these lesions in humans has been 

inferred from: 1) the observations on explant cirrhotic livers that some of these 

nodules are found in the vicinity of overt HCC, and that overt malignant areas 

of HCC are found in some of these nodules; 2) from clinico-pathological 

follow-up studies such as the one by Terasaki et al (Terasaki et al. 1998), as 

discussed above (see section 1.4.3).

The histological assessment of these lesions may be part of the management 

of cirrhotic patients. The EASL panel on HCC, advise liver biopsy (taking into 

account the risk of tumour seeding (Cedrone et al. 1992; Louha et al. 1999; 

Navarro et al. 1998; Yamada et al. 1993) ) for nodules between 1 and 2 cm 

diameter, as imaging alone or in combination with AFP evaluation is not 

sufficiently accurate in diagnosing HCC at this stage (Bruix et al. 2001), but it 

is precisely in this situation that the histological assessment is problematic. A 

minority of small HCC may be high grade, and the diagnosis will not be 

difficult (except that a small high grade tumour raises the possibility that it is a 

metastasis). However most HCC of this size will be well differentiated and 

difficult to recognize. In other words, "our histopathological morphological 

criteria therefore, are most inadequate precisely when they are most needed" 

(Quaglia et al. 2001).

This inadequacy reflects into the discordance among liver pathologists when 

diagnoses are compared and the fact that non-liver pathologists have a "a low 

confidence level "in diagnosing these nodular lesions" (Ferrell et al. 1993). 

The consensus document published in 1995 by the International Working 

Party (Anonymous et al. 1995) classifies hepatocellular nodules into two main 

categories: regenerative lesions and dysplastic or neoplastic lesion. In the 

context of cirrhosis, multiacinar regenerative nodules (large regenerative 

nodules or macroregenerative nodule when distinctly larger than most 

regenerative nodules of the same liver) are included in the regenerative 

category along with regenerative nodules. The second category includes
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dysplastic nodules and HCC. As stated in the consensus document 

(Anonymous et al. 1995), separation of large regenerative nodules from low- 

grade dysplastic nodules and high-grade dysplastic nodules from carcinoma 

is often impossible. The morphological features that help in this differential 

diagnosis can be separated into a primary group of highly suggestive features 

and a secondary group of features of differential value but which are less 

useful (Table 1.6.2). It is clear that none of the features is diagnostic. Reticulin 

loss has been traditionally considered a diagnostic feature of HCC but, 

interestingly, assessment of reticulin (in terms of reticulin preservation) is 

considered as a “secondary group” feature by the Working Party who felt this 

feature was unhelpful in the diagnosis of well-differentiated HCC.

The evolution from precursor nodular lesions to HCC is accompanied by 

changes in the vascular supply. In particular during tumour growth, the portal 

supply decreases with the acquisition of a predominantly arterial circulation, 

and hypervascularization. During this transition, fatty changes are frequently 

seen probably due to a temporary imbalance of the blood supply (Kutami et 

al. 2000; Kudo 1999).

These changes in vascular supply are exploited histologically as unpaired 

arteries (i.e. unaccompanied by fibrous tissue or veins) may be seen within 

HCC (Himeno et al. 1994). The pattern of endothelial expression of QBendIO 

(CD34) is more diffuse and uniform in HCC compared with benign lesions 

such as regenerative nodules in cirrhotic livers and adenomas which tend to 

show a more patchy pattern of expression (Dhillon et al. 1992). There 

appears to be a correlation between increased expression of vascular 

endothelial growth factors, tumour dedifferentiation, and hypervascularity 

(Torimura et al. 1998). The size, chronology and vascular features of HCC, 

as inferred from data in the literature are shown in table 1.4.3.
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Table 1.6.2. Histological criteria in the differential diagnosis of well 
differentiated HCC, DN, and MRN*.

Feature Large Dysplastic Dysplastic Well
regenerative nodule, nodule, differentiated

nodule low grade high grade HCC
Primary Features

Cell density > twice normal _ _ _ +
Moderate mitotic activity(>5/10HPF) - - - -
Moderately irregular nuclear contour - - - +
Nuclear hyperchromasia - - + +
Clonal populations - + + +
Trabeculae > 3 cells wide - - - -

Secondary features

Cell density >1 . 3  times normal . _ + +
Occasional mitoses (1-5/10 HPF) - - + +
Mildly irregular nuclear contour - - + +
Pseudogland formation + - + +
Cytoplasmic basophilia - - + +
Cytoplasmic clear cell change - - + +
Reticulin preserved + + + +
Resistance to iron accumulation - ? + +
Invasion of stroma or portal tracts - - - +

Other

Unattached"floating" cross-sections +
of trabeculae
Absence of portal tracts - - - +
Numerous unaccompanied arteries - - - +

* From

Anonymous et al. 1995; 

Ojanguren et al. 1997
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Despite the 1995 consensus document (Anonymous et al. 1995), there are 

still marked differences between the criteria used by Western and Eastern 

(mainly Japanese) pathologists. As stated by Kojiro (Kojiro 2000) "reports 

from Europe and the United States on dysplastic nodules often include well 

differentiated HCC at the early stage, possibly because of the lack of 

opportunity for Western pathologists to see minute early-stage well 

differentiated HCC" and " Western pathologists usually have no concept of 

"carcinoma in situ" in which no obvious invasive growth is present, and many 

cases of gastric cancer in the mucosa are diagnosed as dysplasia in Europe 

and the United States".

Overt HCC.

The usual histological types of overt HCC show a trabecular, pseudoglandular, 

compact, or mixed architectural pattern with diverse cytological features 

(Anthony 1994). Edmondson and Steiner (Edmondson and Steiner. 1954) 

proposed a grading system for HCC, which ranges from Grade I to IV, I 

representing nearly normal hepatocyte morphology and IV showing extreme 

de-differentiation. As tumours enlarge, foci of de-differentiation become 

apparent and show higher proliferative rate and more pleomorphism than better- 

differentiated areas (Kirimlioglu et al. 2001).

HCC is frequently multifocal. Genomic fingerprinting (Sirivatanauksorn et al. 

1999c) and CGH (Wilkens et al. 2000) studies suggest that multifocal tumours 

are multicentric in origin rather than representing intrahepatic metastasis. This 

distinction is difficult using histological criteria alone (Kojiro et al. 1999).

This question has important clinical implications. Intrahepatic spread implies that 

tumour cells may be circulating outside the liver and that immunosuppression 

after transplantation may favour their reseeding in the liver and/or growth in 

extra-hepatic sites. Multicentricity is a major drawback of surgical resection or 

local ablation therapy in cirrhotic patients, due to the high rate of recurrence in
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these patients (Bruix 1997) caused by synchronous lesions not detected during 

the initial treatment or metachronous tumours. The occurrence of metachronous 

lesions may be related to the removal of a dominant nodule inhibiting the growth 

of adjacent "dormant" smaller lesions (Bhattacharya et al. 1995).

Special subtypes of HCC.

Special subtypes of HCC (encapsulated HCC, large regressing HCC in the 

elderly and HCC with lymphoid stroma) have been described and consist of 

HCC with particular clinico-pathological features associated with a particular 

natural history and particular prognostic implications. However these special 

entities are not encountered frequently.

a) Encapsulated HCC.

Tumour encapsulation has been described with an incidence ranging from 

3.6% to 10.3% (Okuda et al. 1977; Peters RL 1976) in autopsy series. 

Surgical series have noted a much higher incidence ranging from 45 to 96.9% 

(Nagao et al. 1987; Hsu HC 1985; Lai et al. 1990). Encapsulated HCC tend 

to be small, and are associated with an improved prognosis after resection. 

The presence of a tumour capsule in the study by Tannapfel et al (Tannapfel 

et al. 1999a) was based on microscopical assessment but a detailed 

definition of encapsulation was not given. Generally, the term “fibrous 

capsule” refers to a rim of compressed connective tissue, which develops 

around slowly expanding tumours. Such tumours may thus develop an 

apparently enclosing fibrous capsule and may push along a broad front into 

adjacent normal structures. In the context of cirrhosis, a perinodular rim of 

fibrous tissue is already present by definition and distinguishing a surrounding 

inflammatory fibrous reaction from that induced by a neoplastic process must 

be speculative (Cameron et al. 1993). A fibrous capsule in an architecturally 

normal liver implies a well-defined cleavage plane with ease of surgical

97



enucleation but this does not appear to be the case with HCC in cirrhotic 

livers.

b) Large regressing HCC.

Regression of HCC has been described in several reports(Kaczynski et al. 

1998; Ayres et al. 1990; Misawa et al. 1999; Magalotti et al. 1998; Stoelben 

et al. 1998; Ledesma et al. 1998; Ohba et al. 1998; Gomez et al. 1998; 

Iwasaki et al. 1997; van Halteren et al. 1997). Theories that have attempted 

to explain this include withdrawal of hormonal stimulation, disruption of blood 

supply, use of herbal medicine, and abstinence from alcohol. Ayres et al 

(Ayres et al. 1990) have reported the presence of an intratumoral lymphocytic 

inflammatory infiltrate in large regressing HCC.

c) HCC with lymphoid stroma.

Emile et al (Emile et al. 2000) found that HCC with lymphoid stroma had a 

better prognosis than other types of HCC after liver transplantation. Five of the 

162 patients with HCC who had liver transplantation that formed the basis of the 

study were found to have HCC with abundant lymphoid stroma. Four (of the 5 

patients) were cirrhotic; 2 had 2cm tumours, 2 had 4cm tumours and one had a 

5cm tumour. Four patients were disease free between 3-10 years later and one 

patient died of tumour recurrence 7 years after transplantation (having had a 

2cm tumour in a non-cirrhotic liver originally). The features of the tumours were 

similar to those described by Wada et al (Wada et al. 1998) in that there was 

active erosion at the tumour/lymphocyte interface, with predominantly CD8 T 

lymphocytes and numerous plasma cells. Lymphoid follicles were present. 

Tumour necrosis was not prominent, and there was invasion of adjacent 

structures, including non-neoplastic liver cell plates, vessels and “capsule”. The 

inflammatory infiltrate in these cases appears to be related to a “piecemeal-type” 

of necrosis of tumour cells and did not seem to be a consequence of treatment 

related necrosis. Expression of vascular adhesion protein 1 and ICAM-1 in HCC
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is associated with an intense T-lymphocyte infiltrate (Wada et ai. 1998). The 

presence of lymphoid follicles with germinal centres and plasma cells indicates a 

concomitant B cell type reaction. Patients with HCC have heterogeneous NK 

cell populations in liver tissue (Yoong et al. 1998) which may be involved in the 

anti-tumour process (Lukomska et al. 1989). Treatment modalities, which can 

induce cytotoxic lymphocytes, B cell activation or cytokines, may be exploited in 

the future (Wada et al. 1998).

d) Other special types.

A number of other varieties of HCC with more debateable clinico-pathological 

identities and prognostic implications have been described. Experience with 

each of these types is limited. Pedunculated HCC (Anthony et al. 1987) is said 

to be more resectable and thereby has a better prognosis; one report of clear 

cell HCC suggested a better than usual prognosis (Lai et al. 1979), but this has 

not been substantiated since; and sarcomatoid HCC may present with 

métastasés earlier than usual HCC (Anthony 1994).

1.6.3 Histological prognostic factors of HCC.

The prognosis of HCC in cirrhotic patients depends on multiple factors 

including tumour characteristics, liver function, patient's general health and 

type of intervention. Therefore pathological data alone cannot be sufficient for 

full prognostic assessment (Llovet et al. 1999a; Llovet et al. 1998; Bruix et al. 

2001).

The difficulties in the diagnosis of HCC are reflected in the prognostic 

assessment. Many of the studies of the outcome are confounded because 

"early" or “small” HCC cannot be diagnosed with confidence, especially if these 

lesions are well differentiated, as is usually the case. The issue is further 

complicated by the confusing terminology of early stage HCC. Definitions of the
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terms “early” and “small” vary. An international working party defined small HCC 

as tumours less than 2 cm diameter (Anonymous et al. 1995). Other authors 

suggest a 3 cm cut-off (Kanai et al. 1987; Bruix 1997).

Despite these inherent limitations, the prognostic significance of pathologic 

parameters in HCC has been extensively investigated and various clinico- 

pathological factors have been reported to predict prognosis (Yokoyama et al. 

1996). Table 1.6.3 summarises the literature relating to the histopathological 

assessment of prognosis with regard to HCC and shows that some features 

have given controversial results.

Many other potential markers, which may affect prognostic assessment, have 

been studied, but a consensus is lacking as to their utility for the present. 

Various aspects of HCC have been reported to influence the prognosis of 

HCC (table 1.6.4) (including DMA ploidy; mitotic, apoptotic, and telomerase 

activity; expression of Ki67, PCNA, cyclin 01, cyclin E, p27, p53, p73 

retinoblastoma protein, C-erb B2, and metalloproteinases) (Tannapfel et al 

1999a; King et al. 1998; Ng et al. 1995c; Miyakawa 1998; Soini et al. 1996 

Hino et al. 1997; Chapel et al. 1996; Haratake et al. 1993; Smalley et al 

1988; Suda et al. 1998; Peng et al. 1998; Ito et al. 1999; Honda et al. 1998 

Mise et al. 1998; Heinze et al. 1999; Naka et al. 1998; Tannapfel et al 

1999b; Boix-Ferrero et al. 1999; Komine et al. 2000; Rivas et al. 1998 

Yamamoto et al. 1997).

The adhesion molecule CD44 is of particular interest in the process of vascular 

dissemination of tumour cells. Upregulation of CD44 in some types of cancer 

seems to be related with metastatic spread. Immunohistochemistry has not 

showed expression of CD44 in normal hepatic or bile duct epithelial cells, nor in 

tissue samples of HCC but it has been identified in peritoneal effusions and 

HCC cell cultures (Haramaki et al. 1995). HCC with vascular invasion tend to 

show CD44 expression (Mathew et al. 1996).
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The expression by HCC of gastrin receptors may have prognostic significance 

and this aspect may be amenable to therapeutic exploitation (Caplin et al. 

1999).
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Table 1.6.3: Studies of prognostic significance of pathological 
features of HCC.
(Modified from Wittekind 1995)

Significant Not significant

TR or DFS AS

Anatomic extent

TNM, T category* Jonas et al. 2001; Tannapfel et al. 1999a;

TNM, N category* Tannapfel et al. 1999;

TNM stage* Schntetal. 1999; IwatsukI et al. 1991; Tannapfel et al. 1999a;

Ringeelal. 1991; 
Zhao et al. 1990; 
Tang et al. 1989;

Uovetelal. 1998;

Local Spread

Vascular invasion Ngetal. 1995b; 
Fusteretal. 1996; 
Schlittetsd. 1999; 

Nagasueetal. 1993;

Ngetal. 1995b; 
Fusteretal. 1996; 
Jonas et al. 2001;

Tannapfel et al. 1999a;

Liver invasion Ngetal. 1995b;

Capsular invasion Tannapfel et al. 1999a; 

Ngetal. 1995b;

Number of tumours Schlittetal. 1999; Jonas et al. 2001; Tannapfel et al. 1999a;
McPeakeetal. 1993; McPeakeetEd. 1993; 

Fusteretal. 1996;
Nagasueetal. 2001;

Microsatellite/daughter Hsuetal. 1985; 
Ngetal. 1995b;

Smalley et al. 1988; 
Ngetal. 1995b;

Tannapfel et al. 1999a;

nodules Fusteretal. 1996; 
Nagasueetal. 2(X)1;

Fusteretal. 1996; 
Nagasueetal. 2001;

Margin Ngetal. 1995b; 
Nagasueetal. 2001;

Ngetal. 1995b; Fusteretal. 1996;

Size Ngetal. 1995b; Jonas et at. 2001; Tannapfel et al. 1999a;
SctiKttetW. 1999; 

McPeakeetal. 1993;
Haratake et al. 1993; 

Fusteretal. 1996; 
Schkttetal. 1999;

Nagasueetal. 2001;
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Table 1.6.3: continued
Significant Not significant

TR or DFS AS

Other pathological features

Edmondson grade Ngetal. 1995b; Tannapfel et al. 1999a; 
Hanatake et al. 1993; 

Smalley et al 1988; 
Nagomeyetal. 1989;

Hsuetal. 1985; 
Ringeetal. 1991; 

Tang et al. 1989; 
SchlittetW. 1999; 

Nagasueetal. 2001; 
Hsuetal. 1988;

Encapsulation Ngetal. 1996b; 
Nagasueetal. 2001;

Ngetal. 1995b; 
Franco et al. 1990; 

Laetal. 1990; 
Hsuetal. 1988;

Tannapfel et al. 1999a; 

Fusteretal. 1996;

Inflammation Hsu HC 1985; 
Ngetal. 1995b;

Ngetal. 1995b; Tannapfel et al. 1999a;

Tumour stroma Ngetal. 1995b;

Architectural pattem Nagomeyetal. 1989; Ngetal. 1995b;

Bile production Smalley et al. 1988; Tannapfel et al. 1999a; 
Ngetal. 1995b;

Giant cells Tannapfel et al. 1999a; 
Ngetal. 1995b;

Tumour necrosis Smaleyetal. 1988;

Clear cell change Ngetal. 1995b;

Background liver

Cirrhosis SctiMtetW. 1999; Tannapfel at al. 1999a; Ngetal. 1995b;
Nagasueetal. 2001; Tang et al. 1989; 

Nagomeyetal. 1989;

Haratake et al. 1993;

Inflammatory activity Ngetal. 1995b;

Liver cell dysplasia Hsuetal. 1985; Tannapfel et al. 1999a;

AS= Actuarial survival; DFS= Disease free survival; TR= Tumour recurrence 
* see table 1.5.6
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Table 1.6.4 Prognostic value of "proliferation" markers, cell cycle 
modulators and other factors in the assessment of HCC.

Significant Not significant
Factor DFS or TR AS

Ki67 King et al. 1998; 
Ngetal. 1995c;

King et al. 1998; 
Miyakawa 1998; 
Tannapfel et al. 1999a;

PCNA Hino et al. 1997; 
Adachietal. 1995;

Soini et al. 1996; 
Tannapfel et al. 1999a;

AgNOR Tannapfel et al. 1999a;

Mitotic index Chapel et al. 1996; 
Tannapfel et al. 1999a; 
Haratake et al. 1993; 
Smalley et al. 1988;

Apoptosis Tannapfel et al. 1999a;

Telomerase
activity Suda et al. 1998;

p53 Honda et al. 1998; 
Mise et al. 1998; 
Heinze et al. 1999; 
Naka et al. 1998;

Boix-Ferrero et al. 1999;

p73 Tannapfel et al. 1999b;

CyD1 and CyE Peng et al. 1998;

p27 Ito et al. 1999;

Rb protein Naka et al. 1998;

C-erb B2 Heinze et al. 1999;

DMA ploidy Mise et al. 1998;

Metalloproteinases Yamamoto et al. 1997; Rivas et al. 1998;

AS= Actuarial survival; DFS= Disease free survival; TR= Tumour recurrence
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CHAPTER 2

Materials and methods
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2.1 General considerations

I describe in this chapter the techniques used in the present work. These 

include the protocol designed for sampling explant livers, the molecular 

techniques for genomic fingerprinting and clonal analysis, the histochemical 

method to demonstrate Glucose-6-phosphate-dehydrogenase (G6PD) 

activity, as well as the immunohistochemistry used in this work.

Most of the stock solutions used in the molecular work of this study were 

prepared according to instructions in Molecular Cloning: A Laboratory Manual 

(Sambrook et al. 1989), and all reagents were molecular biology grade.

All solutions employed for the preparation and manipulation of DNA were 

made up using distilled deionised water.

The materials used in each experiment, were carefully selected to conform to 

standard laboratory safety procedures. As PGR is a very powerful technique, 

the possibility of contamination has to be considered with the greatest care. 

To minimize the possibility of contamination, DNA purification, PGR master 

mix preparations and final PGR mix preparation were carried out in different 

rooms using dedicated equipment. Filtered tips were regularly used to avoid 

contamination of pipettes by DNA particles. The handling of radioactive 

material was carried out in a dedicated laboratory, according to radioactive 

safety measurements. The PGR master mix was prepared in a laminar flow 

hood. The processes of cleansing were strictly adhered to according to the 

manufacturer's instructions and/or the good local laboratory codes of practice.
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2.2 Protocol for liver sampling

The tissue samples used in the present work have been collected according 

to a protocol that I have specifically designed for sampling livers removed at 

transplantation. This protocol has the approval of the Ethics Committee of the 

Royal Free Hospital. Informed consent is obtained from each patient, before 

tissue samples are retrieved, and stored. This protocol consists of the 

collection of fresh tissue samples for storage and research purposes from 

nodular lesions in cirrhotic liver with a detailed record of the topography and 

the macroscopic appearance of each nodule. Tissue samples are also taken 

from each nodule for routine histological analysis of paraffin sections. These 

pathological data are recorded in a specifically designed computer database. 

This database has the formal approval of the Royal Free Hospital Ethics 

Committee.

The importance of obtaining tissue for research on hepatocellular carcinoma 

has been stressed in the recently published EASL consensus document on 

clinical management of Hepatocellular carcinoma (Bruix et al. 2001). In the 

discussion of the role of tissue diagnosis in the surveillance of cirrhotic 

patients, the EASL panel has stressed that "tumour biopsies at early stages 

may constitute a unique research tool to validate, in the clinical setting, the 

findings of experimental studies", and anticipated the future role of molecular 

profiling of the disease. If the possibility of obtaining biopsy samples for 

research purposes should be seriously considered despite the potential risks 

of biopsy, all the more reason that tissue easily obtainable from livers 

removed at transplantation should not be wasted. This protocol has been 

specifically designed in order to avoid compromising the routine diagnostic 

requirements.
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2.2.1 Sampling of fresh liver

Livers are received fresh after transplantation and examined in a cryostat 

room under an extraction hood. The location of every distinct nodular lesion 

evident on external examination is recorded on a pro-forma diagram 

specifying diameter, colour, presence of necrosis and site (i.e. slice number 

from top to bottom, lobe, mid-upper/lower third, anterior/posterior, if near to 

gall bladder, hilum, vena cava, falciform ligament or other recognizable 

anatomic structures, sub capsular or intraparenchymal). This pro-forma 

diagram is then used as reference, at the cut-up bench after fixation.

The capsular surface is inked before any sample is taken. The middle of the 

tumour is sampled provided this is taken without interfering with the surgical or 

capsular resection margins. For example, a single cut is made with a stout 

bladed large knife ("brain cutting" 12 inch knife) across the tumour on the 

transverse plane (i.e. plane similar to a CT scan cut). One half is not interfered 

with further, and is kept for routine examination. Tissue may be taken from the 

other half for special fixation and freezing. Each lesion sampled is labelled 

with progressive numbers.

If no focal lesions are evident on external examination, there is no clinical 

diagnosis of liver tumour, or clinical details indicate a tumour without 

specifying the locations, then multiple neat and complete slices of uniform 

thickness (up to 1 cm thick) are cut in the transverse plane (i.e. plane similar 

to a CT scan cut) and any distinct nodule identified recorded, described and 

sampled as above.

The remainder of the liver is then placed in formalin for between 24-48 hours 

depending on size, degree of fibrosis etc and then sampled for routine 

histology.
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Tissue taken from non-neoplastic liver, as well as from gall bladder or other 

adjacent tissue (e.g. fibro-adipose tissue of the falciform ligament) is also 

snap frozen. A few centimetres of the upper extreme of the left lobe can be 

removed without compromising the sampling.

Snap freezing is achieved placing the piece of fresh tissue onto a square 

piece of cork covered by OCT, which is then used to cover the entire 

specimen. This is placed in cooled isopentane for a few seconds, then in 

liquid nitrogen and ultimately for storage at -80°C, in dedicated, numerated 

and mapped storage racks.

2.2.2 Liver sampling after fixation

If abnormal nodules are found at tissue sampling, these are described in a 

diagram pro-forma so that they can be easily identified. Each slice of liver is 

numbered and photographed from top to bottom using a digital camera with 

close-ups on each nodule including an adjacent label bearing the 

corresponding paraffin block number for permanent record. Images are later 

transferred onto Adobe Photoshop and saved on JPEG format (Figure 2.1).

The following features of the specimen are described: external and cut 

surface appearance of the background liver, presence of other structures, 

each distinct nodular lesion as above specifying also clearance from the hilar 

vascular and biliary surgical ends including distance in mm. Lymph nodes are 

searched for in the hilar tissue.
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Figure 2.1. Example of digital photography during gross examination of a 
cirrhotic liver removed at transplantation. Left, low power view of slices cut on a 
transverse plane. Right close-up views of two slices containing tumours.
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Samples are taken from each nodule from which fresh samples were taken 

plus all further nodules that become evident after fixation. The same numbers 

are allocated to the routine diagnostic histopathology samples taken from the 

same nodules after fixation and recorded on the macro description. If multiple 

samples from one lesion are taken, these are treated the same way as "extra 

blocks" in ordinary specimens and the allocated number recorded on the 

diagram and the macro description. For example:

(1)4 nodules are identified in the fresh liver. They measure 

respectively 30, 10, 6 and 5 mm diameter and are labelled A l, 

A2, A3 and A4.

(2) At surgical cut-up 3 blocks are taken from nodule "Al", 1 block is 

taken from nodule "A2", 1 block is taken from nodule "A3" and 1 

block is taken from nodule “A4”. The blocks taken from nodule 

"A l" will be labelled A l , A5 & A6.

Usually, these "extra blocks" are taken from the nodule itself, adjacent satellite 

smaller nodules, tumour and capsular surface, tumour and adjacent vascular 

(e.g. vena cava, hepatic veins) or other (e.g. gall bladder) structures which 

may be useful for staging purposes. Blocks of hilar structures are also useful 

as they represent a resection margin. Lymph nodes from the hilar tissue are 

sampled.

If no abnormal nodules were found at tissue sampling, but become evident 

after fixation, the same method of sampling as above is used. In this case, as 

no fresh tissue has been taken from these nodules, there is no need to match 

paraffin and fresh samples and the method of block labelling is up to 

individual preference. However, it is advisable, for practice and consistency, to 

maintain the same system as in section 1 (i.e. allocating a number to each 

nodule and considering further samples as “extra blocks”).
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If no nodules are found, samples are taken as per protocol described by 

Demetris et al (Demetris et al. 1987).

The time necessary for sampling of fresh tissue ranges from 10 minutes when 

no nodules are present to approximately 30 minutes when up to 8 nodules are 

found. The gross examination and sampling of formalin fixed livers, is of about 

30 minutes including digital photography, and may extend to 45 minutes when 

a large number of nodules (more than a dozen) are identified. This protocol 

may appear time consuming, but allows the retrieval of tissue, pathological 

data and digital images at later stages, fairly quickly.

2.3. Molecular analysis

2.3.1 Tissue microdissection and DNA preparation

Frozen samples were thawed. Using a scalpel blade, excess tissue 

surrounding each nodular lesion examined (i.e. RN, MRN, DN or HCC) was 

dissected, and disposed of. Each sample was crushed with a mortar.

When formalin-fixed, paraffin-embedded tissues were used, these were 

obtained either directly through dissection from paraffin blocks or by 

microdissection of paraffin sections. Paraffin blocks were incised with a 

scalpel blade and samples of 5 x 5 x 2 mm obtained. Samples were left in 

glass tubes containing 50 ml of xylene at 60°C for 10 minutes and then rinsed 

in 100 % ethanol and 70% ethanol for 5 minutes each step and finally rinsed 

in distilled water.

Microdissection was carried out as described by Sirivatanauksorn et al 

(Sirivatanauksorn et al. 1999b). One 5-pm section and ten sections of 10-pm 

thickness each were serially cut from each paraffin block and collected onto 

glass slides and oven dried overnight at 37'’C. The microtome blade was
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changed between each block to avoid cross-contamination. The single 5-pm 

section was stained with Haematoxylin and Eosin (H&E) for histological 

confirmation. The remaining 10-pm sections, were either stained with toluidine 

blue and separately prepared by microdissection using sterile 27 gauge 

needles with the assistance of a dissecting microscope or were not stained 

and were prepared with the assistance of a dissecting microscope and 

reference to the section stained with H&E. When sections were stained with 

toluidine blue, in order to avoid static, each section was covered with a drop of 

digestion buffer and microdissection was carried out. Fragments were 

collected in a 1.5 ml centrifuge tube. When sections were not stained with 

toluidine blue, paraffin was removed by incubating in 400 pi of xylene for 20 

minutes at 55°C and then washing twice with 500 pi of absolute ethanol.

2.3.2 Tissue digestion

Tissue was digested with proteinase K (Sigma, UK) in lysis buffer (lOmM 

Tris.CI pH 8.0, 50 mM KCI, 2.5 mM MgCy overnight at 55°C. Initially, a mix of 

270 pi of Lysis buffer and 30 pi of proteinase K were used. If digestion was 

not complete after overnight incubation, a further aliquot of 20 pi Proteinase K 

and 180 pi of lysis buffer was added up and incubation continued for a further 

5 hours. If digestion was complete, 200 pi of lysis buffer was added and DNA 

extraction started. Digestion was considered incomplete when fragments of 

tissue were still identifiable in the digestion broth. A further aliquot of 200 pi of 

lysis buffer added in case of complete digestion was used to obtain a final 

volume of 500pl of digestion solution plus the additional tissue volume in order 

to maintain an adequate volume of extraction solution during the 

phenol/chloroform/isoamyl alcohol extraction steps (see below).
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2.3.3 DNA extraction

Phenol/Chloroform/Isoamyl alcohol

This was carried out as originally described by Blin and Stafford (Blin et al. 

1976) and adapted to the protocol suggested by Quirke et al (McPherson et 

al. 1991). Five hundred pi of Phenol/Chloroform/lsoamyl alcohol (Sigma, UK) 

were added to the digestion mix and mixed gently to avoid physical damage 

to the DNA. The two phases were separated by centrifugation at a speed of

12.000 g for 10 minutes. The upper-phase was transferred with a wide-bore 

pipette to a fresh microcentrifuge tube, carefully avoiding the proteinic 

interface and this step was repeated until the proteinic interface was clear. 

This step was repeated 2 times on average. The advantage of the use of an 

initial 500 pi digestion volume plus additional tissue volume (see above) was 

that up to 250 pi of supernatant could be collected at the first step, thus 

allowing the retrieval of a good yield, still avoiding the proteinic interface and 

maintaining this advantage of using relatively large volumes in the following 

steps. Once the proteinic interface was clear, the supernatant was extracted 

with a wide-bore pipette and mixed gently with an equal amount of 

Chloroform/lsoamyl alcohol 24:1 (Sigma, UK) and centrifuged at a speed of

12.000 g for 10 minutes. The upper-phase was collected (volume ranging 

from 40 pi to 150 pi) and DNA was precipitated from the aqueous phase by 

adding two volumes of iced absolute ethanol, and 1/10 of 3M Sodium acetate 

(pH 7.0). The solution was left at -20°C for at least 1 hour or overnight for the 

DNA to precipitate, and a DNA pellet was obtained by centrifugation for 10 

minutes at 12,000 g. The pellet was washed with 70% Ethanol (Sigma), and 

dried by evaporation, then dissolved in 100 pi of sterile water (Promega) 

overnight at 4°C, and then frozen and stored at 4°C or -20°C. The entire 

procedure may take up to 3 hours when up to 10 samples are processed.

114



Extraction kit

DNA extraction kits are commercially available as an alternative to the 

traditional Phenol/chloroform/isoamyl alcohol extraction protocol. The 

advantage of these kits is that they avoid the handling of toxic chemicals such 

as phenol, are easy to use and the entire procedure can be carried out within 

an hour when up to 10 samples are processed (see above). The kit produced 

by Talent, Italy utilises a DNA-binding resin, special filters and a washing 

solution. Up to 200 pi of the digestion mix are mixed with 500 pi of solution 

containing 50 pi of DNA binding resin and mixed gently. The mix obtained is 

than centrifuged for 30 seconds at 12,000 g through a filter that retains the 

DNA-resin complex. A washing solution and an optional step with 80% 

ethanol is then used to rinse the filter from residual proteins and salts. Finally, 

50pl of water pre-heated at 65-70°C are poured into the filter and left for 1 

minute to re-suspend the DNA that is then centrifuged for 30 seconds. The 

DNA obtained is ready for use.

2.3.4 Quantitative and quaiitative assessment of DNA

Spectrophotometry

The concentration of DNA was obtained by measuring its absorbance in 

solution at a wavelength of 260 nm in a UV spectrophotometer (Jenway 6305 

UVA/is). 10 pi of extracted DNA were diluted into 190 pi of dH20 (dilution 

factor=10) and reading at 260 nm and 280 nm wavelength was carried out to 

estimate the DNA absorbance (260 nm) and the presence of impurity, in 

particular residues of phenol when the phenol/chloroform/isoamyl protocol 

was used (280 nm). The ratio between the readings at 260 nm and 280 nm 

(Optical Density (CD) 260:OD280 ratio) provides the estimate of the purity of 

DNA and when the CD ratio was between 1.7 and 1.9, the DNA was
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considered sufficiently pure for analysis. Higher OD ratio (^2-2.5) was 

considered as a sign of DNA degradation, while a lower OD ratio (<1.5-1.2) 

was considered as index of protein/phenol contamination. The concentration 

was worked out multiplying the absorbance by the dilution factor and a factor 

of 50 (An OD of 1 corresponds to 50 pg/ml) as described by Sambrook et al 

(Sambrook et al. 1989).

Agarose gel

In order to further assess the quality of the extracted DNA, 2 % agarose 

electrophoresis was performed in a horizontal submerged gel apparatus 

(Gibco/BRL). Gels were prepared by adding agarose (Sigma, UK) to 200 ml of 

IX TBE (National Diagnostics) to make a solution of 2% and heating to 

dissolve in a microwave oven. On cooling to below 50®C, 2 pi of ethydium 

bromide (stock solution lOpg/ml, Sigma, UK) was added. Gels were poured 

into a gel former with a well-comb in place. After setting, the gel was 

submerged in am electrophoresis tank containing IX  TBE buffer. Loading 

buffer (1/6 volume of 6X stock solution: 0.25% bromophenol blue, 0.25% 

xylene cyanolFF, 30% glycerol in water) was added to the PCR product or the 

purified DNA that were then transferred into the wells, and electrophoresis 

was performed at constant voltage (100 volts) for 40 minutes. The gel was 

examined by trans-illumination using a UV trans-illuminator to visualise the 

DNA. DNA fragments were sized by reference to a standard DNA ladder 

(Promega) that was run concurrently.
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2.3.5 AP-PCR

AP-PCR amplification

This was performed as previously described by Sirivatanauksorn et al

(Sirivatanauksorn et al. 1999b; Sirivatanauksorn et al. 1999c). The amount 

of DNA template was equalised in the PCR reaction mixture by diluting the 

DNA stocks to comparable concentrations. Two hundred ng of DNA were 

used for each PCR reaction. PCR mixture devoid of DNA was used as 

negative control. Control DNA alpha 28E10 (kindly provided by Dr Letizia 

Foroni, Department of Haematology, Royal Free Hospital), was used as 

positive control. The PCR reaction was carried out in a reaction mixture 

composed of lOx buffer (10 mM Tris.CI pH 9.2), 3.5 mM MgCb (Gibco/BRL), 

0.2 mM each dNTP (Promega), 0.2 mM of each primer (AR3 or ZF3, Oswald, 

UK, see chapter 7), 0.2 units of Taq DNA Polymerase (Promega, UK). 

Radioactive labelling was achieved adding to the PCR mixture 0.1 pL of [y- 

^^P]-dCTP aqueous solution (Amersham International) to a final volume of

25.1 pL. The reactions were overlaid with mineral oil.

For the thermocycling profile, a two-step protocol was used including four 

initial cycles at low-stringency followed by 35 high stringency cycles, as 

follows:

• 4 low-stringency cycles of 1 minute at 94°C, 5 minutes at 45°C and 5 

minutes at 72°C

• 35 high stringency cycles of 1 minute at 94°C, 1 minute at 60°C, and 2 

minutes at 72°C.

• A final chase cycle of 10 minutes at 72°C was also performed, to allow 

complete elongation of all products.

After low-stringency cycles, exact copies of the primer sequence flank a 

handful of anonymous sequences. Thus, the annealing temperature can be
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raised after a few cycles and the reaction is allowed to continue under 

standard, high stringency PCR conditions. The two-step low-high stringency 

protocol was designed to avoid internal priming within a larger amplifying 

product.

Polyacrylamide gel electrophoresis (PAGE)

The PGR product (2.5 pi) was added to 5 pL of dye mixture and subsequently 

run on PAGE. Polyacrylamide gels are made from acrylamide and N,N- 

methylene bisacrylamide mixtures dissolved in electrolyte and polymerised by 

the addition of a chemical catalyst (2.5 % ammonium persulfate and 

N,N,N',N'-tetramethylethylenediamine (TEMED, National Diagnostics). The 

acrylamide concentration and the proportion of bisacrylamide added as cross

linker determine the physical properties and resolving power of the gels. The 

wide range of pore sizes that can be obtained by varying the ratio of 

acrylamide.bisacrylamide makes this a very popular choice, and gels can be 

made for many different purposes. For the purpose of displaying the AP-PCR 

generated fingerprints, a denaturing 6% acrylamide gel matrix was used with 

an acrylamide: bisacrylamide (National Diagnostics) ratio of 29:1 in TBE 

electrolyte and Urea (Promega, UK). The gels were run at 60W constant 

wattage supply in a Model S2 Sequencing Gel Electrophoresis Apparatus 

(Gibco-BRL, Life Technologies). An overnight run was avoided as it was 

considered hazardous to leave the electrical apparatus running without 

regular checks, as such apparatus may generate sparks and constitute a 

potential fire risk.

Autoradiography

After electrophoresis, the apparatus was dismantled and the gel was mounted 

wet on a piece of a Whatman 3MM paper (Whatman LTD) and covered with 

Saran-wrap. The gels were dried down on a slab drier (BioRad) with a
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vacuum pump drawing off the moisture at 80°C for 2 h. The dried gel was 

then exposed to X-ray film (Fuji Super HRE film) in a Fuji EC-D cassette, 

overnight at -80°C or 2-3 days at room temperature

Fingerprint Analysis

Films were scanned with Imaging densitometer (BioRad, model GS-700) and 

were saved in TIFF format (256 grey-level scale). TIFF format images were 

analysed using Adobe Photoshop version 5.0. Each image was adjusted with 

Photoshop auto levels. A large number of AP-PCR amplified sequences can 

be resolved by electrophoresis. Only sharp spots clearly distinguishable from 

the background were considered as bands for the assessment of genomic 

damage. The position of each band was recorded using Photoshop rulers in 

order to be able to find the same spot in subsequent analysis.

Presence or absence of a band was computed separately. The sum of 

changes was divided by the total number of bands identified by the same 

primer in normal reference tissue. Indexes corresponding to band intensity 

increases (gains fraction), decreases (losses fraction), and the sum of both 

(genomic damage fraction (GDF) = gains fraction + losses fraction) were 

calculated.

2.3.6 HUMARA

Restriction enzyme digestion

DNA samples were digested with Hpall, a méthylation sensitive restriction 

enzyme whose site is located nearby a polymorphic [(CAG)n] repeat of the 

HUMARA gene, which varies in length among individuals. DNA from lesional 

and non-lesional tissue amounting to 1000 ng was digested overnight at 37°C
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in a 20|jL mixture containing 10 Units Hpall (Boehringer, Mannheim, 

Germany) and inactivated by heating at 95°C for 10 minutes.

PCR amplification

The following primers were used for DNA amplification 5' 

GCTGTGAAGGTTGCTGTTCCTGAT3' (primer 1) and

5'TCCAGAATCTGTTCCAGAGCGTGC3' (primer 2). Primer 1 was labelled 

with fluorescein. A control sample containing only restriction-enzyme was run 

as negative control. Monoclonal control DNA was obtained from leukaemic 

cells. The PCR reaction was carried out using a 20 pL PCR mix composed of 

2.5 pL of lOx buffer, 0.8 pL of each dNTP, 0.625 pL of each primer, 0.4 pL of 

Taq Polymerase and 13.5 pL of deionised water. Initial dénaturation was 

performed for 10 minutes at 94°C followed by 30 cycles of 30 seconds at 

94°C, 30 seconds at 60°C, and 1 minute at 72°C. In the final cycle, extension 

at 72°C was prolonged for 7 minutes. All PCR samples were run in duplicate. 

Each sample was run in duplicate, including an aliquot of DNA digested by the 

restriction enzyme, as well as an aliquot on non-digested DNA as control.

DNA sequencer analysis

Two pi of PCR products were placed in a microfuge tube together with internal 

sized standards labelled with a red dye (TAMR) as well as 12 pi of high 

density formamide and denatured for 2 minutes at 95°C and in flowable 

Performance Optimised Polymers (POP-4) filled capillary (25 min per run) 

using a ABI Prism 310 Genetic Analyser (Applied Biosystems). Fragment 

analysis was performed using 310 GeneScan 3.1.2. (Applied Biosystems, 

Figure 2.2). Patients were considered informative if two peaks were 

identifiable before Hpall digestion, in order to exclude homozygosity for CAG 

repeat number. For each sample the peak intensity of the two alleles (allele 1 

and allele 2) were measured. A corrected ratio (OR) was obtained by dividing
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Figure 2.2. The ABIPrism 310 genetic analyser
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the ratio of the digested sample by the allele ratio of the non-digested sample, 

in order to correct for the preferential amplification of one allele when allele 

length is markedly different. A final clonality ratio for each tumour was 

determined by dividing the CR of the lesional DNA by the CR of the non- 

lesional DNA, in order to correct for potential Lyonization skewing. The 

sensitivity threshold of the HUMARA assay was set up at 1.5, as indicated by 

Paradis et al (Paradis et al. 2000; Paradis et al. 1998; Paradis et al. 1997)

The advantage of an automated system such as a ABIPrism 310 genetic 

analyser, is the speed of analysis (up to 96 samples per run), there being no need 

of using polyacrilamide or agarose, as these are replaced by a capillarization 

based system, and the quantitative analysis of the DNA fragments of interest, 

eliminating the variability related to a subjective assessment.

2.4. Histochemistry for G6PD

This procedure was based on the tétrazolium salt method, as described by 

Van Noorden and Frederiks (Frederiks et al. 1992).

Five pm cryostat sections were encircled with PAP (hydrophobic) pen and 

kept at 37°C for few minutes, then immersed in acetone for 2 seconds. Each 

section was covered with incubating medium in a pre-warmed humid chamber 

at 37°C for 5 to 30 minutes. The incubating medium consisted of glucose-6- 

phosphate (G6P, Sigma, UK) 10 mM, Nicotinamide-di-phosphate (NADP, 

Sigma, UK) 68mg/ml, Nitro Blue Tétrazolium (NBT, Sigma, UK) 25mg/200pl 

ethanol/dimethyl formamide (DMF), 11% Polivinylalcohol (PVA, Sigma, 

UK)/Tris-maleate buffer pH 7.5, Phenazine methosulphate (PMS, Sigma, UK) 

8mg/ml, Sodium azide (NaN3, Sigma, UK) 33mg/ml, Magnesium chloride 

(MgCl2,Sigma, UK) 80mg/ml. Sections were checked at intervals, to identify 

the optimum staining time, rinsed in several changes of buffer at 60°C, fixed
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briefly in formalin and mounted in aqueous medium. Sections incubated in 

medium devoid of G6P or NADP were used as negative controls.

The activity of the Mediterranean variant of G6PD is related to changes in pH 

and temperature (Kirkman et al. 1964). In particular, after warming the 

Mediterranean variant loses activity more rapidly then control G6PD (Kirkman 

et al. 1964; Webster et al. 1986). Therefore, heating of tissue sections prior 

to incubation in the staining medium should inactivate the Mediterranean 

variant of G6PD, and only cells with wild-type G6PD would show the 

histochemical staining.

In order to demonstrate the two types of G6PD (Mediterranean variant and 

wild-type) in female patients who are heterozygous for G6PD deficiency, 

sections were pre-heated at 55°C for 20 minutes.

Control incubation was carried out using tissue obtained from a homozygous 

male with complete G6PD deficiency and from a patient with normal enzyme. 

Intestinal mucosa from female Sardinian patients heterozygous for G6PD 

Mediterranean variant was used as control for Gd"̂ ®̂  inactivation.

2,5 Immunohistochemistry for CD34 and smooth muscie actin 
(SMA)

Paraffin sections were cut at 5pm thickness and de-waxed in xylene for 10 

minutes. After dehydration in alcohol, endogenous peroxidase was blocked 

with 2% H2O2 in ethanol. Sections were rinsed in running water and then 

micro waved for 10 minutes in 1 I of citrate buffer, pH 6.0, for antigen retrieval. 

After rinsing in running water sections were ringed with PAP pen, washed with 

TRIS buffered saline (TBS) and incubated for 20 minutes at room temperature 

in a humid chamber with 1% normal horse serum. The primary antibody 

(CD34, clone QBEnd 10, Dako; dilution 1/50; alpha-smooth muscle actin, 

clone 1A4, Dako; dilution 1/100) was then applied to each section for 60 

minutes. Sections devoid of primary antibodies were used as negative control. 

Sections of placenta and appendix were used as positive controls for CD34
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and SMA respectively. Sections were then washed in several changes with 

TBS and the secondary antibody in a volume/volume 1/1 solution with normal 

horse serum diluted 1/50 was applied for 30 minutes. After washing the 

sections in several changes of TBS, the avid in biotin complex was applied for 

30 minutes. This was followed by washing in several changes of TBS and 

developing with DAB solution. Sections were then washed with TBS, washed 

in running water, counterstained with Haematoxylin, dehydrated, cleared and 

mounted.
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CHAPTER 3

Histological analysis of HCC and its 

precursors: the design of a scoring 

system.
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3.1 General considerations

The current histological classification of HCC and its putative precursor 

nodular lesions is unsatisfactory, particularly with lesions of 1-2 cm diameter. 

Most of the histological criteria for the evaluation of early HCC and its putative 

precursors have not been validated properly and the diagnosis of these 

lesions still depends on subjective interpretation. If the hypothesis of the 

progression from cirrhotic liver, to putative precursors and eventually to HCC 

is accepted, then the division of this evolutionary biological continuum into 

mutually exclusive categories becomes problematic.

With this in mind, a histological scoring system was designed with the 

intention of making systematic the histological assessment of HCC and its 

putative precursor nodular lesions in cirrhotic livers. This histological scoring 

system was based on a methodical and detailed analysis of those individual 

histological features considered in the literature to be helpful for this purpose.

The aim was to assess the histological features of HCC and its putative 

precursor nodular lesions obtained from surgical specimens in a systematic 

fashion, and use these systematically collected data for correlation with the 

molecular findings of the present work and with clinical follow-up data.

3.2 Design of the scoring system

One hundred and five liver nodules were retrieved from the files of the 

Department of Histopathology of the Royal Free Hospital using the Liver 

Tumour Database of the Royal Free Liver Pathology Unit. These nodules had 

been isolated during the routine diagnostic pathological examination of the 

cirrhotic livers removed from 35 patients (31 males and 4 females, age range
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36-63, median 54) who received liver transplantation at the Royal Free 

Hospital between 1998 and 2000 for cirrhosis due to alcoholic liver disease 

(ALD)(3 patients) ALD plus hepatitis C virus infection (HCV) (2 patients), 

cryptogenic disease (5 patients), hepatitis B virus infection (HBV) (10 

patients), HCV (14 patients), HBV/HCV (1 patients). Details of the patients 

and the nodules are given In table 3.1. For each nodule a Haematoxylin and 

Eosin (H&E) stained section was performed as part of the routine histological 

assessment, as well as a silver impregnation for reticulin fibres using the 

Gordon and Sweets method and an immunohistochemical staining for CD34 

and smooth muscle actin (SMA) (see chapter 2, materials and methods).

The overall assessment was performed assigning each nodule to one of three 

groups: HOC; DN; or MRN as part of the "routine" diagnostic assessment by 

Professor Amar P Dhillon and Doctor Susan E Davies, using the histological 

criteria defined by Ferrell et al (Ferrell et al. 1993), and the International 

Working Party (Anonymous et al. 1995). The scoring procedure (AQ) was 

separated from the overall assignment, in order to eliminate bias.

The following histological features were chosen for the systematic histological 

assessment of each lesion: nodule size, nodule heterogeneity, reticulin 

loss/trabecular thickness, capillarisation, number of solitary arterioles, cellular 

atypia and mitotic activity, necrosis, vascular invasion, capsular invasion. 

These features were chosen because they are currently considered by many 

liver pathologists as the most useful histological criteria in the histological 

assessment of hepatocellular lesions, as it appears from published work on 

this subject (Anonymous et al. 1995; Theise 1995; Quaglia et al. 2001; 

Ferrell et al. 1993; Kojiro 2000; Bhattacharya et al. 1995). Each lesion was 

reviewed with systematic documentation of these individual histological 

features and a weighted score was given to each histological feature 

according to its perceived diagnostic significance (Table 3.2), as described 

below.
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Table 3.1. Patients and nodules.

tooo

Set of 
nodules*

Number of 
nodules

Number of 
patients

Males/
Females

Disease Nodules as per routine classification

MRN Median size DN 
(range) in mm

Median size HCC 
(range) in mm

Median size 
(range) in mm

1 105 35 31/4 HCV(14)
HBV(IO)
CD(5)
ALD (3)
ALD/HCV(2)
HBV/HCV(1)

35 9(5-21) 18 11(6-24) 52 15(6-75)

2 107 33 28/5 HCV(12)
HBV(9)
CD(5)
ALD (3)
ALD/HCV(1)
HBV/HCV(1)
PBC(1)
WD(1)

39 10.5(5-20) 14 12.5(3-23) 54 11.5(2-70)

3 212 68 59/9 HCV(26)
HBV(19)
CD(10)
ALD(6)
ALD/HCV(3)
HBV/HCV(2)
PBC(1)
WD(1)

74 10(5-21) 32 12(3-24) 106 15(2-75)

*Set 1 and set 2 are the sets of nodules assessed by routine diagnostic assessment and scoring procedure. Set 3 is 
the combination of set 1 and set 2 and has been used for the multiple correspondence analysis.

HCV= Hepatitis C virus infection; HBV= Hepatitis B virus infection; CD= Cryptogenic liver disease; ALD= Alcoholic liver 
disease; PBC=Primary biliary cirrhosis; WD= Wilson's disease.



Table 3.2: HCC Histological Scoring System

HCC SCORE 0 1 2 3 4 5
Nodule size (mm) s 5mm >5^10mm >103l5mm >15320mrn >20330mm >30mm

Nodule heterogeneity^ HCC Score 3

Reticulin ioss and/or 

trabecular thickness®

None Mild Moderate Severe

1-2 LCT 3 LCT 4 LCT 5 LCT 6 LCT 7 LCT

Capillarisation (CD34) Marginal Patchy, marginal incomplete diffuse Diffuse

Solitary arterioles^ <1/MPF 1-2/MPF 3/MPF >3/MPF

Cellular atypia Mild Moderate Severe

Mitotic activity^ <1/10HPF 1-2/10HPF 3-4/1OHPF 5 or more/1 OHPF

Necrosis'" HCC Score 3

Vascular invasion HCC Score 5

Capsular invasion HCC Score 5

A: phenotypically recognisable "clonal" changes eg clear cell change, fatty change, microacinar structures.

B: number of liver cells forming trabecular (LOT) width. Since reticulin loss and trabecular thickness assess essentially the same feature, only one 
of these contributes to the HCC score.

C: average per x100 (medium power field, MPF) field.

D: per 10x400 (10 high power fields, 10HPF) fields.

E: excluding post-treatment necrosis.



A five-grade scale was designed for the following histological! features; size, 

reticulin loss, trabecular thickness, capillarisation, solitary arteerioles, cellular 

atypia, mitotic activity.

Size. The evolution from cirrhotic liver to MRN, DN and HCC is usually 

accompanied by an increase in nodule size. In other words tthe greater the 

size of the lesion, the greater the likelihood that it is a dyspl«astic nodule or 

HCC (Anonymous et al. 1995; Bhattacharya et al. 19^5). Size was 

determined macroscopically as maximum diameter of thie lesion and 

expressed in mm. The following scale was used: grade 0 was given to 

nodules of size lesser or equal to 5 mm as this size liimit defines a 

regenerative nodule (Anonymous et al. 1995; Furuya et al. 1988) 

macroregenerative nodules usually measuring 5 to 15 mm (Anonymous et al. 

1995; Theise 1995; Kondo et al. 1990; Ferrell et al. 1993) and dysplastic 

nodules having a lower limit of 5-10 mm. (Anonymous et al. 1995;; Furuya et 

al. 1988). Grade 5 was given to all nodules of size greater than 30 mm 

(instead of a gradually increasing point scale directly proportional to size 

increase), as, in my opinion, above that threshold, HCC usually show 

histological features of overt malignancy and the histological components of 

the scoring system should give additional weight to the cumulative tfinal score. 

Therefore in the unlikely event of a non-malignant large nodular lesion, with 

no other contributing features of malignancy, the score should not increase 

much above 5 points.

Reticulin loss. This has been traditionally considered to be a diagnostic 

feature of HCC. An example of reticulin loss is shown in figure 3.1.
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Figure 3.1. Reticulin loss score 4 (right) in the same HCC as in figure 1 
compared to preserved reticulin stroma in adjacent cirrhotic parenchyma. 
Gordon and Sweet reticulin.
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The following scale was used: grade 0 was given when the reticulin stroma 

was preserved; mild, moderate and severe reticulin loss, grade 1 to 5 was 

defined by the number of liver cells included between residual strands of 

silver-staining reticulin, with grade 1 when liver plates were 3 cell-thick; and 

subsequent 1 cell increments up to grade 5 when liver plates were 7 cell-thick 

or more.

Trabecular thickness. This means the number of liver cells composing a 

hepatocyte plate and may be considered a corollary of reticulin loss (see 

above). In overt HCC, hepatocyte plates tend to be thicker than normal 

(Lefkowitch 2000; Anonymous et al. 1995) (Figure 3.2). Trabecular thickness 

was assessed using H&E staining and graded with the same criteria used for 

reticulin, (i.e. number of liver cells composing a hepatocyte plate, see above). 

Grade 0 was given when liver cell plates had a maximum thickness of 2 liver 

cells; grade 1 when liver plates were 3 cell-thick; and subsequent 1-cell 

increments up to grade 5 when liver plates were 7 cell thick. It is my 

impression that a block of cells thicker than a 7 cell block, without a supporting 

vascular stroma, becomes sharply necrotic at this point, i.e. I think this is the 

maximum thickness of HCC that can be nourished by diffusion.

Artérialisation and capiliarization. Number of solitary arterioles (Himeno et 

al. 1994; Nakashima et al. 1999; Kutami et al. 2000) and capillarisation 

(Dhillon et al. 1992) are related to the changes of vascular supply in the 

evolution of HCC from precursor nodular lesions including acquisition of a 

predominantly arterial vascular supply and of a diffuse pattern of expression 

of CD34 by sinusoidal endothelium. (Figures 3.3 & 3.4).

Capillarisation was graded as 0 when marginal (i.e. staining only septal 

endothelium and endothelium of limiting plate of the nodule); Patchy (grade 1- 

2) when non-confluent patches (grade 1= in one third of the nodule; grade 2 in 

at least two thirds of the nodule) showing diffuse CD34 immunostaining were
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Figure 3.2. A six cell thick, grade 4, tumour trabecular in a 
42 mm diameter HCC (HCC score=39). H&E.
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Figure 3.3b

Marginal capiliarization demonstrated by CD34 expression in the sinusoidal endothelium 
(score 0) in a 12 mm diameter macroregenerative nodule (HCC score 2, Figure 3.3a) as 
opposed to grade 3 capiliarization in a small 15 mm diameter HCC (HCC score 15, 
Figure 3.3b). DAB.

Figure 3.4. A intraparenchymal "solitary" artery without 
accompanying venous or biliary portal structures in the 
same tumour as Figure 1. H&E.
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seen; Incomplete (grade 3) when confluent areas showing diffuse CD34 

immunostaining were seen, occupying approximately 2/3 of the nodule; 

Diffuse incomplete (grade 4) when diffuse CD34 staining was seen in the 

whole nodule apart from scattered CD34-ve patches; Diffuse (grade 5) when 

the entire nodule stained for CD34.

Solitary arterioles: these where graded as shown in table 3.2, using medium 

(100x) power fields, on H&E sections (Kutami et al. 2000).

Cellular atypia and mitotic activity. The International Working Party 

included both cellular atypia and mitotic activity (Figure 3.5) in morphological 

diagnostic criteria of HCC (Anonymous et al. 1995). Cellular atypia was 

graded as mild (grade 1-2), moderate or severe (grade 4-5) depending on the 

similarity in terms of features such as nuclear contour, hyperchromatism and 

nuclear cytoplasmic ratio when compared to background cirrhotic liver with 

mild atypia described as minimal difference (and grade 1 or 2 depending on 

the extent of the changes within the nodule, grade 1 in 1/3 of the surface 

examined; grade 2 in 2-3/3 of the surface examined), severe atypia as 

prominent nuclear changes with marked pleomorphism and severe 

hyperchromatism (and grade 4 or 5 depending on the extent of the changes 

within the nodule, grade 1 in 1/3 of the surface examined; grade 2 in 2-3/3 of 

the surface examined), and moderate atypia as intermediate changes.

Mitotic activity was graded as shown in table 3.2, counting the number of 

mitoses in 10 (400x) high power fields (Anonymous et al. 1995).

As shown in table 3.2, two grades only were used for heterogeneity, necrosis, 

vascular invasion and capsular invasion. This was due to the perceived 

diagnostic importance of these features.

Heterogeneity. This term describes the morphological changes seen in a 

hepatocellular lesion and presumably related to the clonal evolution seen in
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Figure 3.5. Moderate, grade 3, cellular atypia and 
numerous mitotic figures (arrows), up to six in 10 High 
Power Fields in a 27 mm diameter HCC (HCC score=36). 
H&E.
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the development of hepatocellular carcinoma. This is evident morphologically 

for example as a "nodule in nodule pattern" and consists of areas with one or 

more morphological changes distinct from the parent nodule and often with 

compression of the parent nodule suggesting an increased growth rate. These 

morphological changes include small cell change, microacinar change, clear 

cell change (Figure 3.6), fatty change, groups of Mallory body or fibrinogen 

containing cells, and loss or accumulation of iron or bile compared to the 

background liver (Anonymous et al. 1995; Theise 1995).

Tumour necrosis usually occurs when cell growth exceeds the vascular 

supply and is usually seen in tumours at a relatively advanced biological 

stage. Necrosis was assessed only when it was "spontaneous" in the absence 

of previous history of pre-transplantation local treatment (e.g. trans-arterial 

chemoembolization, percutaneous ethanol injection etc.) (Figure 3.7).

The presence of heterogeneity, as described above, or necrosis would swing 

the balance towards a neoplastic hepatocellular lesion and I felt that a grade 3 

(intermediate in relation to the five-grade scale used for the other histological 

features described above) would be appropriate.

Invasion. Vascular invasion (Figure 3.8), capsular invasion or invasion of any 

adjacent structure as well as metastatic spread, is considered from a general 

pathological point of view a proof of malignancy. In the cirrhotic liver, the 

presence of invasion of adjacent structures would exclude MRN and DN 

(Kondo et al. 1994), and therefore, I decided to give 5 points to any of these 

features when present (maximum grade in relation to the five-grade scale 

used for the other histological features described above).
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Figure 3.6. An example of tumour heterogeneity with 
microacinus formation adjacent to an area of clear cell 
change in a 35 mm diameter HCC (HCC score=28). H&E.

Figure 3.7. Tumour necrosis. A 19 mm diameter HCC 
(HCC score 42) showing an area of coagulative necrosis 
due to pre-transplant local destruction therapy. In this case, 
tumour necrosis was not considered in the calculation of 
the scoring system. H&E.

•Vi

Figure 3.8. Vascular invasion in a 30 mm diameter HCC. A 
deposit of HCC is seen within a vascular structure. HCC 
score=15. H&E.
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Total score. I am indebted to Dr Maria Win nock (University of Bordeaux, 

France) for advice and guidance regarding the statistical methods that I have 

used. The total “HCC score" was calculated for each nodule and compared to 

the overall standard histological diagnosis. Kappa analysis was used to 

identify the best level of agreement between the standard histological 

diagnosis and the scoring system at different cut-off points, in order to identify 

ranges of scores corresponding to the overall standard histological diagnosis.

Since reticulin loss and trabecular thickness could be considered to assess 

essentially the same feature, I wanted to see whether the level of agreement 

showed any variation when either reticulin loss or trabecular thickness was 

considered individually compared to when used together in the calculation of 

the total score.

When maximal agreement occurs the value of k is 1 and when agreement is 

only what would be expected by chance, k is 0. In order to interpret the 

degree of agreement the following scale was used:

Agreement measure greater than 0.90 Excellent agreement

Agreement measure 0.71-0.90 Good agreement

Agreement measure 0.51-0.70 Moderate agreement

Agreement measure 0.31-0.50 Fair agreement

Agreement measure less than 0.31 Poor agreement

The scoring system was then applied to a second, separate set of 107 liver 

nodules (table 3.1), isolated during the routine diagnostic pathological 

examination of the cirrhotic livers removed from 33 patients (28 males and 5 

females, age range 39-69, median 56) who received liver transplantation at 

the Royal Free Hospital between 1996 and 1998 and during year 2001 for 

cirrhosis due to ALD (3 patients), ALD plus HCV infection (1 patient), 

cryptogenic disease (5 patients), HBV infection (9 patients), HCV infection (12 

patients), HBV/HCV infection (1 patient), primary biliary cirrhosis (PBC) (1
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patient), and Wilson disease (1 patient). For each nodule a Haematoxylin and 

Eosin (H&E) stained section was performed as part of the routine histological 

assessment, as well as a silver impregnation for reticulin fibres using the 

Gordon and Sweets method and an immunohistochemical staining for GD34 

and SMA (see chapter 2, materials and methods).

This second set of 107 nodules was combined with the first set of 105 nodules 

to produce a set of 212 nodules. This new set of 212 nodules was used for 

analysis of the data using multiple correspondence analysis (MCA). This is a 

method of analysis originally developed in France in the I960' s-70. It is an 

exploring technique allowing analysing and describing graphically and 

synthetically big contingency tables, i.e. tables containing some measure of 

correspondence between the rows and columns. The results provide 

information that is similar in nature to those produced by factor analysis 

techniques, and they allow one to explore the structure of categorical 

variables included in the table. No statistical signification tests are applied to 

the results and the main goal is to produce a “simplified” representation of the 
data.

In the present work, MCA was used to see how the total score of each nodule 

related to the other nodules and also the relationships between the individual 

components of the scoring system. This analysis was performed using the 

true values of the original observations, instead of the weighted values 

described above (e.g. the presence of heterogeneity or vascular invasion was 

given a value of 1, instead of the value of 3 or 5 respectively, as described 

above).
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3.3 Results

One hundred and five nodules were identified in the 35 cirrhotic livers. The 

overall standard histological diagnosis gave the following interpretations: 52 

HCC (median size: 15, range: 6-75 mm) 18 DN (median size: 11, range 6- 

24mm) and 35 MRN (median size: 9, range 5-21 mm) (Table 3.1).

The total score for each nodule is shown in table 3.1. The nodules diagnosed 

as HCC by standard histological examination showed a median score of 24 

(range 10 -  44), the nodules diagnosed as DN by standard histological 

examination showed a median score of 4 (range: 1 - 1 5 )  and the nodules 

diagnosed as MRN by standard histological examination showed a median 

score 1 (range: 0-11).

As shown in table 3.3, the overall standard histological diagnosis was first 

compared to the total score, for the nodules diagnosed as HCC and MRN by 

standard histological examination, because they represented the malignant 

and benign end respectively of these morphological categories, and the 

possibility of overlap of the overall scores would be minimal, in theory. 

Excellent agreement was obtained for cut-off points higher than 7 for HCC, 

with the best kappa value corresponding to a cut-off point of 8. In the case of 

MRN a good level of agreement was obtained when a cut-off of 3 was used.

Table 3.4 shows that when DN were included in the analysis, the degree of 

agreement between the standard overall histological diagnosis and the total 

score was good (k = 0.83), with a cut off of “ total HCC score 9 or more" for 

the diagnosis of HCC and with a cut off of 0-3 for MRN and 4-8 for DN.
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Table 3.3. Level of agreement, expressed as "kappa value", between 
standard histological diagnosis and scoring system at different cut off 
points for HCC and MRN.
Three total scores have been calculated considering either reticulin loss 
or trabecular thickness or both.

Score HCC cut off MRN cut off

Total score without trabecular thickness 
Total score without reticulin 
Total score including both reticulin loss 
and trebecular thickness.

7 8 9 
0.924 0.943 0.905 
0.924 0.924 0.905

0.924 0.943 0.943

1 2
0.646 0.809 
0.565 0.786

0.565 0.743

3
0.795
0.814

0.814

Table 3.4. Agreement, expressed as “kappa value” between standard 
histological diagnosis and scoring system at different cut off points for 
hepatocellular carcinoma, macroregenerative nodules and dysplastic 
nodules.
Three total scores have been calculated considering either reticulin loss 
or trabecular thickness or both.

Score MRN DN HCC K

cut-offs cut-offs cut-offs value

Total score without trabecular thickness 0-2 3-8 >8 0.81

0-3 4-8 >8 0.81

Total score without reticulin 0-2 3-8 >8 0.78

0-3 4-8 >8 0.81

Total score including both reticulin loss and 
trabecular thickness

0-2 3-8 >8 0.78

0-3 4-8 >8 0.83
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As shown in both table 3.3 and table 3.4, the best cut-off points performed 

better when both reticulin and trabecular thickness score where included in 

the calculation of the final score.

The second set of nodules included 107 nodules from 33 cirrhotic livers. The 

overall standard histological diagnosis gave the following interpretations: 54 

HCC (median size: 11.5, range: 2-70 mm) 14 DN (median size: 12.5, range 3- 

23 mm) and 39 MRN (median size: 10.5, range 5-20mm).

When the first and the second set were combined together, a total number of 

212 nodules (106 HCC median size 15, range 2-75 mm; 74 MRN median size 

10, range 5-21 mm; 32 DN median size 12, range 3-24 mm) were used for 

MCA.

The results of the MCA are shown in charts 3.1 to 3.3.

Chart 3.1 shows how MCA redistributes the different types of nodules (i.e. 

HCC, DN, and MRN as defined by routine histological evaluation), taking into 

consideration all variables of the scoring system except size. Each variable 

has a certain value in an axis, and the « position » in the chart represents the 

resulting point of different planes for a given nodule.

The most important factor is the horizontal one, representing a "malignancy" 

scale. In other words, the projection of every dot towards the horizontal line 

(e.g. three dotted lines in chart) shows how each nodule is placed in a 

"malignancy" scale. All HCC are placed in the left-hand side of the chart, 

whereas MRN are rather placed towards the other end.

Chart 3.2 shows the same observations as chart 3.1, but this time, taking into 

consideration the variable "size". The diameter of the dots varies according to 

the size of the nodule observed. Size does not seem to allow a classification
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of nodules, in other words HCC can be of all sizes, and large nodules are 

usually HCC. However small nodules are not necessarily MRN or DN.

Chart 3.3 shows how the individual variables (e.g. capsular invasion, vascular 

invasion etc) relate to each other, and how they are distributed along the 

"malignancy scale". As in charts 3.1-3.2 the horizontal line represents a "scale 

of malignancy". The projection of each group of values in the horizontal axis 

shows that the variables form a continuum, with capsular invasion being the 

"most" malignant feature, and absence of heterogeneity the "least" malignant 

feature. Table 3.5 shows how the groups of values depicted in chart 3.3 are 

distributed in the three types of nodular lesions.
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Chart 3.1. Multiple correspondence analysis on 212 nodules.

Facteur 2

0.4

.0 4

DN 32 
HCC 106 
MRN 74

-1 5 .0.5 0 0.5■1.0
Facteur 1

This chart shows how MCA redistributes the different types of nodules (i.e. 
HCC, DN, and MRN as defined by routine histological evaluation), taking into 
consideration all variables of the scoring system except size. Each variable 
has a certain value in an axis, and the « position » in the chart represents the 
resulting point of different planes for a given nodule.

Please note that the total number of « nodules » does not equal 212 because there is a 
certain degree of overlapping among observations and there is a lack of resolution in the 
chart.
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Chart 3.2. The relative lesionai size (depicted as blue dots) of the 

nodules shown in chart 3.1.

Facteur 2
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•
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Facteur 1

The diameter of the dots varies according to the size of the nodule 
observed. Size does not seem to allow a classification of nodules, in other 
words HCC can be of all sizes, and large nodules are usually HCC. 
However small nodules are not necessarily MRN or DN.

145



Chart 3.3 Distribution of variables along a "malignancy" scale, a s  shown in charts 3.1-3.3.

Facteur 2

■C17-3
•  Cb=1 ■ c»=2

■C11-4
" C l 3=2

•  C7.rf)
"C1ci7=0 

.C 1 5 - 0 - ' 'c i3 - 0

c5=M sctila r im a s io n  
c«=capsular n v a s k m  
c7=he4cro@cmc*y 
c9= re tic iilin  lo s s  
d 1 = « ra b e c tte  ttH ckness 
c13=capiHarisa«ion 
d S -s o W a ry  a rte rio le s  
d7=a(yp ia  
d S = fn to tic  actia ily

_^C13=1.
0

Facteur 1

The values of the variables (e.g. vascular invasion, capsular invasion etc) have been 
regrouped, i.e. the numbers depicted in the chart correspond to the original observations 
as follows;

Necrosis: 0=absent; 1=present 
Vascular invasion: 0=absent; 1=present 
Capsular invasion: 0=absent; 1=present 
Heterogeneity: 0=absent; 1=present
Reticulin loss: 0= score 0; 1= scores 1,2 and 3; 2= scores 4 and 5
Trabecular thickness: 0= score 0; 1= scores 1; 2= score 2; 3= score 3; 4= score 4; 5= score  ̂5
Capillarisation: 0= score 0.1, and 2; 1= score 3; 2= score 4; 5= score 3
Solitary arterioles: 0= score 0; 1= score 1; 2= score 2; 3= score  ̂3
Cellular atypia: 0= score 0; 1= scores 1,2; 2= score 3; 3= scores 4 and 5
Mitotic activity: 0= < no mitoses; 1= any number of mitoses

As in charts 3.1-3.3 the horizontal line represents a "malignancy scale". The projection of 
each group of values in the horizontal axis, shows that the variables form a continuum, 
with capsular invasion being the "most" malignant feature, and absence of heterogeneity 
the "least" malignant feature.
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Table 3.5. Redistribution by multiple correspondence analysis of the 
values of the variables composing the scoring system in the 3 groups 
HCC, MRN and DN.

POSITION FEATURE GRADE HCC DN MRN

Number 
(total 106)

% Number 
(total 32)

% Number 
(total 74)

%

1 Vascular
invasion

Present 27 25.5 0 0 0 0

2 Necrosis Present 17 16 0 0 0 0
3 Capsular

invasion
Present 44 41.5 0 0 0 0

4 Cellular atypia 4-5 30 28.3 0 0 0 0
5 Trabecular

thickness
>4 35 33 1 3 0 0

6 Mitosis any 50 47.2 0 0 0 0
7 Reticulin loss 4-5 47 44.3 0 0 0 0
8 Capiliarization 5 56 52.8 0 0 0 0
9 Cellular atypia 3 38 35.8 0 0 0 0
10 Solitary

arterioles
>2 23 21.7 1 3 1 1

11 Trabecular
thickness

4 27 25.5 3 9 0 0

12 Capiliarization 4 27 25.5 1 3 0 0
13 Solitary

arterioles
2 37 34.9 5 15 1 1

14 Heterogeneity Present 100 94.3 23 72 5 7
15 Reticulin loss 1-3 56 52.8 9 28 2 3
16 Solitary

arterioles
1 33 31.1 7 22 10 14

17 Capiliarization 3 19 17.9 8 25 2 3
18 Trabecular

thickness
<4 44 41.5 27 84 72 97

19 Cellular atypia 1-2 37 34.9 12 38 16 22
20 Necrosis Not

present
89 84 32 100 74 100

21 Vascular
invasion

Not
oresent

79 74.5 32 100 74 100

22 Capsular
invasion

Not
present

62 58.5 32 100 74 100

23 Mitosis Not
present

56 52.8 32 100 74 100

24 Solitary
arterioles

<1 13 12.3 19 59 62 84

25 Capiliarization 0-2 4 3.8 23 72 72 97
26 Cellular atypia 0 1 0.9 20 63 58 78
27 Heterogeneity Not

present
6 5.7 9 28 69 93

28 Reticulin loss 0 3 2.8 23 72 72 97

Position= This means the position of each variable in "malignancy scale" as shown in chart 3.4, i.e 
position number 1= left side o f the chart (higher "degree o f malignancy") and position 28= right side of 
the chart (lower degree o f malignancy).
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3.4 Discussion

3.4.1 Scoring system

This histological scoring system was specifically designed in order to evaluate 

systematically the histological features considered important for the 

histological assessment of HCC and its precursor nodular lesions in cirrhotic 

livers removed at transplantation. Furthermore, this systematic analysis 

would offer the opportunity to correlate with the molecular investigation of the 

present work and the clinical follow-up data.

In particular, the molecular study described in chapter 8 was based on the 

quantitative analysis of the genomic alteration of HCC and its putative 

precursors. Briefly, the hypothesis of the molecular work described in chapter 

8 was that the progression from putative precursor nodular lesions to HCC is 

associated with increasing genomic damage. Therefore I felt that the use of a 

scoring system would be helpful in investigating how the presumed increasing 

genomic damage correlates with the presumed accumulation of morphological 

changes in the progression towards HCC. I also considered the possibility of 

investigating how each individual histological feature correlates with the 

molecular changes. The inadequacy of the standard histological classification, 

as proposed by the International Working Party (Anonymous et al. 1995), has 

been pointed out by Yeh et al (Yeh et al. 2001) who failed to correlate the 

histopathological grading with the extent of genomic alterations in nodular 

lesions in cirrhotic livers. As the authors suggest, " a combined effort between 

pathologists and molecular geneticists is required to work out a consistent 

classification".
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In terms of the level of agreement between the total score and the standard 

histological classification, ideally, the cut-off points between the three 

categories should have been defined as the score for which kappa values 

were equal to one (i.e. in the absence of the over-lapping of scores of nodules 

belonging to the different overall histological categories).

The level of agreement was good, using the cut-off points shown in results, 

but not perfect. This was due to some "high and low scorers" in the MRN and 

DN categories (see table 3.6).

In the MRN category two nodules outscored the limits set by the kappa 

analysis. One MRN (Patient 22) scored 11, overlapping with the HCC range, 

and the other MRN scored 5 (Patient 5) overlapping with the DN range.

In the DN category, two nodules overlapped with the HCC range (Patients 17 

and 32 respectively) and seven were "low-scorers" overlapping with the MRN 

category.

HCC per so did not overlap with any other category, the lowest total score 

being 10.

The histology of the "high scoring" MRN and DN was reviewed. The MRN 

scoring 11 points was a 2.1 cm nodule with areas of haemorrhage, which may 

have accounted for the large nodular size and very occasional Mallory bodies, 

which accounted for the heterogeneity. No other heterogeneous features (e.g. 

small cell change, steatosis or microacinus formation) were present. The 

lesion scoring 5 points was a 0.7 cm nodule, which showed increased 

capiliarization. This probably underlines the need of further statistical 

evaluation to identify the relative weight to be attributed to each histological 

component of the scoring system (see next paragraph).

One "high scorer" DN was from patient 17. This nodule showed very peculiar 

histological features, including prominent fibro-vascular septa containing 

proliferating biliary-like ductules in a pattern reminiscent of focal nodular 

hyperplasia. The high score was due to the size, the heterogeneity (due to 

presence of Mallory bodies in periseptal hepatocytes) and the degree of 

sinusoidal capiliarization. This patient (who had also 6 mm diameter MRN, but
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Table 3.6. Individual features of "high and low-scorers" DN and MRN showing total histological scores overlapping 
with other categories.

Tumour Tumor Vascular Capsular Nodule Reticulin Trabecular Solitary Cellular Mitotic
Patient No. Nodule size necrosis invasion invasion heterogeneity loss thickness Capillarisation arterioles atypia activity S(

23
"Low-scorer"DN

DN 1 0 0 0 0 0 0 0 0 0 0 1
22 DN 2 0 0 0 0 0 0 0 0 0 0 2
23 DN 2 0 0 0 0 0 0 0 0 0 0 2
25 DN 2 0 0 0 0 0 0 0 0 0 0 2
28 DN 1 0 0 0 0 0 0 0 0 1 0 2
28 DN 1 0 0 0 0 0 0 0 0 1 0 2
28 DN 2 0 0 0 0 0 0 0 0 1 0 3

17
"High-scorer"DN

DN 2 0 0 0 3 1 1 3 0 1 0 11
32 DN 2 0 0 0 3 2 3 3 2 0 0 15

5
"High-scorer"MRN

MRN 1 0 0 0 0 0 0 3 1 0 0 5
22 MRN 4 0 0 0 3 1 1 2 0 0 0 11



not overt HCC) at 1year follow-up did not show any evidence of tumour 

recurrence or metastatic spread. The histological features and the hypotheses 

on the pathogenetic mechanisms of these lesions are discussed in details in 

chapter 4.

The DN from patient 32 (total score 15, 1.3 cm diameter), showed no unusual 

histological features (i.e. no features reminiscent of FNH), showing reticulin 

loss and heterogeneity due to fatty changes and microacinus formation.

As for the "low scorer" DN, a mild degree of cellular atypia was present in 

three of them, as shown in table 3.5, but the other histological components did 

not score any point. Further statistical analysis (see next paragraph) and 

correlation with molecular changes and clinical follow-up may help in clarifying 

the position of these high and low scorers in the evolutionary biological 

continuum of HCC progression.

3.4.2 Multiple correspondence analysis (MCA)

MCA is a descriptive technique, which identifies the best factor representing a 

set of data. In the present analysis it seems that the horizontal factor, which 

could be called “malignancy” is the most important one in representing the 

present data. The nodular lesions of the present study could be imagined as a 

“cluster” of dots in space, and the distance between two points depends on 

the plane used to look at them. For example, if the horizontal axis is used to 

look at two lesions, and the projections of these lesions are close together on 

that axis, these lesions may be considered to be at " a similar degree of 

malignancy". The same lesions on another plane may be very far apart from 

each other.

Interestingly, MCA redistributes the 212 lesions assessed by the components 

of the scoring system placing HCC at the left and MRN at the right of the 

"malignancy" scale, and DN in the middle. Therefore the "overall" assessment
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seems to correspond to the histological score, although some 

"misclassifications " are present, with overlap between different categories 

(chart 3.1), i.e. between HCC and DN and DN and MRN. In the previous 

paragraph I have discussed the overlap between different categories to see 

how cut-off points in the scoring system relate to the overall standard 

assignment. The significance of the overlap between different categories 

appears to be relative from the point of view of the MCA, as this analysis 

represents the nodular lesions as a continuum in a "malignancy" scale. 

Moreover (as shown in chart 3.1), one could also imagine different degrees of 

malignancy within the HCC subgroup. It would be interesting to investigate 

the prognostic significance of this "spectrum" of malignancy, and this will be 

the subject of further work when clinical follow-up data become available.

MCA has shown that large nodules are usually HCC, and that a small lesional 

size does not rule out HCC (e.g. three HCC of this series were 3 mm 

diameter). The question whether this is sufficient reason to recommend the 

use of needle biopsy for the assessment of small nodules in cirrhosis is 

discussed in the next paragraph. Interestingly, as shown in chapter 10, there 

appears to be a correlation between increase in histological score and 

increase in genomic alteration, regardless lesional size.

As shown in chart 3.3, MCA clusters and redistributes the values of the 

individual components of the scoring system except size along a "malignancy" 

scale. In other words the projection of every group of values of individual 

variables on the horizontal axis shows that these variables form a continuum 

in a "malignancy" scale. At the left side of the scale there are those groups of 

values present predominantly in HCC, and at the opposite end of the scale 

those values present predominantly in MRN and DN (see also table 3.5).

These data could be used to create an algorithm for the assessment of these 

nodular lesions. A possible model for an algorithm is shown in chart 3.4.
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Chart 3.4. Model of an algorithm for the histological assessment of 
HCC and its putative precursor nodular lesions in cirrhotic liver.
See text for description.

1 Vascular invasion 
Or

Capsular invasion 
Or

ITiree of the following:

□  Necrosis present
□  Cellular atypia = 3-5
□  Trabecular thickness >4
□  Mitosis present
□  Reticulin loss = 4-5
□  Capillarization =5

HCC

YES

NO
Boxes above and below are ticked, as 
appropriate. Features present in box 1 
( i f  less than three in total) are added 
up to box 3 (H C C  >  DN  >  M R N ).

2
a Necrosis not present
□ Vascular invasion not present
a Capsular invasion not present
□ Mitosis not present

HCC > DN > MRN DN > HCC > MRN MRN > DN > HCC

□  Capillarization = 4
□  Solitary arterioles >1
□  Heterogeneity present
□  Reticulin loss = 1-3
□  T rabecular thickness = 4

□  Capillarization = 3
□  Cellular atypia = 1-2

□  Trabecular thickness <4
□  Solitary arterioles <1
□  Capillarization = 0-2
□  Cellular atypia = 0
□  Heterogeneity = 0
□  Reticulin loss = 0
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The values shown in chart 3.4 and table 3.5 can be distributed into five main 

groups, depending on their proportional representation in the three categories 

HCC, DN and MRN. These five groups of values are organized in the 5 boxes 

of chart 3.5 as follows:

- Box 1= Values present, on average, in 36% of HCC but not present In MRN or DN;

- Box 2= Values present, on average, in all MRN and DN, and, on average in 67% of HCC;

- Box 3= Values present, on average, in 47% HCC, 37% DN and 20%MRN;

- Box 4= Values present, on average, in 31% DN, 26% HCC and 12% MRN;

- Box 5= Values present, on average, in 91% MRN, 63% DN and 11% HCC.

For example, a hypothetical lesion is assessed using the scoring system. The 

values (i.e. original observations) or denomination (i.e. present/absent) of 

each component of the scoring system is allocated to each box.

Box 1 contains those values that in my series of 212 nodules were identified, 

on average, in 36% of HCC, in none (except 1) of DN, and in none of the 

MRN. If vascular or capsular invasion were considered as evidence of 

malignancy, than the presence of either would define a lesion as HCC. Three 

of the remaining values of box 1 would be suggestive of HCC.

If these criteria are not fulfilled, then the number of values in box 1 together 

with any value of box 3 is balanced against the number of values in boxes 2, 

4, and 5, which represent those values observed (in my series of 212 

nodules) more frequently in either MRN or DN. If the balance is in favour of 

either MRN or DN (i.e. more values in boxes 2, 4, and 5), the number of 

values in box 4 and 5 could be used to decide whether the lesion is more 

likely to be DN or MRN (any value of box 1 or 3 could be used in favour of DN, 

and added to any value of box 4). An even balance would favour DN.
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This algorithm is hypothetical, and represents just a possible application of the 

scoring system. The idea of including all variables in the evaluation tree has 

the advantage that the final assignment does not rest on a single feature (or 

sum of features), but on the balance of all components. For example, the high 

scores of the MRN of table 3.6 (see previous paragraph) were due to 

(regardless of size) capillarization, and a combination of heterogeneity, and 

capillarization respectively. The algorithm would classify these lesions as 

MRN, on balance.

3.4.3 Further considerations

The scoring system has to be tested for inter and intra-observer variability 

(Scheuer 1996). If an acceptable level of agreement is found then the scoring 

system may facilitate the comparison of clinical, pathological and molecular 

studies without the complication of adapting and translating one nomenclature 

into the other. Despite the consensus document published by the International 

Working Party (Anonymous et al. 1995), the terminology used in the literature 

is still confusing, particularly due to the use of different classifications and 

different histological criteria by different centres (Kojiro 2000). In fact, the bulk 

of the relevant literature offers few clues about which precise observations 

allocated any particular lesion (however named) into the given categorical 

assignment. Assessment of individual features may provide more accurate 

data compared to "overall diagnosis", to define objectively what is meant by 

"atypia" of liver nodules (Terasaki et al. 1998). It is my intention to test the 

intra and interobserver variability of this histological scoring system, and this 

will be the subject of further work.

How the scoring system could be applied to routine histological work is 

unclear, as yet. The scoring system was designed for the assessment of 

nodules identified in livers removed at transplantation for the purpose of 

correlation with quantitative molecular analysis and clinical follow-up. I have
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not tested, the prognostic value of the scoring system, and it is my intention to 

do so when sufficient follow up data is available. Even though the prognosis of 

cirrhotic patients with HCC depends not only on tumour-related factors, but 

also on the severity of any underlying liver dysfunction and patient 

performance status (Ebara et al. 1986; Johnson et al. 2000), it would be 

interesting to see if patients with overt HCC with a relatively low score have a 

different outcome compared to "high scoring" overt HCC. If the scoring system 

has prognostic value, it could be used as part of the histological evaluation of 

overt HCC identified in livers removed at transplantation.

The prognostic value of the histological scoring system could also be tested 

on HCC arisen in non-cirrhotic livers and removed by surgical resection. 

Presumably in these patients performance status and severity of liver 

dysfunction have a lesser impact (compared to cirrhotic patients) on the 

outcome and therefore the histological assessment could give a major 

contribution to the prognosis.

The EASL panel on HCC (Bruix et al. 2001) has recommended the use of 

biopsy for the assessment of nodules 1-2 cm diameter, during the surveillance 

of cirrhotic patients. A minority of small HCC may be high grade, and the 

diagnosis will not be difficult (except that a small high grade tumour raises the 

possibility that it is a metastasis). However most HCC of this size will be well 

differentiated and difficult to recognize. My personal view is that the 

histological criteria for the diagnostic assessment of liver nodules in cirrhosis 

are inadequate, in most cases for this exacting task, especially with this size 

range of nodules, the confusion about nomenclature and given our present 

state of knowledge (Quaglia et al. 2001). In particular the histological 

assessment of biopsy samples is hindered by sampling error (Huang et al. 

1996). I do not think that the use of the scoring system would solve this 

inadequacy. At the moment, I do not envisage the application of the scoring 

system for the histological assessment of biopsy samples during the clinical
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surveillance of cirrhotic patients. However, work such as that described here 

may help to define important features when the whole lesion is available for 

study, and these features (histological and molecular) may be applicable to 

smaller needle biopsies in the future.

In summary, the histological score I have described should give more precise 

indication of the position of a hepatocellular lesion in the benign to malignant 

evolutionary spectrum. In order to validate this scoring system, further work 

was performed to compare scores with molecular and clinical follow-up data.

This molecular analysis consisted of the assessment of clonality and genomic 

heterogeneity. Monoclonality is said to identify neoplastic cell populations but 

does not indicate malignancy. Malignancy is associated with tumour 

progression, with increasing tumour grade and tumour heterogeneity as 

malignant neoplasms acquire the capability of invasion and metastasis. The 

identification of genomic heterogeneity within a neoplastic population (defined 

for present purposes by monoclonality) implies that spontaneous genomic 

mutations have occurred which may eventually lead to frank malignancy. The 

assessment of the degree of genomic damage within a heterogeneous 

neoplastic population may indicate how advanced this progression is, and 

may be used for correlation with phenotypic (i.e. histological) and clinical 

variables (Arribas et al. 1997).

In chapters 5, 8, and 9 I describe my work on clonality, genomic heterogeneity 

and the establishment of the molecular techniques involved. The correlation 

between the histological assessment, the molecular analysis and the clinical 

data is discussed in chapter 10.

In the next chapter the pathogenesis and histological features of a number of 

lesions reminiscent of FNH in cirrhotic liver, identified as the "high scoring" DN 

described above, are discussed.
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CHAPTER 4

Focal nodular hyperplasia-like areas 

in cirrhosis
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4.1 General considerations

Focal nodular hyperplasia (FNH) usually occurs in non-cirrhotic livers. The 

International Working Party (Anonymous et al. 1995) defined FNH as " a nodule 

composed of benign-appearing hepatocytes occurring in a liver that is otherwise 

histologically normal or nearly normal". Very few studies in the literature have 

reported the occurrence of FNH-like lesions in chronic liver disease (Terada et 

al. 1993; Sugihara et al. 1990; Tanaka et al. 1998; Libbrecht et al. 2001). I 

describe five cirrhotic patients with a total number of 12 FNH-like lesions in the 

explant livers, two of which were detected by imaging prior to liver 

transplantation and suspected as hepatocellular carcinoma. It is important to 

recognize that FNH-like lesions may occur in cirrhosis and they should be 

considered in the differential diagnosis of liver nodules in this context.

4.2 Material and Methods

Between January 1998 and June 2001 146 liver transplants were performed at 

the Royal Free Hospital for cirrhosis of the liver. As per the standard sampling 

protocol in use in the Department of Histopathology (see chapter 2), livers 

removed at transplantation were sliced into 1 cm thick transverse sections, 

formalin-fixed and examined as part of the routine histopathological assessment. 

Nodules which were distinct from the background cirrhotic liver (e.g. large size, 

bulging cut surface, pale/green or variegated appearance) were sampled and 

paraffin embedded. Histopathological diagnosis of these nodules was carried out 

according to the criteria defined by the International working Party (Anonymous 

et al. 1995), using routine Haematoxylin-Eosin stained sections. Other stains 

used included the Gordon Sweet reticulin stain and immunohistochemistry for 

CD34 (QBend-10) (Dhillon et al. 1992) (see chapter 2). The histological criteria 

to define FNH were the presence of intranodular fibrous septa and areas of
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fibrous scarring resembling portal tracts, containing arteries and ductular 

proliferation (Anonymous et al. 1995; Nguyen et al. 1999).

4.3 Results

Out of a total number of 146 cirrhotic livers removed at transplantation, 63 livers 

had 240 distinct hepatocellular nodular lesions detected at pathological 

examination, including 71 hepatocellular carcinomas (HCC) (40 patients), 36 

dysplastic nodules (DN) (20 patients) and 121 macroregenerative nodules 

(MRN) (40 patients). In five of these livers (3.4% of the total number of cirrhotic 

livers and 8% of the cirrhotic livers with distinct nodular lesions), an additional 12 

nodules (5% of the total number of distinctive nodular lesions in 63 cirrhotic 

livers) showed features reminiscent of FNH (Table 4.1). The size of these lesions 

ranged from 4 to 23 mm (median 10.5 mm). These five patients and the details 

of the nodules identified in their livers are shown in Table 4.2. Tables 4.3a and 

4.3b show the details of the 141 patients with either cirrhotic liver without discrete 

nodular lesions or cirrhotic liver showing a combination of MRN, DN and HCC at 

pathological examination. Eighty-three livers showed cirrhosis only, at 

pathological examination, with no other identifiable lesions, except one patient 

affected by HBV liver disease in whose explant liver multiple simple cysts, (8 mm 

diameter on average) were identified at pathological examination.

Three (1.2% of the 240 distinct nodular lesions) FNH-like lesions (12,23 and 

23mm diameter respectively) from 2 patients had been detected by imaging 

during pre-transplantation work-up and the possibility of HCC was raised, 

clinically. Abdominal ultrasound 10 weeks prior to transplantation of Patient 1 

showed a hypo-echoic lesion measuring 21x17 mm. This lesion was not evident
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Table 4.1. Number, percentages and sizes of nodules identified in 
the study population.

MRN DN HCC FNH-like Total

Number of nodules 

(percentage total 

number of nodules)

121 (50) 36 (15) 71 (30) 12(5) 240(100)

Number of patients 40 20 40 5 146*

% of 63 

patients with 

liver nodules

63.5 31.7 63.5 8 n.a*

% of 146

cirrhotic

patients

27.3 13.6 27.3 3.4 n.a*

SIZE MEDIAN (mm) 9 11.5 19 10.5 11#

RANGE (mm) 3-25 6-40 2-75 4-23 2-75

Legend. MRN= Macroregenerative nodule; DN= dysplastic nodule; HCC= 
hepatocellular carcinoma; FNH-like lesion= focal nodular hyperplasia-like lesion.

*total ^ the sum of each components in this table due to the various 
combinations of multiple nodules in some of the explant livers (see also table 
3b).
# Median of MRN, DN and HCC without FNH-like lesion =11.
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Table 4.2. Clinical details and description of nodules identified in the explant livers of five patients with FNH-like 

lesions.

Patient Age, sex Disease Pre-transplantation imaging Macroscopic feature Size measured in the explant liver Location Histological Diagnosis

1 63, Female CLD Detected Bile stained 23 mm Right lobe FNH
1 Not detected Tan 6 mm Right lobe MRN
2 51, Male HBV Detected Tan, central scar-like area 23 Right lobe FNH
2 Detected Tan 12 mm Right lobe FNH
3 47, Female PBC Not detected Green-brown 10 mm Right lobe FNH
3 Not detected Pale tan 4 mm Left lobe FNH
3 Not detected Pale tan 11 mm Right lobe FNH
3 Not detected Dark brown 5 mm Left lobe Haemangioma
4 62, Female HCV Not detected Green 6 mm Left lobe HCC
4 Not detected Pale tan 9 mm Right lobe MRN
4 Not detected Pale tan 10 mm Right lobe MRN
4 Not detected Green 9 mm Right lobe FNH
4 Not detected Green 18 mm Right lobe FNH
4 Not detected Pale tan 14 mm Right lobe MRN
4 Not detected Green 6 mm Right lobe FNH
4 Not detected Green 9 mm Right lobe MRN
4 Not detected Green 7 mm Right lobe FNH
5 44, Female HCV Not detected Dark tan 10 mm Right lobe FNH
5 Not detected Pale tan 22 mm Left lobe FNH

CLD= Cryptogenic liver disease; HBV= Hepatitis B; HCV= Hepatitis C; PBC= Primary Biliary Cirrhosis; MRN = Macroregenerative nodule, DN= 

Dysplastic noduie, HCC=Hepatocelluiar carcinoma.



Table 4.3a. Overall size median and range of MRNs, DNs and 

HCCs. The five patients with FNH-like lesions are not 
included in this table.

MRN DN HCC

Number of nodules (patients) 116 (38) 36 (20) 70 (39)

SIZE MEDIAN (mm) 9 11.5 19

RANGE (mm) 3-25 6-40 2-75

Table 4.3b. Male female ratio and age in the different nodule
type combination. The five patients with FNH-like lesions
are not included in this table.

Male/Female Age Age
Males Females ratio range median

Overall 89 52 1.7 18 to 68 51
Cirrhotic only 42 41 1 22 to 66 51
DN(s) & MRN(s) 5 0 0 35 to 55 47
HCC(s) & DN(s) 4 1 4 41 to 66 45
HCC(s) & MRN(s) 8 1 8 45 to 68 55
HCC(s) only 12 3 4 39 to 62 52
HCC(s), DN(s) & MRN(s) 10 0 0 35 to 60 56.5
MRN(s) only 8 6 1.3 18 to 61 47
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on triple phase helical CT scan, but on MRI appeared as a focal nodule in 

segmente of the liver with increased signal on both T1 and T2-weighted images. 

Following dynamic gadolinium enhancement the lesion demonstrated arterial- 

phase peripheral rim enhancement with homogenous enhancement in the late 

portal venous phase. There was no evidence of central scarring. Multiple small 

low signal nodules throughout the remaining parenchyma were thought to be 

simple regenerative nodules. In Patient 2, abdominal ultrasound 6 months prior 

to transplantation, showed a single hyper-echoic, 18 mm diameter lesion and a 

subsequent triple phase helical CT scan showed a 7mm lesion in segment 6 and 

a 15mm lesion in segment 8, both seen as hypervascular foci during arterial 

phase enhancement only. Subsequent lipiodol-CT showed moderate retention of 

lipiodol in the segment 8 lesion, but not in the segment 6 lesion. These 2 livers 

represented 1.3 % and 3.1 % of the total number of cirrhotic livers and the 

cirrhotic livers with distinct nodular lesions respectively, in this study period. 

Pretransplantation CT, MRI and lipiodol-CT imaging of the remaining 3 patients 

showed no evidence of focal liver lesions.

Grossly, these FNH-like lesions were well demarcated, and 1 lesion (23 mm 

diameter. Patient 2) had a central fibrous scar-like area. In Patient 1, a 23 mm 

deeply bile stained nodule was found in the right lobe (Figure 4.1a). Figure 4.1 b 

shows the macroscopic appearances of an 11 mm diameter lesion (Patient 3). 

Histologically 8 of these lesions were demarcated from the surrounding cirrhotic 

liver by a thin rim of fibrous tissue. The other 3 nodules merged with the adjacent 

cirrhotic liver.

The histological features of these lesions are summarised in table 4.4. All these 

lesions showed a nodular architecture (Figure 4.2a) with mildly inflamed vascular 

fibrous septa and fibrous scar-like areas containing a predominantly lymphocytic 

type infiltrate with ductular proliferation (Figures 4.3 and 4.4). The fibrous septa 

separated nodules and cords of hepatocytes. The septal vascular structures 

consisted of small arteries, unaccompanied by bile ducts and small vein-like
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Table 4.4. Microscopic features of FNH-like lesions.

ON

Case Size
(mm)

Border
circumscribed 
by fibrous 
tissue

Large sized 
arteries 
adjacent to 
lesion*

Intraparenchymal 
unpaired arteries

Liver ceil 
atypia

Canalicular
cholestasis

Cholate-stasis in periseptai hepatocytes Stenosis/obliteration 
of vascular 
structures

Capillarisatio
n
(CD34)

Reticulin
stroma.

Presence o f Copper- Presence o f
associated protein Mallory bodies
deposition and/or

ballooning

1 23 Yes Present, Present Not Yes Yes Yes No Increased Increased
Intimai present
hyperplasia

2 23 Yes Present Not present Not Yes Yes No No Increased Preserved
present

2 12 No Not present Not present Mild Yes Yes No No Increasec Focally
-■educed

3 10 No Not present Not present Not Yes Yes No No Marginal Preserved
present

3 4 No Present Not present Not Yes, with cholestatic Yes No Focal stenosis in Marginal Preserved
present rosettes. cirrhotic liver adjacent

to the lesion.
3 11 No Not present Not present Not Yes Yes No No Margina Preserved

present

4 9 Yes Present Not present Not Yes Yes Yes No
present

4 18 Yes Present Not present Not Yes Yes Yes No Marginal Preserved
present

4 6 Yes Present Present Not Yes No Yes No
present

4 7 Yes Present Not present Not Yes No Yes No
present

5 10 Yes Present Not present Not Yes Yes Yes Fibrous obliteration of Marginal Increased
present vascular structures

5 22 Yes Present Present Not No Yes No close to the hylum, Marginal Increased
present and in the vicinity of

smaller lesion

* All arteries accompanied by a similar size bile duct.



Figure 4.1a. Patlentl. Bile stained 23 mm 
diameter FNH-like lesion and adjacent 
cirrhotic liver.

Figure 4.1b. A pale subcapsular 11 mm 
diameter nodule in the right lobe of 
patients.

Figure 4.2a. The architecture of a 18 mm 
diameter FNH-like lesion (patient 4) and 
adjacent cirrhotic liver. Chromotrope 
aniline blue.

Figure 4.2b. The architecture of a 6 mm 
diameter MRN (patient 1). Same 
magnification as figures Sa. Chromotrope 
aniline blue. Scale on the right of the 
image= 10 mm
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Figure 4.3. Central scar in a 23 mm diameter FNH-like lesion from patient 2. 
25x. H&E.

□ure 4.4. Patient 1. Afibro-vascular seotum with a mild Ivmohocvtic infiltraFigure 4.4. Patient 1 .Afibro-vascular septum with a mild lymphocytic infiltrate. 
The interface with the liver parenchyma shows ductular proliferation and cells 
with appearances intermediate between hepatocytes and ductular cells. 10Ox. 
H&E.
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vascular structures. Unpaired small arteries were seen in the liver parenchyma of 

3 lesions (table 4.4) At the interface between the nodular liver parenchyma and 

the fibrous septa there were cells of morphology intermediate between ductular 

cells and hepatocytes (Figure 4.4). The histological features of 

these lesions are summarized in table 4.4. All lesions except 1 showed 

canalicular cholestasis, and cholestatic rosettes were present in one nodule 

(Patient 3, table 4.4). Evidence of cholate stasis was seen in all lesions with liver 

cell ballooning/Mallory hyaline and/or copper associate protein deposition in 

periseptai hepatocytes (Figures 4.5 & 4.6). The majority (nine lesions, size range 

4-22 mm, median 10mm) of these lesions showed a predominantly marginal 

sinusoidal pattern of CD34 expression, as seen in cirrhotic liver. Patchy 

sinusoidal capillarization was present in 3 lesions (12, 23 and 23 mm diameter 

respectively. Patients 1 and 2). In the areas of sinusoidal capillarization the 

stromal reticulin was either preserved (9 lesions) or increased (3 lesions), and no 

overt reticulin loss was identified in any of these 12 nodules (Figure 4.7), but it 

was focally mildly reduced in the 12 mm diameter nodule of case 2. This nodule 

showed a mild degree of cellular atypia but no steatosis, clear cell changes or 

microacinus formation was identified neither in this nodule nor in any of the other 

nodules. The background liver in all cases showed a cirrhotic architecture. The 

cirrhotic liver immediately adjacent to nine lesions showed prominent arteries, 

always accompanied by a bile duct of matching size (Figure 4.8). In one case 

(Patient 1 ), there was focal intimai hyperplasia (Figure 4.9), but otherwise these 

arteries showed normal histological features. Fibrous obliteration or stenosis of 

vascular structures was identified in two cases (Patient 3 and 5). In Patient 3, 

stenosis was focally identified in the cirrhotic liver adjacent to one of the lesions 

(Figure 4.10a), whereas in Patient 5 these vascular changes were more 

widespread, involving also large vascular structures close to the hepatic hilum 

and consisted of fibrous obliteration of the lumen of vascular structures (Figure 

4.10b). Recent thrombosis was not identified in any of the cases.
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Figure 4.5. Patient 1. 23 mm diameter FNH- 
like lesion. Ductular proliferation (left), bile 
plugs (arrowheads) and Mallory hyaline 
(arrow) at the interface between liver 
parenchyma and a fibrous septum. X400. 
H&E.

Figure 4.6a. A 23 mm diameter FNH-like 
lesion from patient 2. Copper-associated 
protein deposition in peri-septal hepatocytes. 
100 X. Victoria Blue.

W K
:V

Figure 4.6b. Periseptai hepatocytes 
showing no copper-associated protein 
deposition, in the adjacent cirrhotic liver. 
10Ox. Victoria Blue.

Figure 4.7a. 23 mm diameter FNH-like 
lesion. Patient 1. Preserved and partly 
increased reticulin stroma. Same field as 
figure 4.7b. x25. Gordon & Sweet reticulin.

Figure 4.7b. 23 mm diameter FNH-like 
lesion. Patient 1. Patchy distribution of 
sinusoidal capillarization with diffuse 
increase around septal areas. Same field 
as figure 4.6b.x25.CD34 immunostaining 
(APAAP).

Figure 4.8. Patient 5. A large artery 
accompanied by a bile duct of similar size, in 
the cirrhotic liver immediately adjacent to a 22 
mm diameter FNH-like lesion. X100. H&E.
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Figure 4.9a. Patient 1. An artery in the 
cirrhotic liver immediately adjacent to a 
23 FNH-like lesion displays focal intimai 
hyperplasia. X25. Gordon sweet reticulin.

Figure 4.9b. Closer view of the focus of 
intimai hyperplasia. X100. H&E.

Figure 4.10a. Patient 3. Stenosis of a vascular 
structure in the cirrhotic liver adjacent to a 4 
mm diameter FNH-like lesion. X100. H&E.

Figure 4.10b. Fibrous obliteration of vascular 
structure in the cirrhotic liver of patient 5. 
H&E. X I00.

Figure 4.11 a. patient 1.6 mm diameter MRN 
(same lesion as in figure 2 and 3). Low 
power view of nodule architecture with a 
predominant hepatocellular component and 
scattered portal tract-like areas. x25. H&E.

Figure 4.11b. patient 1. Closer view of 
portal tract-like area in figure 4.11a, 
showing an artery accompanied by a bile 
duct and mild inflammation. x25. H&E.
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As shown in table 4,2, in 2 livers, other distinct nodules different from these FNH- 

like lesions were also identified. The liver of Patient 1 showed a 6 mm diameter 

MRN (figures 4.2b and 4.11). The liver of Patient 4 showed 4 MRN (size range 9 

to 14 mm, median 9.5 mm) and one 6 mm diameter HCC. A 5 mm diameter 

haemangioma was seen in Patient 3, approximately 60 mm away from the 

nearest FNH-like lesion.

4.4 Discussion

The occurrence of FNH-like lesions in livers with chronic disease has been 

described rarely (Sugihara et al. 1990; Libbrecht et al. 2001; Terada et al. 

1993; Tanaka et al. 1998; Quaglia et al. 2000). In this study, I describe 12 

nodular lesions resembling FNH in five cirrhotic livers. These livers represent 

3.4% of a total number of 146 consecutive cirrhotic livers (and 8% of the sub

group of 63 cirrhotic livers with distinct nodular lesions identified at pathological 

examination) examined during a 2 years and 6 months period at the Royal Free 

Hospital. As in the 2 cases reported by Terada et al (Terada et al. 1993) and the 

single case reported by Sugihara et al (Sugihara et al. 1990), in two of these 

patients (1.4% of the study population) three lesions (12,23 and 23 mm 

diameter) were detected during the pre-transplantation imaging work-up and 

there was a clinical suspicion of HCC. Given that large HCC in the setting of 

cirrhosis may be diagnosed clinically, without confirmatory biopsy (Bruix et al. 

2001), large or multiple hypervascular FNH-like lesions within the setting of 

cirrhosis might dramatically affect the decision not to transplant individual 

patients, with the presumption that the patient has a poor prognosis HCC. At the 

Royal Free Hospital, FNH-like lesions in cirrhosis represent a small but still 

clinically significant percentage of the total number of nodular lesions identified in 

cirrhotic livers. FNH-like lesions may cause problems of differential diagnosis 

with HCC and therefore may influence the management and the treatment of
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cirrhotic patients.

Histologically these lesions are very similar to, if not indistinguishable from, 

typical FNH in non-cirrhotic livers. In their series of 305 lesions from 168 non- 

cirrhotic livers, Nguyen et al (Nguyen et al. 1999) classified FNH into two main 

categories, classical and non-classical FNH. The latter included FNH 

telangiectatic, FNH mixed, and FNH with cytological atypia. The lesions 

described in the present report would theoretically fit into the category of 

classical FNH (Nguyen et al. 1999), apart from the cirrhotic background liver. In 

particular they appear to be very similar to the subgroup of 92 (out of 245) 

classical FNHs devoid of a central scar and showing small calibre vascular 

structures in inflamed fibrous septa, intense ductular proliferation as well as cells 

with intermediate morphology between cholangiocytes and hepatocytes at the 

interface between liver parenchyma and fibrous septa. In one of the present 

cases (Patient 2) there was a central scar (figure 4.3) but unlike the classical 

FNH described by Nguyen et al (Nguyen et al. 1999), large and tortuous arteries 

with intimai or muscular hyperplasia were not seen in this scar and its vascular 

component consisted of small arteries and small vein-like structures. Typical 

FNH in non-cirrhotic livers shows a “stalk” region containing an artery larger than 

expected for the location in the liver and for the accompanying duct (Anonymous 

et al. 1995). Nine lesions of the present series showed prominent arteries in the 

immediately adjacent extralesional cirrhotic tissue and all of them were 

accompanied by a bile duct of similar size. One of these arteries showed intimai 

hyperplasia (Figure 4.9).

Cholestasis with bile plugs, copper-associated protein and Mallory bodies is 

frequent in typical FNH (Anonymous et al. 1995), although among the 245 

classical forms described by Nguyen et al (Nguyen et al. 1999) periseptai 

Mallory bodies and canalicular cholestasis were seen in 24 and 36 cases 

respectively. Bile plugs and features of cholate stasis were seen occasionally in 

typical FNH in non-cirrhotic livers in the study by Roskams et al (Roskams et al.
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1996). In the present series features of canalicular cholestasis and/or cholate 

stasis were observed in all lesions (Table 4.4 and figures 4.5 & 4.6).

The lesions described in this report appear to be similar overall, to those few 

cases of FNH-like lesions in livers with cirrhosis or chronic disease reported by 

other authors (Sugihara et al. 1990; Libbrecht et al. 2001; Terada et al. 1993). 

The common denominator morphologically, of these lesions appears to be the 

lobular architecture with mildly inflamed areas of fibrous scarring and fibro- 

vascular septa containing ductular proliferation. In the present series, as in the 

cases described by Libbrecht et al (Libbrecht et al. 2001), I could not identify 

intra-lesional bile ducts or portal tracts, in contrast to the lesions described by 

Sugihara et al (Sugihara et al. 1990) and Terada et al (Terada et al. 1993), 

respectively. In view of the presence of intra-lesional portal tracts, Terada et al 

(Terada et al. 1993) concluded that the two lesions described in their study were 

"adenomatous hyperplasia" resembling FNH.

Tanaka & Wanless (Tanaka et al. 1998) and Wanless (Wanless 1994) described 

large, at least 5 mm diameter, regenerative nodules histologically similar to FNH 

in nine cirrhotic livers resected from patients with Budd-Chiari syndrome and also 

one large nodule in a liver with "congestive cirrhosis" (Wanless et al. 1995a). 

These nodules were characterized by a branching arterial tree accompanied by 

fibrous stroma, cholestatic changes and ductular proliferation in half of them. The 

proposed pathogenetic mechanism of these lesions was a sequence of ischemia 

related to a combination of hepatic and portal vein thrombosis, with consequent 

hepatocellular growth in areas of residual hepatic vein drainage and new arterial 

growth (neoangiogenesis). None of the five patients described in the present 

work had Budd-Chiari syndrome. Sugihara et al (Sugihara et al. 1990) proposed 

that the common alterations of the hepatic vascular architecture occurring in 

chronic liver disease and particularly in cirrhosis, may have been responsible for 

the increase in the number of arteries in an area of the liver or in already
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developed macroregenerative/dysplastic nodule, stimulating hepatocellular 

hyperplasia. Alternatively, particularly in the context of cirrhosis, the primary 

vascular anomaly may affect the venous compartment. In the present series 

fibrous obliteration or stenosis of vascular structures was identified in two cases 

(Table 4.4 and figure 4.10). Wanless et al (Wanless et al. 1995b) have shown 

that hepatic and portal vein thrombosis occur frequently in cirrhosis not caused 

by primary hepatic vein disease. In their study of 61 cirrhotic livers they found 

features suggestive of healed hepatic or portal vein thrombosis in 70% and 36% 

of livers, respectively. Hepatic vein damage was seen in association with regions 

of confluent fibrosis (designated "focal parenchymal extinction"), and portal vein 

damage was seen in association with local enlargement of regenerative nodules 

creating a portal-central pattern reminiscent of partial nodular transformation 

(which is associated with portal vein thrombosis in non-cirrhotic livers). 

Interestingly, no FNH-like lesions were described in that series. However, FNH is 

similar histologically to partial nodular transformation, but appears grossly as a 

peripheral solitary well-encapsulated mass (Sherlock et al. 1966). In the report 

by Tsui and So (Tsui et al. 1993) the presence of sclerosed portal tracts 

displaying irregularly branching bile ducts (in a similar pattern to FNH) within an 

area of partial nodular transformation in a child was considered a reaction 

peculiar of the infantile liver, as it had not been described before in previous 

cases of partial nodular transformation. After reviewing the hepatic histology of 

2500 consecutive autopsies in cirrhotic and non-cirrhotic livers, Wanless 

(Wanless 1990) identified a spectrum of lesions (including entities defined until 

then by terms such as nodular regenerative hyperplasia (NRH), focal nodular 

hyperplasia and partial nodular transformation) representing a relatively non

specific response to heterogeneity of hepatic blood supply. Wanless proposed 

that those lesions should be encompassed by the term "nodular transformation" 

(defined as regions of atrophy juxtaposed to normal or hyperplastic regions) and 

subdivided depending on the size (micro/macronodular transformation) and their 

pathogenetic mechanism. Therefore FNH was considered the result of

;74



hyperaemia (Nodular transformation, hyperaemic) and partial nodular 

transformation the result of ischemia (nodular transformation, ischaemic), 

secondary to focal augmentation of blood flow and obliteration of portal veins, 

respectively (Wanless 1990). The cut off between micro and macronodular 

transformation was set at 10 mm, and Wanless referred to a previously 

published case (Wanless et al. 1985a) in this respect. The case report of a 

patient with nodular regenerative hyperplasia composed of multiple nodules 

ranging from few mm to 3 cm diameter, in a Budd-Chiari syndrome by de Sousa 

et al (de Sousa et al. 1991) supported the hypothesis of this spectrum of 

regenerative lesions as proposed by Wanless (see above), but without taking 

into account the proposed cut-off of 10 mm for the distinction between micro and 

macronodular transformation (see above and reference (Wanless 1990). In 

addition, de Sousa et al (de Sousa et al. 1991) proposed that each nodule of 

NRH should meet the definition of a minute hepatocellular adenoma and that 

some of the large nodules were indistinguishable from hepatocellular adenoma 

except for the lack of partial encapsulation.

The International Working Party chaired by Wanless (Anonymous et al. 1995) 

later defined partial nodular transformation as an alternative term to multiacinar 

nodule and proposed that the alternative term (partial nodular transformation) 

should be discontinued. The International Working Party suggested that the main 

difference between multiacinar (large) regenerative nodules and focal nodular 

hyperplasia was the presence of normal or nearly normal surrounding tissue in 

the latter (Anonymous et al. 1995).

In their description of two cases of FNH-like lesions in cirrhotic livers, Terada et 

al (Terada et al. 1993) also propose, a pathogenetic mechanism involving 

localized vascular changes (e.g. portal vein thrombosis causing ischemia and a 

consequent proliferative response). An additional proposed mechanism in that 

study was a pre-existing arterial malformation. FNH in non-cirrhotic livers often 

shows abnormal arteries (Nguyen et al. 1999), unaccompanied by a duct
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(Wanless et al 1985b) or larger than the accompanying bile duct (Anonymous 

et al. 1995) suggesting that these may have a pathogenetic significance. FNH 

may be seen in association with haemangiomas (Ndimbie et al. 1990; 

Anonymous et al. 1995; Nguyen et al. 1999). In the present series prominent 

arteries were seen in the peri-lesional cirrhotic liver, but they were all 

accompanied by a bile duct of similar size. All arteries except one (intimai 

hyperplasia, table 4.4, figure 4.9) demonstrated a normal structure. One 5 mm 

haemangioma was identified in one patient (table 4.2), but this was distant from 

the FNH-like nodules.

Whether the vascular fibrous obliteration, the perilesional arteries or the focal 

intimai hyperplasia and the FNH-like lesions in the present cases are correlated 

or have occurred independently is unclear, and whether this relationship is 

causal or coincidental may become clear only with the analysis of a larger 

number of cases including prospective sampling of liver tissue to ascertain the 

distribution and the anatomical relationship of the vasculature and the FNH-like 

lesions. In any case, there is no reason to suppose that the vascular 

compromise, parenchymal extinction; and subsequent neoangiogenesis and 

hepatocytic hyperplasia and/or neoplasia associated with the development of 

FNH in the non-cirrhotic liver does not occur in the cirrhotic liver, and there is 

some information to suggest that such vascular changes are more frequent in 

the cirrhotic state. Interestingly, in the present series, all three nodules detected 

by imaging prior to transplantation showed radiological features of 

hypervascularity, therefore sustaining the hypothesis by Wanless (Wanless 

1990) that these lesions may represent a hyperaemic form of nodular 

transformation (i.e. FNH, see above).

In this study, other hepatocellular nodules alongside the FNH-like lesions were 

also identified. Patient 4 had a small, 6 mm diameter HCC as well as 4 MRN, 

and Patient 1 had 1 MRN. MRN, as defined by the International Working Party
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(Anonymous et al. 1995) show different histological features compared to these 

FNH-like lesions, even though multiacinar macroregenerative nodules may 

contain more than one normal or scarred portal tracts, often with ductular 

proliferation and bile ducts (Anonymous et al. 1995). In contrast and in similar 

fashion to liver cell adenoma (Anonymous etal. 1995), small bile ducts may be 

absent from the "portal tracts" of FNH, and are replaced by abnormal blood 

vessels, ductular proliferation and "metaplastic" hepatocytes, often accompanied 

by cholate and cholestasis. These features are shown in figures 4.2b and 4.11, 

which illustrate a 6 mm diameter MRN from Patient 1. When compared to the 

FNH-like lesions described in this study (Figure 4.2), the overall architecture is 

different, as the MRN shows a multiacinar structure and lacks the multinodular 

arrangement of FNH. Portal tract-1 ike areas are identifiable in the centre of this 

lesion and include arteries with accompanying bile ducts, mild inflammation and 

a mild degree of ductular proliferation (Figure 4.11). The histological 

appearances of FNH-like lesions are also dissimilar to DN and HCC. The 

limitations of the histological assessment of DN are well recognized (Anonymous 

et al. 1995; Quaglia et al. 2001). DN were not seen in the present five cases 

with FNH-like lesions. DN tend to show an architecture similar to that of MRN 

from which they may be difficult to differentiate (Anonymous et al. 1995) and 

tend to show changes of the liver cell component including microacinus 

formation, clear cell changes, fatty changes and small cell dysplasia (Ferrell et 

al. 1993; Anonymous et al. 1995; Theise 1995; Terasaki et al. 1998). One of 

the FNH-like lesions in this study was 12 mm in diameter (Patient 2) and showed 

mild cytological atypia, sinusoidal capillarization and focal reduction of stromal 

reticulin, but no overt reticulin loss or any of the changes described above were 

identified. Seventy-five percent of DN and 100% of HCC show expression of at 

least one of the endothelial cell markers CD31, CD34 and BNH9 (Frachon et al. 

2001). In HCC those endothelial markers were expressed homogenously, "all 

over the tumour" (Frachon et al. 2001 ; Dhillon et al. 1992), whereas in DN they 

were expressed homogeneously or patchily in association with diffuse or patchy
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large or small liver cell changes (Frachon et al 2001). As in the cases 

described by Libbrecht et al (Libbrecht et al. 2001), three relatively large (12,23 

and 23 mm diameter respectively) FNH-like lesions of the present study showed 

increased endothelial expression of CD34. This increase was patchy, alternating 

with areas without sinusoidal capillarization (Figure 4.7). The areas of sinusoidal 

capillarization appeared to emanate from the centre of these lesions and in 

particular from the septal regions. One of these lesions with increased sinusoidal 

capillarization (23 mm diameter) showed the presence of intra-parenchymal 

unpaired arteries. In addition, in these areas, the reticulin stroma was generally 

not only preserved, but was increased. Theuerkauf et al (Theuerkauf et al. 

2001 ) have shown recently that lesions with increased arteriohepatic perfusion in 

"inflow-areas" such as FNH exhibit increased CD34 expression in the sinusoids 

of inflow areas and in their opinion arterial blood flow must be considered the 

cause of this centrifugal transformation of sinusoidal endothelial cells.

Another feature of the FNH-like lesions was the presence of small cells with 

intermediate features between ductular cells and hepatocytes at the interface 

between fibrous septa and hepatocellular nodules. These cells have been 

described in the report by Libbrecht et al (Libbrecht et al. 2001 ) and in classical 

FNH in non-cirrhotic liver by Nguyen et al(Nguyen et al. 1999) and Roskams et 

al (Roskams et al. 1996). Roskams et al (Roskams et al. 1996) showed that 

these cells, as well as periductular and ductular cells express markers such as 

chromogranin-A and 0V6, indicating that the ductular reaction in these lesions 

may result from activation of progenitor cells. The same group (Libbrecht et al. 

2000) described a similar liver progenitor cell-like phenotype in areas of small 

cell dysplasia in cirrhotic livers, suggesting their possible role in carcinogenesis. 

The occurrence of FNH-like lesions in cirrhosis may well represent another 

distinct type of tissue response to chronic injury together with regenerative 

nodules, MRN, DN and HCC, as component parts of the panoramic vista of 

cellular responses related to the heterogeneity and plasticity of the hepatic
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lineage, as hypothesized by Sell (Sell 2001).

In summary, I describe five cases of FNH-like lesions occurring in cirrhotic livers. 

It is important to recognize that these lesions may occur in cirrhosis and that they 

should be considered in the clinico-pathological differential diagnosis with HCC 

and its putative precursor nodular lesions.
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CHAPTER 5

Determination of clonality in HCC 

and its putative precursor nodular 
lesions using the HUMARA 
technique
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5.1 General considerations

It is generally accepted that the development of a neoplasm depends on a rarely 

occurring set of genomic mutations. A set of genomic mutations accumulate in a 

single cell which, having acquired properties which endow it with characteristics 

ensuring its growth and survival, undergoes a series of divisions which eventually 

result in the development of a neoplasm (Garcia et al. 1999). Therefore neoplasms 

are considered clonally derived, i.e. neoplasms are derived by cell division from a 

single transformed cell. In other words, monoclonal cell expansion is expected 

only when a single cell has rare genetic changes in a certain sequence (Aihara et 

al. 1996): and a neoplasm is considered monoclonal in origin because it is unlikely 

that an identical sequence of mutations occur independently in two neighbouring 

cells (Aihara et al. 1994).

There are two main methods to analyse clonality in human epithelial tumours: one 

is based on X-chromosome inactivation while the second is based on detection of 

viral integration analysis such as EBV in nasopharyngeal carcinoma and Hepatitis 

B or C in liver tumours (Garcia et al. 1999), but this approach, in the study of liver 

tumours, is applicable only to a portion of patients who have HBV or HCV 

infection. Methods based on detection of somatic mutations such as k-ras or p53 

in multiple tissue samples from the same tumour have also been proposed as 

suggestive of a clonal origin. The demonstration of heterogeneity of microsatellite 

instability is not a suitable marker of polyclonality, without taking into 

consideration that genomic alterations may continue to occur at microsatellite loci 

within the same tumour population (Garcia et al. 1999).

The methods based on the identification of the pattern of X-chromosome 

inactivation are based on méthylation events occurring in embryogenesis 

(Lyonization). Briefly, as inactivation by méthylation of either the maternal or 

paternal chromosome occurs physiologically during embryogenesis in women, a 

monoclonal cell population should show an identical pattern of inactivation of
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either chromosome. This inactivation can be tested studying genes located on the 

X-chromosome such as the human androgen receptor (HUMARA), 

phosphoglycerokinase (PGK) or glucose-6-phosphate dehydrogenase (G6PD). 

Methods of clonal analysis based on Lyonization have been used by many 

investigators (Paradis et al. 2000; Paradis et al. 1998; Paradis et al. 1997; 

Ochiai et al. 2000; Kawai et al. 1995; Aihara et al. 1994; Aihara et al. 1996; 

Piao et al. 1997) to assess the clonality of focal nodular hyperplasia, adenomas, 

hepatocellular carcinoma and precursor nodular lesions in cirrhotic liver.

In the present work the clonality of regenerative nodules (RN), MRN and HCC 

was investigated using a HUMARA assay.

5.2 Material and methods

Forty-four nodules from 19 cirrhotic female patients were available for HUMARA 

analysis. Six of these patients (7 MRN, 2 HCC and 4 RN) had been transplanted 

at the Royal Free Hospital in London. These were the only female cirrhotic 

patients, transplanted at the Royal Free Hospital between 1997 and 2001, who 

had distinct nodular lesions in the explant liver, and from whom frozen tissue had 

been preserved and was available for molecular analysis. HCC affects more 

males then females with a reported male to female ratio of 8 to 1 in high incidence 

areas. Therefore this relatively small number of cases available for this 

investigation is not surprising. The necessity of using frozen tissue represents 

another limitation. Moreover, only a percentage of patients are polymorphic at the 

HUMARA locus and therefore are informative for the analysis of clonality. In 

previous series the rate of informative female patients due to polymorphism at the 

HUMARA locus ranged from 75% (Gaffey et al. 1996) to 90% (Yeh et al. 2001; 

Paradis et al. 1997; Piao et al. 1997). In order to increase the number of cases 

available for this investigation, collaborative work was organized with Professor 

Bioulac-Sage and Professor Balabaud, Centre of Hepatology, Bordeaux, France. 

They were able to retrieve from their tissue bank frozen tissue from a total
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number of 31 nodules (10 MRN, 11 HCC and 10 RN) identified and sample in the 

explant livers of 13 cirrhotic female patients.

The tissue sampling (applicable to the Royal Free Hospital cases), and DMA 

extraction procedures are described in chapter 2.

HUMARA technique

The details of the technique used for the assessment of clonality are described in 

chapter 2.

Briefly, as the products of these primers span both the restriction enzyme site and 

the polymorphic [(CAG)n] repeat, products of different lengths are generated from 

the paternal and maternal chromosomes. As the restriction enzyme is méthylation 

sensitive, only the inactive non-methylated X chromosome will be digested and 

then amplified. As X-chromosome inactivation by méthylation occurs randomly, a 

polyclonal population will contain both maternal and paternal inactivated 

chromosomes and PCR after restriction enzyme digestion will generate two 

alleles of different length visible as two separate bands in a polyacrilamide gel. In 

a monoclonal population, only the inactivated allele will be amplified, and will 

appear as an individual band.

5.3 Results

Four patients (21%) (2 from the Royal Free Hospital and 2 from Bordeaux) were 

homozygous for the HUMARA locus and were considered non-informative for the 

clonality assessment. The remaining 15 patients (79%) were heterozygous and 

were considered informative for clonality assessment. This rate of informative 

patients was similar to that of previous studies using the HUMARA assay (see 

above).

The results are shown in tables 5.1 and 5.2. The majority (70%) of RN were 

polyclonal, approximately half of the MRN (median size 10 mm, range 5-23 mm)
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Figure 5.1. Clonal analysis of a MRN using the HUMARA assay. Upper panel after digestion with 
Hpall and lower panel without digestion. Peaks 1 and 2 correspond to the two distinct allelles of the 
liver tissue DMA shows the same méthylation pattern without or after Hpall digestion, a result 
consistent with a polyclonal pattern.

Figure 5.2. Clonal analysis of a HCC using the HUMARA assay. Upper panel after digestion with Hpall 
and lower panel without digestion. Peaks 1 and 2 correspond to the two distinct allelles of the liver 
tissue. After Hpall digestion, a marked decrease of allele 2 is observed, which is consistent with a 
monoclonal pattern.
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were monoclonal (53%), and the majority of HCC (90%, median size 25 mm, 

range 13-30 mm) were monoclonal (figures 5.1 & 5.2). These results are similar 

to previous work by other authors (Aihara et al. 1994; Aihara et al. 1996; Kawai 

et al. 1995; Piao et al. 1997; Paradis et al. 1997; Ochiai et al. 2000; Paradis et 

al. 1998; Aoki et al. 1989; Yasui et al. 1992; Yeh et al. 2001)(see table 1.2.1).

5.4 Discussion

In the present study a minority (30%) of RN were monoclonal. Monoclonal RN have 

been described by other investigators (Aihara et al. 1994; Paradis et al. 2000; Yeh 

et al. 2001; Yasui et al. 1992).

Up to 43% of RN were monoclonal by RFLP analysis of the X-linked 

phosphoglycerokinase (PGK) gene (Aihara et al. 1994). There was no significant 

difference in size between monoclonal and polyclonal RN. Up to 51 % of RN were 

monoclonal by HUMARA analysis in the study by Paradis et al (Paradis et al. 

2000). Using HBV integration pattern in patients affected by HBV cirrhosis, Yasui et 

al (Yasui et al. 1992) showed that up to 31% of RN were monoclonal (see also 

table 1.2.1).

If monoclonality is accepted as evidence of neoplastic transformation (Aihara et al.

1994), therefore the identification of RN in cirrhotic livers may have two 

implications.

Firstly, a proportion of RN are already at a stage of progression towards HCC, even 

if they do not show size expansion or distinctive histological features suggesting 

that this transformation is in progress (Aihara et al. 1994). Secondly, these findings 

would support the multicentric origin of multifocal HCC in support of the field 

change theory (Sirivatanauksorn et al. 1999c).

These two implications support the need of developing therapies to prevent those 

molecular events leading to HCC in patients with chronic hepatitis and especially 

those already with liver cirrhosis (Yeh et al. 2001).
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Table 5.1. Synopsis of results of clonal analysis 
by HUMARA assay of cirrhotic nodules, MRNs, 
DNs and HCCs.

TISSUE (*)
HCC (25 mm) 
MRN (10 mm) 
RN (2 mm)

MONOCLONAL
10
8
3

POLYCLONAL
1
6
7

^median lesional size

Table 5.2. Breakdown of results of clonal analysis by HUMARA 
assay of cirrhotic nodules, MRNs, DNs and HCCs.

Patient Institution MRN HCC RN
Size (mm) Clonality Size Clonality Size Clonality

(mm) (mm)
1 RFH 7 Monoclonal

7 Monoclonal
2 RFH 10 Monoclonal 2 Polyclonal

10 Monoclonal
10 Monoclonal

3 RFH 15 Monoclonal
4 RFH 23 Polyclonal 2 Polyclonal

5 Bordeaux 10 Polyclonal 13 Monoclonal 2 Polyclonal
9 Monoclonal 28 Monoclonal

30 Monoclonal
6 Bordeaux 30 Monoclonal 2 Monoclonal
7 Bordeaux 14 Polyclonal 2 Polyclonal
8 Bordeaux 15 Monoclonal

15 Monoclonal
9 Bordeaux 30 Monoclonal
10 Bordeaux 5 Polyclonal 2 Polyclonal

12 Polyclonal
11 Bordeaux 25 Polyclonal
12 Bordeaux 2 Polyclonal
13 Bordeaux 10 Polyclonal 2 Monoclonal
14 Bordeaux 6 Monoclonal 2 Polyclonal
15 Bordeaux 14 Monoclonal 2 Monoclonal

25 Monoclonal
30 Monoclonal

# RNs of size included between 1 and 3 mm. 
RFH= Royal Free Hospital
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In the present study approximately half of the MRN were monoclonal (53%) and 

the majority of HCC (90%) were monoclonal, indicating that the proportion of 

monoclonal lesions gradually increases when cirrhotic liver, distinct putative 

precursor nodular lesions and HCC, respectively, are analysed. Previous studies 

(table 1.2.1) have shown variable results.

However, clonal analysis (i.e. the clonal analysis of the present work, as well as 

other studies) puts (monoclonal) RN, (monoclonal) MRN, (monoclonal) DN and 

(monoclonal) HCC all at the same level of tumour evolution, but does not stratify 

these lesions further in terms of their benign or malignant nature (or at least their 

malignant potential). It seems that it was originally envisaged that monoclonality 

could be used by reverse logic in a syllogistic fashion (i.e. overt HCC is 

monoclonal, therefore all monoclonal lesions are its precursors) as evidence of 

tumour evolution.

Aihara et al (Aihara et al. 1996) addressed this question. The authors carried out 

clonal analysis and DNA fingerprinting on DN and HCC. All nodules were 

monoclonal. A separate set of DN and HCC (i.e. nodules not investigated by 

clonal analysis and from different patients) showed a similar incidence of genetic 

alterations, suggesting that genetic alterations had already accumulated in 

dysplastic nodules to an extent comparable to those observed in HCC.

Piao et al (Piao et al. 1997) combined clonality with allelic loss analysis and 

showed that all MRN were polyclonal and 9 out of 10 HCC were monoclonal. No 

allelic loss of chromosome 18q was present in the MRN in contrast to 3 out of 7 

HCC, which showed allelic deletion in chromosome 18q. This would imply that the 

polyclonal status is a non-neoplastic biological condition (supported by the 

absence of genomic instability) and that some of the HCC (neoplastic from a 

morphological as well as molecular point of view) are more biological advanced 

(showing allelic deletion) than others.
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In a recent paper, Yeh et al (Yeh et al. 2001) investigated the clonality of 180 

nodules in cirrhotic livers removed at transplantation from 7 female patients with 

HCC. Around half of the nodules investigated were monoclonal. These 

monoclonal nodules were selected for analysis of allelic imbalance. The majority 

(up to 91%) of these monoclonal nodules already had allelic loss in their 

chromosomes, the fractional allelic imbalance was lower than HCC, but a few 

nodules showed total allelic imbalance higher than that of concomitant HCC in the 

same liver. The authors tried to allocate each allelic imbalance mutation to the 

process from progression of nodules to HCC, and defined some losses at certain 

loci as early events occurring during the monoclonal expansion of RN, but clearly 

stated that these nodules were not yet cancers, because the critical genetic 

aberrations accumulated were still inadequate. Interestingly, the authors did not 

find a correlation between the morphological classification (Anonymous et al.

1995) of these nodular lesions and the genomic alteration.

As these studies suggest, clonal analysis in the study of hepatocarcinogenesis 

may be mostly informative when used in combination with molecular 

investigations of genomic alteration. This combined analysis has been carried out 

in the context of the present work and is described in chapters 9. The approach I 

have used for the investigation of genomic alteration is described in chapters 8.

In the next section I discuss the issue of the limitations intrinsic to the methods of 

clonal analysis based on X-chromosome inactivation

5.5 Limitations of clonaiity assessment using methods based 
on X-chromosome inactivation

Based on the assumption that a neoplasm must be composed of a monoclonal cell 

population, and following the pioneering studies on haematological malignancies, 

the possibility of assessing the clonality of solid tumours was originally viewed as a
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tool for the understanding of carcinogenesis and, in the field of Histopathology, as a 

potential ancillary method to conventional histological assessment.

Methods based on PCR such as HUMARA and PGK assay have the advantage of 

using a small amount of DNA, compared to the traditional Southern blotting 

methods used to assess the integration patterns of HBV, thus offering the 

possibility of being used on biopsy material. In an article published in 1995 Kawai 

et al (Kawai et al. 1995) conclude their work stating: "this method (i.e. X- 

chromosome-linked PGK assay) enables us to analyse the clonality of small 

materials like biopsy specimens. It may be helpful in certain cases in which the 

pathological findings are ambiguous, and its use in conjunction with histological 

appearances would seem imperative in order to avoid errors secondary to 

inflammatory infiltrates" (referring to the single HCC in their study that showed a 

polyclonal pattern). As discussed above, even though the clonality assessment by 

X-chromosome inactivation methods tends to show an increase of monoclonal 

patterns when MRN and HCC are considered, respectively, the results are not 

absolute and many identical lesions in terms of size and histological features may 

show opposite clonal patterns. This may be partly explained by the technical 

limitations of this method of investigation.

There are limitations intrinsic to the techniques based on X- chromosome 

inactivation and used to assess clonality (Garcia et al. 1999; Going et al. 2000) 

as discussed in chapter 1. In particular the patch size question is fundamental for 

the interpretation of clonality. As X-chromosome inactivation in female individuals 

occurs at early embryonic stage, groups of cells deriving from division of 

progenitors with random inactivation of the X-chromosome will show the same X- 

chromosome inactivation. Ochiai et al (Ochiai et al. 2000) have recently 

addressed this question. The authors found that randomly sampled areas of 

background non-cirrhotic liver in patients with haemangioma, cholangiocarcinoma 

or metastatic adenocarcinoma were monoclonal, and estimated the monoclonal 

patch size as 1.1±0.3 mm^ (average±S.D.). Samples of liver tissue from a non

cirrhotic patient with chronic viral hepatitis showed that the presumed monoclonal
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patch size was larger than normal liver tissue and was estimated as 3.3±0.9 mm^ 

The estimated patch size in cirrhotic liver was 31.2± 40.11 mm^. Therefore, like 

rodent liver, human liver tissue is organized in mosaic patches with differing X- 

chromosome inactivation patterns that progressively expand during the 

progression of chronic liver disease.

This may explain the findings of this work and previous studies (Paradis et al. 

2000; Aihara et al. 1994; Yeh et al. 2001). Instead of reflecting the biological 

birth and evolution of neoplasms, these findings may simply indicate the 

enlargement of pre-existing patches, as part of the regenerative process 

characteristic of the cirrhotic condition. In particular the size of the RN in this 

study ranged from 1 to 3 mm diameter, therefore within the size range of the 

estimated patch size from normal to cirrhotic liver, as estimated by Ochiai et al 

(Ochiai et al. 2000), see above. On the other hand, the polyclonality of a 

percentage of nodules, may be explained by the fact that these nodules may 

have originated from the junction of monoclonal patches (Garcia et al. 1999; 

Ochiai et al. 2000). Paradis et al (Paradis et al. 2000) have shown that the 

monoclonal RN are significantly larger than polyclonal ones (mean size of the 

monoclonal nodules: 3 + 0.1 mm vs mean size of the polyclonal nodules: 2.5 +/- 

0.1 mm, p = 0.007), although they are still within the range of the estimated patch 

size in cirrhotic livers.

The same considerations (and in particular the patch size) for the RN, should be 

applied to MRN and HCC. In the present study, all "monoclonal" MRN except 1 

(RFH patient 3, 15 mm diameter), were above 6 mm diameter, and therefore 

would not be included in the average size range of the patch size (31.2± 40.11 

mm^, see above), as estimated by Ochiai et al (Ochiai et al. 2000), in cirrhotic 

liver. Only one (6 mm diameter) monoclonal MRN could be comprised within two 

standard deviations of the mean patch size area in cirrhotic liver as calculated by 

Ochiai et al. Other studies investigating clonality in cirrhotic livers have been 

performed on nodules of more than 6 mm diameter (Piao et al. 1997; Paradis et 

al. 1998) (see table 1.2.1). In the study by Ochiai et al (Ochiai et al. 2000) 58.9%
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of MRN (mean area 4.8 ± 6.2 mm^ diameter not given) were monoclonal. 

Specifically in relation to their estimate of patch size in cirrhotic liver, the authors 

conclude that most RN showing a monoclonal pattern may have a multiple-cell 

origin. It is therefore evident that before interpreting monoclonality of MRN in 

cirrhotic liver, the caveat of the patch size question has to be addressed.

The median size of HCC in the present study was 25 mm, and the smallest HCC 

was 13 mm diameter, therefore in excess of the patch size area in cirrhotic liver 

as estimated by Ochiai et al (Ochiai et al. 2000). Thus, the monoclonality of these 

HCC could not be related to the monoclonal patches. Whether lesions originated 

within the boundaries of patch maintain the same type of X-inactivation, even 

when they exceed the patch size limit as a result of proliferative expansion, is 

speculative. Probably this matter is not relevant for overt HCC, but may help, 

once again in interpreting the monoclonal pattern of RN.

However there are other possible explanations of monoclonality in HCC. These 

include increases and reductions of méthylation during progression of malignant 

tumours; some embryonic tumours such as retinoblastoma show the preferential 

loss of maternal and paternal alleles; and X-chromosome inactivation might be 

non-random in some tissues (Garcia et al. 1999).

In the case of tumours of polyclonal origin, clonal evolution may select a dominant 

clone that will prevail on the others generating a "pseudomonoclonality" (Garcia et 

al. 1999; Wasan et al. 1997). Some studies have shown that X-inactivation might 

be non-random, and in particular it has been shown that normal haemopoietic 

tissue have skewed X-inactivation, possibly favouring the paternal or maternal X- 

chromosome(Garcia et al. 1999). This, along with the recent appreciation of the 

relationships between bone marrow and liver regeneration (Alison et al. 2000; 

Alison et al. 2001; Theise et al. 2000a; Theise et al. 2000b; Petersen et al.

1999), further complicates the issue of clonality in liver tissue. The possible role of 

hepatic progenitors in hepatocarcinogenesis has been discussed in chapter 1. If 

hepatic progenitors are of bone marrow origin and are involved in the genesis of
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HCC, then it should be taken into account that studies have shown that in normal 

haemopoietic tissue X-inactivation occurs in a non-random fashion favouring the 

paternal or the maternal X-chromosome (Garcia et al. 1999). Aihara et al (Aihara 

et al. 1994) have shown that adjacent monoclonal regenerative nodules 

inactivate the same allele, and have interpreted this finding with the hypothesis 

that an expanding monoclonal population of hepatocytes is separated into 

different nodules by the formation of fibrous septa. An alternative explanation 

could be that all those monoclonal nodules originate separately either from a 

single or from multiple extrahepatic progenitors with the same X-chromosome 

inactivation pattern.

Polyclonality in MRN and HCC (as in the 5 cases described by Piao et al (Piao et 

al. 1997), may be due to origin at the boundaries of two adjacent patches (Garcia 

et al. 1999). Other explanations include contamination by non-tumour cells 

(Kawai et al. 1995), collision of independent tumours, inversion of X chromosome 

inactivation, transformation in the embryo prior to Lyonization or DNA transfer to 

bystander cells (Going et al. 2000: Heim et al. 2001; Going et al. 2001).

The patch size question has not been solved. The estimate of the patch size by 

Ochiai et al (Ochiai et al. 2000) was not a direct observation but was based on 

the mathematical calculation described by Hutchison (Hutchinson 1973), taking 

into consideration the proportion of polyclonal samples and the mean 

microdissected sample size. Moreover, the location of the monoclonal areas in 

the liver tissue examined, in terms of liver acini or lobules remained unclear.

The limitation of patch size cannot be applied to the studies based on HBV 

integration pattern such as the studies by Aoki and Robinson (Aoki et al. 1989), 

Tsuda et al (Tsuda et al. 1988), and Yasui et AI (Yasui et al. 1992). However 

studies based on virus integration pattern may underestimate the proportion of 

monoclonal lesions, because they would take into account the proportion of
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proliferating hepatocytes without viral integration (Ochiai et al 2000; Aihara et al. 

1994).

In the next chapter I describe my approach to further explore the liver patch size.
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CHAPTER 6

Assessment of the patch size in 

human liver.
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6.1 General considerations

A common method to assess clonality of tumours is based on the concept of 

X-chromosome inactivation (Lyonization). Briefly, as inactivation by 

méthylation of either the maternal or paternal chromosome occurs 

physiologically during embryogenesis in women, a monoclonal cell population 

should show an identical pattern of inactivation of either chromosome. This 

inactivation can be tested studying genes located on the X-chromosome such 

as the human androgen receptor (HUMARA), phosphoglycerokinase (PGK) or 

glucose-6-phosphate dehydrogenase (G6PD).

The limitations in the application of these techniques for the assessment of 

tumour clonality have been discussed in chapter 1, 6.3.2, and chapter 5. 

Among these limitations, is the concept of patch size (Garcia et al. 1999). As 

X-chromosome inactivation (Lyonization) occurs during embryonic life, groups 

of cells deriving from a common precursor share a common genotype and 

show the same pattern of inactivation. A tumour arising within a patch will show 

the same type of X-chromosome inactivation regardless of its genuine 

monoclonal or polyclonal nature.

Ochiai et al (Ochiai et al. 2000) recently investigated patch size in the liver 

using the HUMARA technique assessing samples of tissue taken from areas 

of liver parenchyma of different size and extrapolating that the size of patch 

varies from 1.1 ± 0.3 mm^ in normal liver to 31.2 ± 40.1 mm^ in cirrhotic liver. 

However this method was not based on a direct observation but was carried out 

using a mathematical formula based on the proportion of polyclonal samples 

and the mean microdissected sample size. Moreover the relationships with 

anatomical structures could not be defined.
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This limitation can be avoided using enzyme histochemistry to visualize the 

activity of enzymes of X-linked genes in heterozygous subjects, as 

demonstrated by Griffiths et al (Griffiths et al. 1988) who carried out enzyme 

histochemistry on tissues obtained from mice heterozygous for a defective 

G6PD gene, in order to demonstrate the phenotype of intestinal crypts. The 

same authors applied this technique to other tissues (including oesophagus, 

small intestine, breast and thyroid) from mice heterozygous for G6PD 

deficiency, but not on liver (Thomas et al. 1988). Moreover, it this not known 

whether the patch size in animal models is comparable to humans.

Tissue obtained from female patients who are heterozygous for G6PD 

deficiency represents a natural model suitable for the demonstration of the 

patch size in humans. The aim of this work was to investigate the patch size of 

liver tissue in adult female patients heterozygous for G6PD deficiency.

6.2 The Mediterranean variant ofGSPD

More than 400 variants of G6PD are known (Lux 1996) and are responsible for 

the various clinical manifestations of G6PD deficiency and are related to 

disorders of structure or synthesis. The normal enzyme is termed G6PD® or 

Gd®. It is present in about 70% of African Americans and in more than 99% of 

Whites. Gd^"" is a normal variant found in about 20% of African Americans and 

has greater electrophoretic mobility than Gd® due to an amino acid substitution. 

Gd'^' is the most common variant associated with haemolysis and is found in 

about 10% of African Americans and in many African black populations. It has 

the same electrophoretic mobility as Gd^^. Gd"̂ ®̂  (̂ ®®Ser —» Phe) is the second 

most common abnormal variant and is found in peoples of the Mediterranean 

area including Sardinians, Greeks, Sephardic Jews, and Arabs. Its 

electrophoretic mobility is normal but its catalytic activity is markedly reduced. 

The prevalence of G6PD deficiency in many geographic areas has been
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attributed to a selective advantage of heterozygotes against malaria supported 

by the resistance of cells containing the abnormal enzyme to Plasmodium 

Falciparum and poor growth of Plasmodium Falciparum in G6PD-deficient red 

cells in vitro (Lux 1996). Gd"̂ ®̂  is considerably less stable than Gd"  ̂", and its 

activity is sensitive to factors such as pH and temperature variations. In 

particular, temperature has been shown to decrease markedly its activity 

compared to the normal variant (Table 6.1) (Kirkman et al. 1964). As the 

prevalence of Gd"̂ ®̂  is known to be very high in the Sardinian population, a 

collaboration with the Institutes of Anatomic Pathology (Dr Antonio Cossu and 

Professor Francesco Tanda) and Medicine (Professor Antonello Solinas) of the 

University of Sassari, was established in order to obtain samples of frozen liver 

tissue suitable for this analysis from female patients heterozygous for G6PD 

deficiency, Mediterranean variant.

6.3 G6PD enzyme histochemistry

The procedure was based on a tétrazolium salt method, as described by 

Frederiks & Van Noorden (Frederiks et al. 1992). Briefly, the yellow, water- 

soluble tétrazolium dye is reduced to a blue and soluble formazan pigment 

through a coupled reaction with glucose-6-phosphate dehydrogenase:

Glucose-6-Phosphate + NADP—̂ GIuconate-6-Phosphate + NADPH + H""

In order to demonstrate the difference between cells expressing the normal 

enzyme and cells expressing Gd"̂ ®̂ , heating at 55°C for 30 minutes prior to 

incubation was carried out (Webster et al. 1986) to inactivate completely the 

abnormal variant. Control incubation was carried out in the absence of G6P 

and in a Gd”̂®̂  male patient.
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Table 6.1 Temperature lability of deficient and normal GSPD. 
(From Kirkman, H. N. et al 1964, modified)

Experiment Sardinian subjects Temperature Activities, units X 10  ̂ per millilitre at

No. of incubation different times of incubation

0 min 20 min 40 min 60 min

1 G6PD deficient subject 1 4 1 X 3.02 0.40 0.21 0.13

Control 4rc 2.71 2.32 2.29 1.94

2 G6PD deficient subject 2 41 °C 3.17 0.58 0.58 0.19

Control 4rc 2.79 2.21 1.97 1.80

3 G6PD deficient subject 2 41“C 2.9 0.31 0.10 0.00

Control 4 1 X 2.18 1.9 1.45 1.26

4 G6PD deficient subject 2 41°C 3.52 0.65 0.23 0.15

Control 41°C 2.94 2.65 2.18 1.85

5 G6PD deficient subject 2 41°C 3.02 0.48 0.19 0.16

Control 41°C 3.47 2.90 2.36 2.16

This table shows how the activity of G6PD from Sardinian patients affected by G6PD deficiency 
decreases during incubation at 41 °C, in comparison to the lesser reduction in activity of the 
normal enzyme.
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Normal liver tissue obtained from a patient with the normal enzyme was used 

as positive control material. Intestinal mucosa from female Sardinian patients 

heterozygous for G6PD Mediterranean variant was used as control for heat 

inactivation.

6.4 Results

Frozen liver tissue obtained with fine-needle biopsy from four female patients 

heterozygous for G6PD deficiency, Mediterranean variant was available for 

this investigation. The clinical details of these patients are shown in table 6.2.

The material studied was taken (with patients' consent) during investigation of 

concomitant liver disease, and the frozen tissue was considered to be surplus 

to the routine diagnostic requirement according to a protocol that complied 

with local ethical requirements. As a consequence, the frozen tissue available 

was small in each case, and numbers of available cases were few.

At the time of this investigation only this biopsy material was available and no 

frozen liver tissue from relatively normal liver obtained during liver resection 

(e.g. liver adjacent to resected metastasis, other tumours, or non-neoplastic 

focal lesions), or at autopsy of Gd"̂ ®̂  heterozygous females was available. 

Normal G6PD activity in liver parenchyma is shown in figure 6.1. Figures 6.2 

show the pattern of staining with and without heat inactivation in the intestinal 

mucosa of a Gd"̂ ®̂  heterozygous female patient, and staining after heat 

inactivation in a Gd*̂ ®̂  male patient. Figures 6.3, 6.4 and 6.5 show enzyme 

histochemistry in biopsy samples from Gd'̂ ®'̂  heterozygous females.
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Table 6.2 Sardinian patients with G6PD 

deficiency, Mediterranean variant.

Patient Age, sex Liver condition

1 42, Female Autoimmune hepatitis

2 35, Female HCV hepatitis

3 63, Female HCV hepatitis
4 49, Female HCV cirrhosis

5* 61, Male HCV hepatitis

*Total G 6PD  deficiency. The biopsy from this patient was 
used as negative control.
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Figure 6.1a G6PD histochemistry on liver tissue 
from a male patient with normal G6PD. The 
tétrazolium staining was carried out without pre
treatment, and at 37°C, therefore without heat 
inactivation. There is blue staining of the 
hepatocytes plates with particular enhancement in 
zone 3. lOOx

Figure 6.1b G6PD histochemistry on liver tissue 
from a control male patient with normal G6PD. 
The tétrazolium staining was carried out after pre
treatment at 50"C,i.e. the temperature at which 
the Mediterranean variant should be inactivated. 
After heat inactivation, the overall intensity of 
staining appears slightly reduced, but the overall 
staining pattern is similar to figure 6.1 a. 10Ox

Figure 6.1c G6PD histochemistry on liver tissue 
from a control male patient with normal G6PD. 
The tétrazolium staining was carried out after pre
treatment at 70°C, with consequent complete 
inactivation of G6PD function 10Ox

Figure 6 .Id  G6PD histochemistry on liver tissue 
from a control male patient with normal G6PD. 
Detail of zonal distribution of G6PD activity with 
centrilobular enhancement (arrows). 250x
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Figure 6.2a. G6PD histochemistry on 
intestinal mucosa from a heterozygous 
female patient. The tétrazolium staining was 
carried out without pre-treatment, and at 
37°C, therefore without heat inactivation. 
There is diffuse blue staining of the intestinal 
crypts.

Figure 6.2b. G6PD histochemistry on 
intestinal mucosa from a Gd"^ heterozygous 
female patient, after heat inactivation with 
pre-treatment at 50°C. The staining shows a 
patchy pattern. 100x

Figure 6.2c. G6PD histochemistry on 
intestinal mucosa from a Gd"^ heterozygous 
female patient, after heat inactivation with 
pre-treatment at 50°C. High power view of 
area shown in figure 6.2b (box). There is no 
tétrazolium staining in a crypt composed of 
cells expressing Gd“®̂, as opposed to 
adjacent crypts composed of cells expressing 
the normal enzyme. Note the sharp 
separation between “normal” and “Gd"^ “ 
crypts (arrow). 250x

Figure 6.2d. G6PD histochemistry on liver 
tissue from a Gd"^ male patient, after heat 
inactivation with pre-treatment at 50°C. No 
tétrazolium staining is seen. There is 
deposition of tétrazolium salt at the edge of 
the fragment. 100x
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Figure 6.3a. Patient 1. G6PD histochemistry on 
liver tissue from a Gd“*^heterozygous female 
patient after heat inactivation with pre-treatment 
at 50°C. Low power view of the biopsy fragments

Figure 6.3b. Patientl. G6PD histochemistry on 
liver tissue from a Gd^^heterozygous female 
patient after heat inactivation with pre-treatment 
at 50°C. Higher magnification of one biopsy 
fragment shown in figure 6.3a. Part of the biopsy 
fragment shows a slighlty more intense pattern 
of staining (left), but the fragment is too small to 
draw conclusions regarding the outline and the 
size of a “patch”. 10Ox.

Figure 6.3c. Patientl. Higher magnification 
of biopsy fragment shown in figure 6.3b. See 
above. 250x.
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Figure 6.4a. Patient 2. G6PD histochemistry on liver tissue from a Gd"^heterozygous female patient 
after heat inactivation with pre-treatment at 50°C. These two pictures show the full face of a 5 mm 
biopsy sample taken in two photographs (the dashed lines show the point were the two pictures join 
up).No definite patches of G6PD staining are seen.lOOx

Figure 6.4b. Patient 2. High power view of biopsy 
fragment shown in figure 6.4a (box).250x
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Figure 6.5a. Patients. G6PD histochemistry on liver tissue from a Gd*^heterozygous female patient 
without (left) and with (right) heath inactivation using pre-treatment at 50°C. There is a reduction in 
staining intensity after pre-treament, but definite distribution of G6PD staining in a patch-like pattern is not 
evident. 100x

Figure 6.5b. Patients. High power view of part of 
picture 6.5a (box).250x
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6.5 Discussion

To my knowledge, demonstration of patch size in human liver using G6PD 

enzyme histochemistry in Gd*̂ ®̂  heterozygous females has not been 

attempted previously. The main difficulty in such investigation is the 

availability of informative tissue samples. There is an estimated number of 

200 millions of patients affected by G6PD deficiency in the world. In endemic 

areas such as Sardinia, Gd"̂ ®̂  has a higher prevalence (83%) than in other 

endemic areas in Northern (63.1%) and Southern (57.8%) Italy. In the district 

of Isili, in the Sardinian province of Nuoro (12.060 female inhabitants (Demuru

2000) the prevalence of female heterozygous for G6PD deficiency has been 

estimated as 25.2% (Rapallo et al. 2000). In 1975 an ongoing screening 

program for G6PD deficiency on neonatal males carried out by the University 

of Sassari, was extended to neonatal females. Out of 7162 neonatal females 

examined, 693 (9.66%) were deficient for G6PD. Taking into account the sub- 

optimal sensitivity of the test used, the percentage of G6PD deficient females 

was estimated at 14.2 % (13.64% heterozygous, 0.56 homozygous) (Meloni 

et al. 2001). The total Sardinian population in 1998 was 1 million 660, 875 

inhabitants (842.321 females, 50%) and in the district of Sassari alone the 

female population in the same period amounted to 233,125 (Demuru 2000). 

Therefore the estimate of female heterozygous for G6PD deficiency would be 

31,798, and with a estimated percentage of 83% with the Mediterranean 

variant, the number of informative cases would amount to a total number of 

26,392 subjects in the province of Sassari alone. Relatively normal liver tissue 

could be obtained either from fine-needle biopsy, resection specimens (e.g. 

liver metastasis, other liver tumours or non-neoplastic focal lesions, e.g. 

echinococcus cyst) or from autopsy. Fragments of liver tissue may be 

attached to gall bladder specimens, but as in the case of biopsy fragments 

(see below) the amount of liver tissue is unlikely to be sufficient for complete
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patch size assessment. (Interestingly, the prevalence of G6PD deficiency in 

females with cholelithiasis has been found to be increased compared to the 

normal population (Meloni et al. 2001)).

Despite the relatively promising estimate of potential putative informative 

cases in an endemic area, since this study was planned in autumn 1999, only 

four informative liver biopsies were identified in the tissue bank of the 

Department of Medicine and no informative tissue samples from resection or 

post-mortem examination have been available to date.

As is evident from the results (Figures 6.3-6.5) the biopsy samples are 

insufficient for a complete assessment of the patch size. Moreover, three of 

these patients were affected by viral liver disease. As shown by Ochiai et al 

(Ochiai et al. 2000) there appears to be a variation in the patch size with 

progression towards cirrhosis, and therefore assessment of the patch size in 

patients with chronic liver disease may not reflect normality.

Normal tissue shows (Figures 6.1) a somewhat patchy distribution of G6PD 

activity, with some increase in the perivenular region.

It has been estimated that in the adult rat liver the centrilobular G6PD activity 

is 67% of the periportal value (Klinger et al. 1991). In another study (Van 

Noorden et al. 1994) G6PD was heterogeneously distributed in lobules of 

female control rats with highest activity in pericentral zones, whereas a lower 

but evenly distributed activity was found in lobules of control male rats. The 

activity was not affected by partial hepatectomy in male rats, whereas the 

activity in female rat livers decreased to levels found in male rats at 24 to 48 

hr after operation. Flattening of the periportal/perivenous gradient was also 

detected before parturition in rat livers (Newham et al. 1991) but not after 

experimental cholestasis (Van Noorden et al. 1987). In mouse liver, G6PD 

activity appears to be highest in the midzonal and pericentral zones of the 

liver lobule (Griffini et al. 1994). In humans, Oluboyede et al (Oluboyede et al. 

1979) found in liver extracts from 21 subjects with normal G6PD activity in red
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cells, a relatively wide variation of G6PD activity. By contrast, in 10 African 

subjects with G6PD deficiency (Gd'  ̂), there was always low activity of the 

enzyme in liver extracts, and it was concluded that G6PD deficiency of the 

African type is also expressed in the liver. No such data, to my knowledge are 

available regarding how the Mediterranean variant is expressed in the liver. 

Racine-Samson et al (Racine-Samson et al. 1996) investigated the 

distribution of glucose-6-phosphatase (G6P), lactate dehydrogenase (LDH), 

succinate dehydrogenase (SDH), nicotinamide-adenine-dinucleotide- 

phosphate [NAPH] dehydrogenase (ND), beta-hyd roxybuty rate

dehydrogenase (HBDH), and glutamate dehydrogenase (GDH) and glutamine 

synthetase (GLS) in the human hepatic lobule showing a marked metabolic 

zonation in normal tissue and early fibrosis, which was lost in cirrhotic 

nodules.

Thus, it seems that in the evaluation of the liver patch size in such subjects, 

the patchiness of distribution of G6PD activity in normal tissue and the 

variation of enzyme expression related to liver disease should be taken into 

account. The small and fragmented samples of liver tissue obtained so far 

from patients with some degree of liver disease are sub-optimal for this 

evaluation, and it is hoped that the ongoing pursuit of more informative liver 

tissue, such as resection and autopsy specimens will be more successful in 

the future.

The patch size of the human liver must be established clearly in health and 

different stages of chronic liver disease before studies of clonality of small 

hepatocellular nodular lesions particularly can be interpreted properly.
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CHAPTER 7

Establishment and optimisation of 
AP-PCR
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7.1 General considerations

The aim of this work was to establish the AP-PCR technique, so that it could 

be used to display the DNA fingerprints in HOC and other nodular lesions of 

the liver. AP-PCR applied to nodular hepatocellular lesions is discussed in 

chapter 8, and this chapter describes the preparatory technical aspects.

As discussed in chapter 1, the use of AP-PCR rather than other DNA 

fingerprinting methods such as RFLP allelotyping by Southern blot 

hybridisation of minisatellite loci or microallelotyping using PCR amplification 

of polymorphic microsatellite loci has some practical advantages.

The use of RFLP allelotyping or microallelotyping requires prior knowledge of 

DNA sequence, cloned and characterised probes, or considerable 

experimental manipulation. A great number of loci have to be analysed by 

successive experiments to obtain a comprehensive value for the extent of 

genomic damage (Arribas et al. 1997).

The advantages of AP-PCR are that a minor amounts of template DNA are 

sufficient for analysis, somatic mutations detected in tumour fingerprints can 

by chance directly represent a mutation in a coding sequence, and there is 

the possibility of reamplification, cloning, and sequencing of polymorphic 

bands enables the rapid identification of the sequences probably linked to 

tumour progression (Sirivatanauksorn 1999a). The possibility of cloning is also 

an advantage compared to comparative genomic hybridisation, in which 

cloning and identification of identified altered sequences requires a 

"tremendous effort" (Okazaki et al. 1996).

7.2 Establishment and optimisation of AP-PCR amplification

The choice of primer, primer concentration and PCR conditions including DNA 

template, magnesium and potassium concentration and pH was made
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according to the optimisation work by Sirivatanauksorn (Sirivatanauksorn 

1999a). One of the limitations of AP-PCR is that it does not appear to work 

well with every primer (Sood et al. 1996). In the work by Sirivatanauksorn 

(Sirivatanauksorn 1999a), the primers AR3 (sequence 5' to 3' = 

GCGAATTCATGTACGTCAGG) and ZF3 (sequence 5' to 

3'CCCCACCGGAGAGAAACC) (also in use by other groups) were shown to 

reproducibly generate up to fifty bands of sizes ranging from less than 100 to 

2000 bp compared to only few bands generated by other primers of similar 

length (e.g. JS1, JS2, SPSIong and T7long) and therefore were chosen for 

DNA fingerprinting. The Opti-prime PCR optimisation kit (Stratagene) was 

used in that work to look for the optimised condition for the AR3 and ZF3.

7.3 AP-PCR on DNA extracted from nodules after 
microdissection.

The presence of a wide spectrum of cell types in both the epithelial and 

stromal components (including reactive fibroblasts, endothelium and a variety 

of infiltrating leukocytes) of various organs may complicate the analysis of a 

particular population. To overcome this difficulty, several microdissection 

techniques have been developed to procure solely the cells of interest in a 

tissue specimen.

Many microdissection techniques have been described, such as laser capture 

microdissection (LSM) system, a novel membrane-based microdissection 

technique (Emmert-Buck et al. 1996), or modified manual methods such as 

electrolytically sharpened tungsten needle in a bacteriological loop-holder or 

hydraulic manipulator and starch adhesive gum fractionation, microbeam 

microdissection and laser pressure catapulting (Going et al. 1996; Turbett et 

al. 1996; Bohm et al. 1997), as well as the combined use of irradiation of 

superfluous part parts to avoid contamination by neighbouring tissues such as 

selective ultraviolet radiation fractionation (SURF) or ultraviolet-laser (Shibata 

et al. 1992; Schutze et al. 1994). The equipment necessary to use the
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methods described above was not available in my laboratory, and therefore 

microdissection was carried out with manual guidance of a needle to scrape 

off the cell of interest under a microscope, as described previously 

(Sirivatanauksorn 1999a).

DNA fingerprints were generated with difficulty with a high rate of reaction 

failure and poor reproducibility. This is shown in figure 7.1. Analysis of the 

template DNA obtained after microdissection of sections of formalin-fixed and 

paraffin embedded tissue revealed a scarce quantity (as measured by 

Spectrophotometry) and a poor quality with DNA fragmentation as shown in 

figure 7.2. The use of fragments of tissue directly carved from paraffin blocks 

(thus avoiding microdissection from paraffin sections), gave results similar to 

microdissection. To further analyse the quality of the DNA samples, obtained 

from microdissection, 5 pi of DNA solution were used for amplification with 

B1/B27 Actin primers in a total volume of 25 pi containing, 10 mM Tris.Cl pH 

8.3, 1.5 mM MgCl2, 0.2 mM of each nucleotide, and 5 units Taq DNA 

Polymerase. Templates were denatured for 5 minutes at 9 5 X  and were 

subjected to 35 cycles at 94°C, 1 minute; 55°C, 1 minute, and 72°C, 2 

minutes. The PCR products were run on 1.5% agarose gel staining with 

ethidium bromide. DNA samples obtained from paraffin embedded tissue 

were also compared with the amplification obtained from DNA obtained from 

frozen tissue. The results are shown in figure 7.3. Amplification could be 

obtained using DNA obtained from frozen tissue.

7.4 AP-PCR on DNA extracted from frozen tissue.

DNA was extracted as described previously from frozen tissue samples 

collected in my laboratory from livers removed at transplantation, and stored 

at -BOX. DNA extraction generated usually a good yield, as measured by 

Spectrophotometry, and good quality DNA. AP-PCR amplification gave
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A. Control DNA (alpha 28E10) 

on the right hand side. The 

remainder of the PAGE lanes 

containing study DNA show 

either a “smear-like”pattern 

(arrows) or no patten at all. No 

bands are visible.

B. Control DNA (alpha 28E10) 

on the left hand side. The 

remainder of the PAGE lanes 

containing study DNA show 

complete absence of bands, 

or only very occasional visible 

bands (arrows).

Figure 7.1. AP-PCR using DNA obtained from paraffinized tissue.
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C  GB GB RN RN MRN MRN DN DN HCC HÇC Ç,

Figure 7.2. 2% Agarose gel electrophoresis of DNA extracted 
from paraffinized tissue, after microdissection. A “smear-like” 
electrophoretic pattern without visible bands, indicating 
marked DNA fragmentation.

RN=Regenerative nodule;
GB= Gall bladder;
MRN= Macroregenerative nodule;
DN= Dysplastic nodule;
HCC= Hepatocellular carcinoma;

C= control DNA (lambda uncut, 48 Kb)
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GB GB RN RN MRN MRN DN DN HCC HCC C NO

Figure 7.3. 2% Agarose gel electrophoresis of PCR products 
after PCR amplification using beta-actin primers (B1/127). No 
PCR products are present in the lanes containing the reaction 
products including DNA obtained from paraffinized tissue, 
after microdissection. PCR product is seen in the gel lane 
containing control DNA (arrow ).

RN= Regenerative nodule;
GB= Gall bladder;
MRN= Macroregenerative nodule;
DN= Dysplastic nodule;
HCC= Hepatocellular carcinoma.
C= Control DNA (alpha28 FE)
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reproducible results (Figure 7 4). Therefore, I decided to carry out my study 

using frozen tissue samples.

7.5 Effect of inhibitory substances on AP-PCR amplification

Amplification of DNA from clinical specimens is often hindered by endogenous 

inhibitory substances including haemoglobin and its degradation products and 

bile acids or substances such as EDTA, NaCI, sodium dodecyl sulphate or 

Triton X-100, FeCI3, fulvic, humic or tannic acids or extracted from faeces (Al- 

Soud et al. 2001 ; Okamoto et al. 1999; Kreader 1996).

An elevated quantity of bile can be present in liver nodules and inhibit the 

PCR reaction. Relief of amplification inhibition may be obtained using bovine 

serum albumin with some of these substances but not when bile salts are 

present in the PCR mixture (Kreader 1996). Filtration of bile components 

during the DNA extraction procedure may overcome this problem. The 

Phenol/Chloroform/Isoamyl alcohol protocol described above (chapter 2) is a 

widely used procedure for DNA extraction. Fiowever in my experience it does 

not guarantee complete purification of DNA from substances such as bile 

derivatives. Often, the final aqueous solution after DNA re-suspension is bile 

tinged, macroscopically, despite multiple extraction steps, and multiple 

washings with 70% alcohol. Purification kits, such as the clean-mix kit 

described above (chapter 2), are based on the interaction of a DNA binding 

resin with DNA and subsequent filtration during centrifugation. Apart from the 

advantage of allowing DNA extraction in a relatively short time (up to 1 hour 

for 10 samples) and the avoidance of toxic substances such as phenol, when 

DNA is extracted from tissue with high content of bile, the final aqueous 

solution remains clear and the inhibitory effects of bile on PCR amplification 

may be relieved.
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Figure 7.4. Polyacrilamide gel using DNA purified from 
frozen tissue.

Samples 1-13 Liver tissue

N= Negative control;
P=Control DNA (lambda uncut, 48 Kb)
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7.6 Fingerprint Analysis

The method of analysis of the AP-PCR fingerprint is of great importance 

because this determines the sensitivity and specificity limitations of the 

technique. This is particularly relevant to my work because I wish not only to 

qualitatively determine homogeneity versus heterogeneity, but I needed to 

establish what homogeneity means in this context, and also I wanted to 

quantify the degree of heterogeneity as nodular hepatocellular lesions 

progressed.

Previous work on the reproducibility of this type of analysis (De Juan et al. 

1998) indicates that band intensity changes of up to 20% could be produced 

by interassay variability. Therefore, increase or decrease of tumour band 

intensity should be considered informative only when greater by 20% 

compared to the corresponding signal from the normal control tissue.

Unequal amplification of both lanes could be due to poor DNA quality or 

reaction failure. Of all the normal-tumour tissue DNA fingerprinting pairs 

analysed in the study by de Juan et al (De Juan et al. 1998) only 5% 

displayed non-reproducible fluctuations in the in vitro amplification. In these 

cases quantitative changes could be spurious and should not be considered 

for AP-PCR analysis.

An index case was used to assess the most suitable technique for fingerprint 

analysis. AP-PCR was carried out using DNA obtained from a HCC, and 

normal reference tissue (gall bladder). After gel electrophoresis, 

autoradiography was carried out overnight and for 2-3 days at -80°C, and the 

film was developed. The film was then scanned using Imaging densitometer 

(BioRad, model GS-700) and the digital image was saved in TIFF format (256 

grey-level scale). The bands were analysed using two different methods.
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The first method was based on the manual count of the number of bands. 

TIFF format images were analysed using Adobe Photoshop version 5.0. Each 

image was adjusted with the Photoshop auto-level tool. A large number of AP- 

PCR amplified sequences can be resolved by electrophoresis. Only sharp 

spots clearly distinguishable from the background were considered as bands 

for the assessment of genomic damage. Fainter fragments not visible on a 

single autoradiograph after short exposure (e.g. overnight, -80°C), but clearly 

visible after long exposure (e.g. 2-3 days, -80°) were scored (Jeffreys et al. 

1985a). This was carried out superimposing carefully digital images taken at 

different exposure times (figure 8.6, chapter 8). Partially resolved faint bands, 

particularly towards the bottom of the gel, which could not be reliable 

assessed were ignored. The position of each band was identified using the 

Photoshop ruler tool and recorded on a separate sheet in order to be able to 

find the same spot in a subsequent analysis or compare with the second 

method used.

The presence or the absence of a band in the tumour lanes (as compared to 

normal reference tissue) was computed separately. The sum of changes (i.e. 

number of absent bands or the number of additional bands present in lesional 

tissue and not in normal reference tissue) was obtained and then divided by 

the total number of bands identified by the same primer in normal reference 

tissue. Indexes corresponding to band number increase (gains fraction), 

decrease (loss fraction), and the sum of both (genomic damage fraction 

(GDF) = gains fraction + losses fraction) were calculated, as described by 

Arribas et al (Arribas et al. 1997).

The second method was based on quantitative analysis of the bands using 

Quantity-one software version 4.2.10 (BioRad). In theory, the use of image 

analysis software should enable the investigator to quantify changes in band 

intensity. Therefore using the 20% threshold indicated by De Juan et al (De 

Juan et al. 1999) (see above) changes in band intensity above this threshold 

could be considered significant for allelic loss or gain. Alternatively, the
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variation in band intensity between samples of normal tissue could be used as 

normal reference range and band intensities above or below this range 

considered significant for allelic loss or gain. This approach was used in the 

present investigation as described below. After calibration on the background 

Intensity of film away from the electrophoretic lanes, and on the average 

individual lane background (where bands were not present), each band was 

selected using a "Marquee tool". As a default set-up. The Quantity-one 

software calculates the surface area of each band and returns the density of 

each band as volume optical density (VOD). Areas of equal size were used to 

compare equal bands in different lanes of the same film. Values obtained from 

these measurements were transferred onto a Microsoft Excel 2000 worksheet 

and plotted in a chart. The variation in band optical density between two 

bands of two different lanes of two samples of normal tissue was considered 

as reference range and values above or below this range when comparing 

bands from heterogeneous samples were considered as true variation of 

intensity. This analysis produced peak of volume optical density 

corresponding to each band. This analysis was first carried out on the first 73 

bands, identified using the criteria described above. To test the reproducibility 

of this assessment, a second test was carried out including 11 additional 

bands, for a total number of 84 bands. As shown in figure 7.5 and table 7.1, 

(the relative PAGE is shown In figure 8.2) an overall pattern of homogeneity 

(normal reference tissue) and heterogeneity (HCC) could be obtained, but 

there was marked variation between the two observations. When the data 

obtained from the quantification analysis were compared with the manual 

analysis, no correspondence was found.

7.7 Discussion

The AP-PCR technique uses primers chosen without regard to the sequence 

of genome to be fingerprinted. Thus, AP-PCR requires no prior knowledge of 

the molecular biology of the DNA samples to be investigated. The large
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Figure 7.5a. Index case. First assessment on first 73 bands.

Ctiart 1. Heterogeneous HCC as evident from the comparison of band intensity peaks 
between two lanes of electrophoresis

Chart 2. Homogeneous normal reference tissue. Compare with chart 2, figure 7.5b.

Charts 3 and 4. Differences between HCC and normal reference tissue. See also Table 7.1
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Figure 7.5b. Index case. Second assessment on additional 11 bands, for a total number of 84 
bands.

Chart 1. Heterogeneous HCC as evident from the comparison of band intensity peaks between two 
lanes of electrophoresis.

Chart 2. Normal reference tissue, showing marked difference between the two lanes. Compare 
with chart 2, figure 7.5a.
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Table 7.1 Investigation of method of quantification of genomic heterogeneity.

Table 7.1a. Index case. First assessment on first 73 bands identified. Gain, 
loss and genomic damage fraction of HCC compared to reference normal 
tissue, as assessed by calculation by densitometry.

Tissue Total number 
of bands

Gain
number

Gain
fraction

Loss
number

Loss
fraction

Total
loss&gain

Genomic damage 
fraction

HCC lane 1 73 35 0.48 1 0.01 36 0.49
HCC lane 3 73 41 0.56 0 0 41 0.56

HCC lanes 1+3 146 76 0.52 1 0.01 77 0.52

Table 7.1b. Index case. Second assessment using additional 11 bands for a 
total number of 84 bands. Same method of calculation by densitometry as 
above.

Tissue Total number 
of bands

Gain
number

Gain
fraction

Loss
number

Loss
fraction

Total
loss&gain

Genomic damage 
fraction

HCC lane 1 84 64 0.76 0 0 64 0.76
HCC lane 3 84 47 0.55 0 0 47 0.55

HCC lanes 1+3 168 111 0.66 0 0 111 0.66

Table 7.1c. Index case. Second assessment using additional 11 bands for a 
total number of 84 bands. Manual count using adobe photoshop.

Tissue Total number 
of bands

Gain
number

Gain
fraction

Loss
number

Loss
fraction

Total
loss&gain

Genomic damage 
fraction

HCC lane 1 84 16 0.19 14 0.16 30 0.35
HCC lane 3 84 30 0.35 13 0.15 43 0.51

HCC lanes 1+3 168 46 0.27 27 0.16 73 0.43
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number of bands amplified with a single arbitrary primer generates complex 

fingerprints that reflect differences between different DNA templates Each 

primer gives a different pattern of AP-PCR products, each with the potential of 

detecting polymorphisms between nodules. AP-PCR generates fewer bands 

with more unique patterns than does conventional fingerprinting (Preus et al. 

1993), thereby increasing the ability to discriminate between each clone. 

Because of the arbitrary nature of the priming events, the in vitro amplified 

sequences represent an arbitrarily chosen small representative sample of the 

template DNA. Therefore there is no bias regarding the chromosomal location. 

Furthermore, and in contrast to the restriction fragment length polymorphism 

approach, the AP-PCR method permits the direct cloning of the in vitro 

amplified DNA sequences.

One attraction of AP-PCR is that primers can be designed arbitrarily without 

prior knowledge of the template sequence required. At the low annealing 

temperature in the first few cycles, a degree of mismatch would be expected. 

Annealing of the 3' end is essential for polymerisation. Short and long primers 

would be expected to anneal perfectly or with a degree of mismatch at the 5' 

end. However, longer primers can yield more forms of annealing where 

mismatches occur in the centre of the primer sequence. Therefore, it is 

responsible for extra bands with longer primers and potentially greater 

discriminatory ability. By using a single, random primer and two cycles of low- 

stringency PCR followed by many cycles of high stringency PCR, we were 

able to produce a discrete and reproducible set of products characteristics of 

genomes. At a sufficiently low temperature, primers are expected to anneal to 

many sequences with a variety of mismatches. Some of these will be within a 

few hundred base pairs of each other and on opposite strands. Sequences 

between these positions will be PCR amplifiable. The extent to which 

sequences amplify will depend on the efficiency of priming primer annealing 

sites and the efficiency of extension. At early cycles, those that prime most

224



efficiently will predominate. At later times, those that amplify most efficiently 

will predominate

AP-PCR amplification depends on the use of one primer and subsequent gel 

electrophoresis. The major advantage of polyacrylamide gel electrophoresis, 

compared to agarose gel electrophoresis, is the distinction of many bands at 

high resolution. The advantage of using a denaturing gel is that it separates 

single stranded DNA products, thus permitting a better resolution (Sambrook 

et al. 1989).

Most of the previous studies (Fennelly et al. 1995; Okazaki et al. 1996; 

Yasuda et al. 1996; Sood et al. 1996; De Juan et al. 1999; Arribas et al. 

1997; Sirivatanauksorn 1999a; Sirivatanauksorn et al. 1999b; 

Sirivatanauksorn et al. 1999c; Sirivatanauksorn et al. 2001) based on AP- 

PCR used either radioactive AP-PCR or a non-radioactive technique with 

silver staining of polyacrylamide gels. The radioactive methods using either 
32p 33p 32p 33p ^gye 3 higher energy, require a shorter autoradiographic 

exposure period than ^^8 and have a shorter half-life than ^^8, with important 

safety and radioactive waste/storage disposal implications. ^̂ P has the 

advantage of higher energy and shorter autoradiographic exposure than ^̂ P, 

when carried out at -80°C (overnight exposure).

A silver staining protocol may be applied instead of autoradiography. This has 

been demonstrated to be reproducible and to enable sufficient visual 

resolution of PCR products and it has been demonstrated to be a versatile 

and cost saving technique with also the advantage of speed of analysis 

compared with autoradiography, and the possibility of permanent storage of 

the gel (Vogt et al. 1996). It also avoids the radioactivity hazard to laboratory 

personnel and the environment. This method has been criticized as not 

sensitive as radioactive techniques (8irivatanauksorn 1999a), although other 

authors state the sensitivity of this method is equal to radioactive techniques
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(Vogt et al. 1996). in my experience, this method is not as straightforward as 

described by Vogt et al (Vogt et al. 1996) particularly due to the 

fragmentation of the gel during the staining procedure, as shown in figure 7.6, 

when a specifically designed apparatus is not used (Vogt et al. 1996). In fact, 

an average AP-PCR gel is large, even when samples from a single case are 

examined, due to the necessity of running each sample in duplicate in terms 

of assay reproducibility for each primer and for each tissue sample. For 

example, a standard case consisting of 2 samples of HOC, 2 samples of DN, 

2 samples of MRN and 2 samples of normal tissue, will generate 24 bands 

and a final gel field measuring 20 by 40 cm, which is quite difficult to handle 

during the staining procedure without damage. Moreover, the procedure 

requires a sizeable bench space, cannot be carried out inside an extraction 

hood and exposes the operator to inhalation of the chemicals used for 
developing the staining.

In the original work by Sirivatanauksorn et al, radioactive labelling was 

performed on the 5' end of oligonucleotide primers. The kinase enzyme 

requires that the 5' end of the oligonucleotide have been previously 

dephosphorylated with alkaline phosphatase. The forward kinase reaction 

catalyses the exchange of the terminal y-phosphate, which is labelled with ^̂ P 

from the ATP to the terminal phosphate on the oligonucleotide. Conditions are 

as follows; 50 mM Tris.01 pH 7.5, 10 mM MgCb, 5 mM DTT, 0.5 mM 

spermidine, 100 pM of oligonucleotide, 50 Ci of [y-^^P]-dATP and 10 units of 

T4 polynucleotide kinase (T4 PNK) enzyme. The reaction is allowed to 

proceed for 1 h at 37°C, then at 95°C for 5 minutes. The reaction product is 

mixed with ethanol/Sodium Acetate and incubated at -70°C for 1 h, 

centrifuged at 4°C for 30 min at 12,000 g, vacuum dried for 10 minutes and 

resuspended overnight in lOpI dh20 at 4°C. In my experience this procedure 

is lengthy, increases costs, add more variables to the interpretation of those 

factors, which may affect the reaction, and involves an additional step in the 

handling of radioactive substances. Therefore, in this study the use of [y-^^P]-
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Figure 7.6. Non-radioactive AP-PCR and 
subsequent silver staining of polyacrylamide gel. 
Note the fragmentation of the gel after disassembly 
of the electrophoresis apparatus, and silver staining.
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dCTP directly in the AP-PCR reaction mixture was preferred, and gave 

satisfactory results.

The use of the manual methods for the quantification of the bands was 

preferred, because it became evident that the use of a morphometric 

approach was not reliable. This is further discussed in chapter 7.

In my experience the use of DNA extracted from formalin-fixed and paraffin 

embedded tissue in particular after microdissection from paraffin wax sections 

is difficult due to the poor quality and quantity of the yield. To my knowledge, 

the majority of studies on cancer using AP-PCR have been performed either 

using DNA obtained from frozen tissue (De Juan et al. 1998; Vogt et al. 

1996; Arribas et al. 1997) or from cell lines (Okazaki et al. 1996; Yasuda et 

al. 1996) or cell suspensions (Fennelly et al. 1995; Liang et al. 1998). In 

some cases the methodology of DNA extraction from tissue is not detailed 

(Yasuda et al. 1996; Sood et al. 1996; Liang et al. 1998). Sood and Buller 

(Sood et al. 1996) do not specify the methodology of DNA extraction, but 

discuss that AP-PCR does not produce interpretable patterns from DNA 

isolated from paraffin embedded tissue. In my experience, DNA obtained from 

frozen tissue should be preferred, as it allows more reproducible results than 

DNA obtained from paraffin embedded tissue. Microdissection may be applied 

to cryostat sections, but this will be the subject of further work.
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CHAPTER 8

Genomic heterogeneity and homogeneity 

in HCC and precursor nodular lesions in 

cirrhotic liver.
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8.1 General considerations

The development of a neoplasm is considered to be the effect of initiation and 

progression. Progression includes the subsequent clonal expansion of 

transformed and genetically unstable cells which may produce sub-clones some 

of which can acquire the phenotypic characteristics necessary to invade adjacent 

structures, provoke angiogenesis, escape immunological surveillance and 

metastasise (Nowell 1976). Thus an initially monoclonal, monotypic neoplasm will 

exhibit intralesional genomic heterogeneity as neoplastic progression towards 

malignancy occurs. In other words, monoclonality is said to identify neoplastic 

cell populations but does not indicate malignancy. Malignancy is associated with 

tumour progression, with increasing tumour grade and tumour heterogeneity as 

malignant neoplasms acquire the capability of invasion and metastasis. The 
identification of genomic heterogeneity within a neoplastic population (defined for 

present purposes by monoclonality) implies that spontaneous genomic mutations 

have occurred which may eventually lead to frank malignancy. This tumour 

evolution is shown in Figure 8.1.

Synchronous HCC are often found in the livers of cirrhotic patients. Previous work 

(Sirivatanauksorn et al. 1999c) has demonstrated that multiple, synchronous 

HCC exhibit different fingerprints pattern, suggesting a multifocal origin.

In chapter 5 I have investigated clonality in HCC and its putative precursor 

nodular lesions. In this chapter, I have investigated the presence and degree of 

intra-lesional genomic heterogeneity in HCC and its putative precursor nodular 

lesions, as an indication of progressive ("malignant") lesions. The issue of 

genomic heterogeneity in synchronous nodular lesions has also been addressed.
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8.2 Material and Methods

The details of the technique used are discussed in chapters 1, 2 and 7. Twenty- 

six nodular lesions (11 HCC (median size 23 mm, range 16-70 mm diameter), 2 

DN (11 and 13 mm diameter, respectively), and 13 MRN (median size 10 mm, 

range 6-23 mm diameter) were sampled from 7 cirrhotic livers and tissue samples 

(as listed in table 8.1) were used to analyse the genomic fingerprint patterns. At 

least two (except for 3 MRN, and 2 HCC) frozen tissue samples were taken from 

different parts of each nodule, subjected to AP-PCR, and the "fingerprint" of each 

part was compared with the other parts by the manual band quantification method 

described in chapter 7. PCR mixture devoid of DNA was used as negative control. 

Control DNA alpha 28E10, was used as positive control. Two different primers 

(AR3 and ZF3, see chapter 2) were used to amplify the genomic DNA of each 

sample. Normal gall bladder tissue or tissue adjacent to the liver such as adipose 

tissue from the falciform ligament from each patient was used to generate the 
fingerprint pattern of their normal constitutional DNA for comparison.

I thank Dr F Demichelis and Dr A Sboner, IRST Trento, Italy for advice and 

guidance for the statistical analysis of this work. Differences in values of total 

genomic damage fraction were tested with Mann-Whitney U test. The correlation 

between size and genomic damage fraction was calculated as correlation 

coefficient, with f test for significance. The criterion used for statistical significance 

was P < 0.05.
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Table 8.1. Number and size of nodules studied and aetiology of cirrhosis

Patient Sex Cause of cirrhosis Number of HCC 
nodules 
(size in mm)

Number of 
DN
(size in mm)

Number of MRN 
(size in mm)

1 Female Cryptogenic 1(70)
2 Male Alcohol,HCV 1(16) 1(6)
3 Male Haemochromatosis, a1- 

antitrypsin deficiency
1(16) 1(13)

4 Male Alcohol 1(35)
5 Female Cryptogenic 1(20) 1(11) 1(19)
6 Male Alcohol 5(16,20,23,25,40) 3(10,15,16)
7 Female Cryptogenic 2(6,23)
8 Female HCV 2(7)
9 Female PBC 3(10,10,10)
10 Female PBC 1(15)
11 Female HCV 1(28)



8.3 Results

8.3.1 Intralesional genomic heterogeneity

The results are summarized in table 8.2. Nine HCC and both DN were 

heterogeneous. Two MRN were heterogeneous. Eight MRN were 

homogeneous. Two HCC and 3 MRN for which only one set of genomic 

fingerprints was available, showed a different pattern when compared to 

normal reference tissue. Nodules were homogeneous or heterogeneous when 

either primer was used. Different genomic patterns were noted between 

different areas of all histologically overt HCC (genomic heterogeneity) 

(Figures 8.2, 8.3 and 8.4). Both areas from each tumour appeared to be 

different from the fingerprint pattern RN or normal reference tissue. No 

differences were noted between RN and normal reference tissue in most 

cases. In two cases the RN showed some degree of heterogeneity when the 

genomic fingerprints of two areas were compared (Figures 8.3 and 8.4). 

Different genomic patterns were noted between different areas of DN 

(genomic heterogeneity) (Figure 8.5).

The majority of MRN showed an identical fingerprint pattern (Figure 8.6) when 

two separate areas of each lesion were compared (genomic homogeneity). 

Two of these homogeneous nodules from one patient were identical but 

different when compared to a third MRN, the RN and the normal reference 

tissue (Figure 8.7). Two MRN showed a heterogeneous genomic fingerprint 

pattern.

8.3.2 Genomic heterogeneity/homogeneity in synchronous nodules

Synchronous HCC are often found in cirrhotic livers. Previous work using AP- 

PCR technique (Sirivatanauksorn 1999a; Sirivatanauksorn et al. 1999c) was
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Table 8.2. Genomic homogeneity and heterogeneity in HCC and precursor nodular lesions.

Table 8.2a. HCC
Case Size Homog/heterog HCC 

(mm)
HCC HCC HCC DN MRN RN Normal

tissue
1 70 Heterog Dissimilar Dissimilar
2 16 n.a. Dissimilar n.a. Dissimilar
3 16 Heterog Dissimilar Dissimilar Dissimilar
4 35 Heterog Dissimilar Dissimilar
5 20 Heterog Dissimilar Dissimilar Dissimilar Dissimilar
6 16 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 20 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 23 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 25 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 40 n.a. Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
11 28 Heterog Dissimilar Dissimilar

Table 8.2b. DN
Case Size (mm) Homog/heterog HCC MRN RN Normal tissue
3 13 Heterog Dissimilar Dissimilar Dissimilar
5 11 Heterog Dissimilar Dissimilar Dissimilar Dissimilar

Table 8.2c. MRN
Case Size Homog HCC HCC HCC HCC HCC DN MRN MRN RN Normal

(mm) /heterog tissue
2 6 n.a. Dissimilar Dissimilar
5 19 Heterog Dissimilar Dissimilar Dissimilar Dissimilar
7 23 Homog Identical Identical Identical
7 6 Homog Identical Identical Identical
6 15 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 16 n.a. Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 10 n.a. Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
8 7 Homog Identical Dissimilar n.a.
8 7 Homog Identical Dissimilar n.a.
9 10 Homog Identical Dissimilar Dissimilar Dissimilar
9 10 Homog Identical Dissimilar Dissimilar Dissimilar
9 10 Homog Dissimilar Dissimilar Identical Identical
10 15 Homog Identical Identical

n.a. Only one sample was available for analysis. Dlssimllar= the genomic fingerprint of one nodule was dissimilar i.e. polymorphic compared to the genomic fingerprint pattern 
of other nodules (i.e. RN, MRN, DN or HCC) in the same liver, or compared to reference normal tissue. Id en tica l the genomic fingerprint of one nodule was identical compared 
to the genomic fingerprint pattern of other nodules (i.e. RN, MRN, DN or HCC) in the same liver, or compared to reference normal tissue. Heterog= heterogeneous, i.e. the 
fingerprint pattern of two or more parts of the same nodule is Dissimilar. Homog= homogenous, i.e. the fingerprint pattern of two or more parts of the same nodule is identical.
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Figure 8.2. AP-PCR fingeprints from a 70 mm diameter, 
markedly heterogeneous, HCC, RN and normal reference 
tissue (GB). The genomic damage fraction (GDP) of this HCC 
was 0.39.

Primer=ZF3

HCC= Hepatocellular carcinoma 
RN= Regenerative nodule 
GB= Gall bladder
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Figure 8.3. Patient 6. Synchronous heterogeneous HCC, MRN, RN and 
gall bladder. The arrow (top right) shows one missing band in one lane of 
RN. The HCCs showed a genomic damage fraction ranging from 0.18 to 
0.45. The MRNs showed a genomic damage fraction ranging from 0.11 to 
0.33

Primer ZF3

HCC= Hepatocellular carcinoma 
MRN= Macroregenerative nodule 
RN= Regenerative nodule 
GB= Gall bladder
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Figure 8.4. AP-PCR fingerprints from 35 mm heterogeneous HCC,gall 
bladder and RN. HCC genomic damage fraction was 0.14. The double 
arrows show points of band discrepancy.

Primer AR3.

HCC= Hepatocellular carcinoma
GB= Gallbladder
RN= Regenerative nodule
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Figure 8.5. Patient 3. Fingerprints of a 13 mm DN (GDF= 0.17) are 
compared to RN and gall bladder. The arrows show different band 
patterns between two halves of the same nodule. The RN also shows 
some degree of heterogeneity. Autoradiographs at different exposure 
times have been superimposed, see text.
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Figure 8.6. Patient 7. AP-PCR fingerprints of MRN, RN and gall bladder, showing a 
homogeneous pattern.

8.6a and 8.6b = autoradiography of the same gel at different exposure time (8.6a -80 degrees 
centigrade overnight; 8.6b -80 degrees centigrade 48 hours).
8.6c. Careful digital reconstruction and gray scale level adjustment allows the comparison of 
otherwise over or under exposed lanes.
For discussion see chapter 7.

Primer Zf3

M RN = M acro regenera tive  nodule 
RN= R egenera tive  nodule 
G B = G a ll b ladder
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MRN MRN RN RN GB GB

Figure 8.7. Patient 9. A 10 mm diameter 
MRN (GDF= 0.03). This nodule appeared to 
be in te rna lly  hom ogenous, but the 
fingerprint pattern was different (the band 
indicated by the arrow is missing in the MRN 
lanes) from RN and normal reference tissue. 
Autoradiographs at different exposure 
times, have been superimposed, see text.

Primer AR3

MRN= Macroregenerative nodule 
RN= Regenerative nodule 
GB= Gallbladder
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aimed to demonstrate whether HCC in human liver develops from a single 

clone or from multiple parallel clones, i.e whether synchronous tumours are 

de novo lesions rather than intrahepatic métastasés. In that previous work, 54 

HCC (mean size 7.69 mm) and 31 MRN (mean size 7.87 mm) from 13 

cirrhotic patients showed different fingerprint pattern. No two nodules (either 

RN or HCC) had identical electrophoretic patterns. Contrary to expectation, 

even "satellite" nodules in close proximity within the same segment of the liver 

were found to have distinct genomic patterns. These data suggested that 

synchronous HCC were de novo lesions rather than intrahepatic métastasés 

(Sirivatanauksorn et al. 1999c).

In my work, the genomic fingerprint pattern of each heterogeneous lesion (i.e. 

all HCC and DN and 1 MRN) was different when compared to any other lesion 

in the same liver, the RN and the reference normal tissue. The genomic 

fingerprint of each homogeneous lesion (i.e. 3 MRN) was identical to any 

other homogeneous lesion in the same liver, the RN and the reference normal 

tissue, except for two lesions (see above and table 8.2). I have analysed 

synchronous HCC in one patient (Figure 8.3), and found that each showed an 

intralesional heterogeneous fingerprint pattern and a fingerprint pattern 

different from any other synchronous nodule, the RN and reference normal 

tissue. Three MRN (from the same patient) of which intralesional 

heterogeneity was not assessed (due to failure of the PCR reaction in one 

lane) showed a different fingerprint pattern from other synchronous lesions, 

RN and normal reference tissue.

8.3.3 Quantitative and qualitative assessment of genomic 
heterogeneity

In this study, quantitation of genomic damage was carried out using the 

calculation of band gain, band loss and total genomic damage fraction (see 

chapter 7). The results are shown in tables 8.3 to 8.6 and charts 8.1 and 8.2.

242



Table 8.3. Average total genomic damage fraction (GDF) in HCC, DN,
MRN, RN, and combinations of nodules.

Tissue __ GDF
Average Std

HCC 0.29 0.12
DN 0.14 0.05

MRN 0.08 0.11
HCC, DN. MRN 0.17 0.15

HCC, DN, MRN, RN 0.13 0.15
RN 0.02 0.02

MRN.DN, RN 0.06 0.09
MRN.DN 0.09 0.11
HCC.DN 0.26 0.12
MRN, RN 0.05 0.09

Chart 8.1. Average GDF in HCC, DN, MRN, RN, and combinations of 
nodules.

Average value of total genomic damage fraction (GDF)

0.35
o 0.3
15 0.25
>
0) 0.2
O)(0 0.15k.

0.1>
< 0.05

0 tu
□  GDF Average.

RN, MRN, DN, HCC and combinations

HCC= Hepatocellular carcinoma 
DN= Dysplastic nodule 
MRN= Macroregenerative nodule 
RN= Regenerative nodule
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Table 8.4. Band gain, band loss and total genomic damage fraction (GDF) in
nodular lesions compared to reference normal tissue.
Patient Lesion

1
2
3
4
5
6 
6 
6 
6 
6 *  

11 
3 
5
5 
2 ‘

6 
6 *  

6 
7
7
8 
8*  

9 
9
9
10 
1
3#
4*
5*
6
7*
9*
10
11

HCC
HCC
HCC
HCC
HCC
HCC
HCC
HCC
HCC
HCC
HCC
DN
DN

MRN
MRN
MRN
MRN
MRN
MRN
MRN
MRN
MRN
MRN
MRN
MRN
MRN
RN
RN
RN
RN
RN
RN
RN
RN
RN

Size
(mm)

70
16
16
35
20
16
20
23
25
40
28
13
11
19
6
15 
10
16 
23 
6 
7 
7 
10 
10 
10 
15 
2 
2 
2 
2 
2 
2 
2 
2 
2

Number of 
bands**

224
78
158
134
130
178
124
178
124
54
91
158
76
128
36
143
54
143
110
110
60
60
90
138
138
82

224
116
100
76
178
52
42
82
64

Band
gain
umber

Band
gain

fraction

Band
loss

number

Band
loss

fraction

Total band 
loss & gain

GDF

57 0.25 32 0.14 89 0.39
5 0.06 4 0.05 9 0.11
9 0.05 35 0.22 44 0.27
10 0.07 9 0.06 19 0.14
14 0.1 27 0.2 41 0.31
5 0.02 28 0.15 33 0.18
8 0.06 48 0.38 56 0.45
17 0.09 27 0.15 44 0.24
14 0.11 42 0.33 56 0.45
7 0.13 14 0.25 21 0.38
3 0.03 19 0.2 22 0.24

23 0.14 5 0.03 28 0.17
0 0 8 0.1 8 0.1
2 0.01 10 0.07 12 0.09
1 0.02 6 0.16 7 0.19
14 0.09 25 0.17 39 0.27
9 0.16 9 0.16 18 0.33
1 0.006 15 0.1 16 0.11
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 3 0.03 3 0.03
0 0 6 0.04 6 0.04
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 0.008 6 0.05 0.06
0 0 0 0 0 0
0 0 0 0 0 0
7 0.04 1 0.005 8 0.04
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
3 0.04 0 0 3 0.04

Legend: HCC=Hepatocellular carcinoma; MRN=Macroregenerative Ndule; DN= Dysplastic Nodule; RN= Regenerative 
nodule.

# In this case fingerprints from two different samples of gall bladder showed (with primer ZF3) a difference of 1 band out of 
42 This different band was in a different location of the electrophoretic spread compared to the one band difference seen in 
the corresponding cirrhotic liver * one primer only. In case 8 no normal reference tissue was available and cirrhotic liver was 
used as reference. In case 2 no cirrhotic liver was available for analysis. ** total number of bands in normal tissue used for 
gain and loss assessment
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Table 8.5. Comparison* (P value) of total genomic damage fractions (GDF) 
between different types of nodules.

Nodules Average
GDF

Comparison Nodules Average GDF P value

HCC 0.29 DN n.a. n.a.
HCC 0.29 MRN 0.08 <0.002
HCC 0.29 — ». RN 0.02 <0.001
HCC 0.29 - » . MRN, DN, RN 0.06 <0.001
HCC 0.29 MRN, DN 0.09 <0.001
DN n.a. - » MRN 0.08 n.a.
DN n.a. RN 0.02 n.a.
MRN 0.08 RN 0.02 n.s.
MRN, DN, HCC 0.17 — ». RN 0.02 <0.01
MRN,DN 0.09 — » RN 0.02 n.s.
HCC,DN 0.26 — » RN 0.02 <0.001
HCC,DN 0.26 — » MRN 0.08 <0.002
HCC,DN 0.26 MRN, RN 0.09 <0.001

n.a. Only two DN available. This number was considered insufficient for further analysis, 
n.s. Not significant.
* This refers to the difference in total genomic damage fraction (GDF) between nodules and 
combinations of nodules as defined by the conventional histological criteria.
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The average value of total genomic damage (GDF) fraction (i e the fraction of 

the total number of bands identified in the reference normal tissue of each 

case) increased from RN to MRN, DN and HCC (tables 8.3, 8.4 and 8.5 and 

chart 8.1). In particular there appeared to be a significant difference between 

HCC and the other morphological categories of the nodules when these were 

considered separately or when they were considered together, between the 

group of nodules composed of MRN, DN and HCC together and RN, and 

between the putative neoplastic lesions (i.e. HCC and DN) and the rest of the 

tissue. The group of nodules composed of DN and MRN showed a lower GDF 

compared with HCC (table 8.5).

A significant positive correlation was found between increase of total genomic 

damage fraction (GDF) and nodule size (Tables 8.6, chart 8.2).

To summarize, the results of my work show that:

• Nine HCC and both DN were heterogeneous. Two MRN were 

heterogeneous. Eight MRN were homogeneous. Two HCC and 3 MRN 

for which only one set of genomic fingerprints was available, showed a 

different pattern when compared to normal reference tissue;

• Genomic damage expressed as total genomic damage fraction (GDF) 

is highest in HCC and lowest in RN, with an intermediate value in the 

MRN group;

• There is a positive correlation between size and total genomic damage 

fraction (GDF).

Although the differences in GDF between different types of lesion, and the 

correlation between GDF and lesional size reached statistical significance, 

this analysis was carried out on a total number of 26 nodular lesions, and 

more cases should be studied when informative material becomes available.
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Table 8.6. Correlation between total genomic damage fraction (GDF) and 
size.

Nodules Median lesional size (mm) Average GDF Correlation coefficient P value
HCC 23 0.29 0.33 <0.02
HCC.DN 20 0.26 0.44 <0.005
HCC,DN, MRN 16 0.17 0.53 <0.001
DN,MRN 10 0.09 0.01 <0.005
MRN 10 0.08 0.01 <0.01
DN n.a. n.a. n.a. n.a.

n.a. Only two DN available. This number was considered insufficient for further analysis.

Chart 8.2. Correlation between total genomic damage fraction (GDF) and 
lesional size.

HCC, MRN and DN. Lesional size vs total genomic 
damage fraction (GDF)

0.5

0.4

0.3ILO
(D 0.2

0 20 40 60 80

A GDF
 Linear (GDF)

Size (mm)

This chart shows the correlation between increasing lesional size and increasing genomic 
alteration, when HCC, MRN and RN are considered.
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8.4 DISCUSSION

8.4.1 Technical considerations

AP-PCR is a highly specific technique that is able to generate species-specific 

and individual diagnostic DNA fingerprints (Schlegel et al. 1996). Since this 

technique was originally established by Welsh and McClelland to detect 

bacterial strains (Welsh et al. 1990) it has been extensively used for 

microbiological studies and may also be applied in the meat industry for 

determining meat origin and adulteration for example by identifying two 

different animal species in bulk supply (Mohan et al. 1995). In the work by 

Yasuda et al (Yasuda et al. 1996) the fingerprint pattern of the mouse and the 

Chinese hamster was markedly different. Interestingly, AP-PCR cannot 

always detect differences between individuals of the same species. De Juan 

et al (De Juan et al. 1998) in their study on genomic damage in non-small-cell 

lung cancer, using two primers (6s and 5-6a), identified in some cases (the 

precise number was not specified) changes when comparing fingerprints from 

different patients, implying that in many cases the overall fingerprint pattern 

was identical among different individuals (as it is also apparent from the 

illustration of their results). When these inter-individual differences were 

present, they were explained as evidence of polymorphism in the human 

population, and not related to carcinogenesis, because they were present in 

both normal and tumour tissue. Vogt et al (Vogt et al. 1996) also showed 

inter-individual polymorphism using a JS2 primer. Although not specifically 

discussed, it is apparent from the illustrations shown in other similar works by 

Sirivatanauksorn (Sirivatanauksorn 1999a) (who used the same primers as in 

this study, (Sood et al. 1996), and Arribas et al (Arribas et al. 1997) (who 

used 331DB2, 62R1 and D12S77 primers), that inter-individual polymorphism 

is not always detectable.
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The identification of individuals in forensic medicine is based on micro- 

aiielotyping, which is performed using probes specific for highly polymorphic 

regions (Jeffreys et al. 1985b; Jeffreys et al. 1985c). The arbitrarily chosen 

primers used for AP-PCR are not specific for any known sequence, and this 

presumably includes the highly polymorphic regions detected by micro- 

allelotyping in forensic work. This would explain why inter-individual 

polymorphism cannot be always detected using AP-PCR. The ZF3 and AR3 

primers used in this work are indeed not specific for any known sequence of 

the human genome, and this has been verified using the GeneBank search 

engine BLAST, available on the website of the National Center for 

Biotechnology Information (http://www.ncbi.nlm.nih.gov/).

An important question is whether this technique is sensitive enough to detect 

minor genomic changes, which may nevertheless be functionally important in 

tumour development and progression. In the work by Arribas et al (Arribas et 

al. 1997) AP-PCR detected a lesser number of allelic losses compared to 

fractional allelic loss of chromosomal arms by microallelotyping in other 

studies. This discrepancy was attributed to the fact that AP-PCR may not 

detect losses of heterozygosity without overall loss of genetic material due to 

mitotic recombination or duplication. On the other hand, the presence of an 

identical fingerprint pattern among subjects affected by the same neoplastic 

disease raises the possibility that the particular genomic configuration of an 

individual may represent a predisposing pattern to the development of a 

specific tumour. Moreover identical fingerprint patterns among tumours from 

different patients may represent a common pathway of tumour development 

and progression. This hypothesis should be explored with further studies.

8.4.2 Intranodular heterogeneity

In this work genomic fingerprinting was used to investigate intra-lesional 

genomic heterogeneity in RN, MRN, DN and overt HCC. The results of this
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work partly confirm the studies of Sirivatanauksorn et al (Sirivatanauksorn 

1999a; Sirivatanauksorn et al. 1999b) Those studies are, to my knowledge, 

the only published work in the literature using genomic fingerprinting by AP- 

PCR on HCC and its putative precursors in cirrhotic liver. In those studies 

genomic fingerprinting was used to investigate synchronous HCC 

(Sirivatanauksorn et al. 1999c) (i.e. whether they are de novo lesions or 

intrahepatic métastasés) and the fingerprint pattern of HCC at different stages 

defined by tumour size (Sirivatanauksorn et al. 1999b). Precursor nodular 

lesions of HCC were marginally investigated in the first study, in order to 

assess differences with overt HCC.

In their first study (Sirivatanauksorn et al. 1999c), Sirivatanauksorn et al 

showed that DMA fingerprints of MRN were different from those of HCC even 

in the same patient, and also different from non-tumour tissue and normal 

tissue taken from the gall bladder. In addition, there was a distinctly different 

molecular profile among all MRN examined. However, intralesional 

homo/heterogeneity was not assessed in either MRN or DN.

In their second study (Sirivatanauksorn et al. 1999b), Sirivatanauksorn et al 

identified genomic heterogeneity in HCC of size greater than 6 mm, but HCC 

smaller than 6 mm showed intralesional genomic homogeneity. Intralesional 

homo/heterogeneity of precursor lesions was not investigated.

I have identified intra-lesional heterogeneity in all HCC and both DN. Some 

MRN showed an intralesional homogeneous pattern also identical to RN and 

reference normal tissue, while two showed an intralesional heterogeneous 

pattern also different from RN and reference normal tissue. Interestingly two 

internally homogeneous MRN from one patient were different from the RN and 

the normal reference tissue. Some degree of heterogeneity was also found 

between two separate samples of RN in two cases. This is in agreement with
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Yeh et al (Yeh et al 2001), who have shown that about half of monoclonal 

cirrhotic nodules contain chromosome aberrations (see chapter 9).

Therefore the only discrepancy between the work of Sirivatanauksorn and the 

present study is that in the present work some MRN are not different from the 

background liver. This discrepancy may be due to the study of a different 

cohort of patients. Sirivatanauksorn's work was carried out on 54 nodules 

from 11 patients. Of these nodules 43 were HCC obtained from 6 patients 

with a median of 7 HCC per patient (range 1 to 15). Perhaps the non-overtly 

neoplastic cirrhotic background of such livers with high number of 

synchronous (and presumably de novo, as those data suggest) HCC may 

consist of a particularly genomically unstable soil for cancer development. 

Unfortunately, no data on the homogeneity/heterogeneity of different areas of 
the background cirrhotic liver were shown, by Sirivatanauksorn et al, and to 

test the specificity of the technique only different areas from normal tissue 

from the gall bladder were studied (and showed identical fingerprints). This 

would be confirmed in the present study by the fact that the genomically 

heterogeneous MRN or the MRN with different fingerprint pattern to the RN, 

and the heterogeneity found in RN were mostly identified in patients with 

concomitant HCC and multiple nodules (table 8.2).

In the work by Sirivatanauksorn et al (Sirivatanauksorn et al. 1999b) the 

different (from normal tissue or cirrhotic liver) genomic fingerprint pattern of 

MRN showed that, despite the lack of borderline features (as defined by the 

histological classification used in that work (Ferrell et al. 1993), any 

macroscopically evident nodular proliferation in such highly predisposed 

background may have already detectable genomic instability anticipating the 

development of morphological features of malignant transformation. Patient 9 

of my series had 3 homogeneous MRN, two of which had a fingerprint pattern 

different from the rest of the tissue examined. It may be hypothesised that 

these nodules (homogeneous but different from the rest of the tissue)
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represent the first step in the neoplastic progression, which is followed by the 

acquisition of internal heterogeneity, which gradually increases (as discussed 

below) with further progression towards malignancy (fig 8.1). This is supported 

by the identification of genomic heterogeneity in those nodular lesions with 

morphological features suggestive of this progression (i.e. DN) and in overt 

HCC. This is also in agreement with the recent findings by Yeh et al (Yeh et 

al. 2001).

Another possible explanation for the discrepancy between the present work 

and the work by Sirivatanauksorn et al (Sirivatanauksorn et al. 1999b; 

Sirivatanauksorn et al. 1999c), in terms of MRN genomic homogeneity, is that 

the present work was carried out on frozen samples obtained at random from 

separate areas of the same lesion. This was due to the impossibility of 

reproducing Sirivatanauksorn's work on paraffin embedded tissue, as 
discussed above (chapter 7). It is possible that random samples without 

histological guidance may have been taken within a relatively homogeneous 

intra-lesional region, missing other areas of genomic diversity, and thus 

obtaining a false intratumoral genomic homogeneity. Developing a 

microdissection technique on cryostat sections could solve this problem, and 

this will be the subject of further work. Nevertheless, this particular point 

emphasises the limitation that sampling error imposes on the use of fine 

needle biopsy in the histological assessment, and raises questions about the 

possible application of molecular biology techniques to biopsy material in the 

future. Again, whether DNA fingerprinting may be used or not for the 

assessment of genomic heterogeneity on biopsy material will be the subject of 

further work.

In the present work, two paired samples of a gall bladder showed a 

discrepancy of one lane. This is an important observation, as the definition of 

heterogeneity strictly depends on the homogeneity versus heterogeneity 

status of non-diseased tissue, and the threshold for establishing whether a
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lesion is heterogeneous or not has to be decided on the basis of the intrinsic 

heterogeneity of otherwise normal tissue The heterogeneity of normal tissue 

in this case is unexplained. This was a male patient affected by 

haemochromatosis and alpha-1 antitrypsin deficiency, in whom no apparent 

disease of the biliary tract was present. In a female patient, it would be 

conceivable to think that the two samples were by chance obtained from two 

different mucosal Lyonization patches each showing a different pattern of X- 

chromosome inactivation in a region of the genome to which the arbitrary 

primer may bind, therefore identifying a distinct pattern. In this case the band 

missing in one lane from gall bladder mucosa was not missing in the 

remainder of the lanes from RN, MRN and HCC when the same location of 

the electrophoretic spread was analysed. In the same patient the RN showed 

a mild heterogeneous pattern (GDF=0.06), but again in different locations 

compared to the site of band loss of the gall-bladder sample lane. Whether 
this one band-difference is related to the particular genotype of this patient 

with two genetic disorders (alpha-1-antitrypsin deficiency, 

haemochromatosis), is unknown. In theory the genetic abnormality should be 

maintained in the cirrhotic liver, at least, unless the development of genetic 

mutations in the neoplastic transition starts from that specific locus. This 

interesting hypothesis, providing a possible link between the genotype of this 

individual and tumour development, could only be further investigated with 

analysis of that specific band with a sequencing technique. Regardless of the 

cause of this "heterogeneity" within putative non-diseased normal tissue, in 

my opinion, the decision regarding setting up a heterogeneity threshold 

depends on the status of normal tissue in each case. If heterogeneity is found 

in normal tissue up to a certain point, then, until the significance of this 

heterogeneity is clarified, probably the most practical approach is to exclude 

all bands from the other lanes from calculation, regardless of their 

"homogeneous" or "heterogeneous" status, therefore resetting the reference 

threshold to zero, for each individual case. It may well be that, like in this 

case, if the remainder of the tissue shows homogeneity at that locus, then the
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heterogeneity observed in normal tissue may be ignored, but again, this can 

be accepted only after investigation of the nature of these changes

8.4.3 Genomic heterogeneity/homogeneity in synchronous HCC

In the present work, up to five synchronous HCC were seen in one patient 

only, whereas the other HCC were single or at the most associated with 

concomitant DN or MRN, suggesting that genomic instability in the 

background cirrhotic liver may be present at different levels of magnitude. Of 

five HCC genomic fingerprinting was available for four (in one the 

amplification reaction failed) and showed intra-lesional heterogeneity and a 

genomic pattern different one to another, in agreement with the findings by 

Sirivatanauksorn et al (Sirivatanauksorn et al. 1999c) and supporting the 
theory that these synchronous HCC are multifocal tumours rather than intra

hepatic metastasis. In support of this theory, is the fact that RN and MRN in 

the same case showed a heterogeneous and different fingerprint pattern 

respectively, suggesting an underlying genomic instability in the cirrhotic liver, 

as part of field changes.

On the other hand, it could be hypothesized that the intra-hepatic spread of an 

internally heterogeneous lesion could generate a heterogeneous metastatic 

deposit. Therefore a different fingerprint pattern should not be used 

uncritically as confirmation of multifocality. This question may be answered 

combining fingerprinting with microdissection techniques, in order to establish 

whether a degree of similarity exist between areas of different tumours 

showing similar phenotypic characteristics, although it would still be 

impossible to exclude the effect of field changes and specific molecular 

pathways of tumour progression. Further AP-PCR of primary tumours with 

documented recurrences and métastasés is necessary to establish whether 

métastasés are homogeneous/heterogeneous and have similar or different 

genomic fingerprint as each other.
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It could be hypothesized that in the patients with Individual HCC, DN or 

patients with homogeneous MRN, a low magnitude of field changes result in 

only rare events of malignant transformation, whereas the opposite occurs in 

patients with multiple HCC and in the "highly unstable" livers of 

Sirivatanauksorn's work.

8.4.4 Quantitation of genomic changes in HCC and putative 
precursor nodular lesions

Tumour progression correlates with the accumulation of genomic alterations. 

Arribas et al (Arribas et al. 1997) demonstrated that the genomic damage 

fraction (i.e. the total of band increases or losses between normal and 

neoplastic tissue) as assessed by AP-PCR correlates with phenotypic and 
prognostic variables in colo-rectal cancer. In particular, an increase in 

genomic damage fraction is associated with a poor degree of differentiation as 

well as reduced disease free and overall survival.

My results show that the degree of genomic alteration gradually increases in 

RN, MRN, DN and overt HCC, as defined by conventional histological criteria. 

In addition, when all distinct nodular lesions (i.e. MRN, DN, and HCC) are 

analysed together, there is a positive correlation between lesional size 

increase and genomic alteration. This suggests that the progression from 

cirrhotic liver to overt HCC is accompanied by accumulation of genomic 

aberrations. However, more cases are needed to confirm the significance of 

these findings, as this analysis was carried out on a limited number of cases 

due to the necessity of using DNA obtained from frozen material.
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8.4.5 AP-PCR and qualitative changes.

Although it has been stated that AP-PCR may detect qualitative changes in 

the form of band shifts (Perucho 1996), I have found this assessment 

extremely subjective, as it is difficult to establish in which direction the band 

shift has occurred and whether the observation represents a true band shift or 

the combination of an band loss or gain (Figure 8.8). Arribas et al (Arribas et 

al. 1997) and De Juan et al (De Juan et al. 1998) showed that 20% variation 

in band intensity as determined using image analysis software, could be used 

for the calculation of gain or loss fraction. I have found this approach difficult 

and not completely reproducible (see chapter 7). Despite using equal 

amounts of DNA for each PGR reaction and equal amounts of PGR product 

for gel loading, differences in signal intensity between different lanes were still 

seen. The result of these differences renders the procedure of calibration of 

the image analysis software difficult and time consuming. Each lane has to be 

calibrated against the total background and against its own background. 

When the intensity of the background signal is strong, often high intensity 

bands can still be detected by eye, but the image analyser does not detect the 

difference between band and background signal, subtracting the entire value 

from the measurement and generating a falsely negative result (Figure 8.9). 

Image analysis of band intensity may have some value in confirming variation 

of band intensity, which is evident by eye, although the practicality of this is 

affected by the high number of bands (ranging between 42 and 224, in this 

study) and lanes present in each gel. Moreover, as described in chapter 7, 

when faint fragments are present in an autoradiogram after relatively short 

exposure, these become visible and may be scored after long exposure. This 

procedure is very helpful in deciding whether a particular band is present or 

not, but multiplies the number of background calibrations and makes the 

entire measurement extremely complex.
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Figure 8.8. Lanes 1 & 2= HCC. Lanes 3 & 4= RN. The arrowhead 
shows a band in one HCC lane, which is not present in RN.
In my opinion, it is difficult to decide in such a situation whether 
the band in HCC represents a “shift” of the band indicated by the 
arrow or a “gain” where the band is present (arrow head) with 
concomitant "loss" where no band is seen (lane 1), when 
compared toRN.

Please note lane 3: digital, shorter exposure time X-ray 
superimposed (see figure 8.6 and chapter 7 for discussion)

Figure 8.9. High power view of picture 8.8 (lanes 
3 and 4 at the level of the arrow). In this case, 
image analysis using a densitometer could not 
detect the band (arrow) in lane 3.
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For these reasons, in this work, band loss is defined as complete absence 

(and not reduced intensity) of a band, when a band is seen in normal 

reference tissue, but is not present in lesional tissue. Band gain is defined as 

presence of a band (in lesional tissue), which is not seen in normal reference 

tissue. In my experience genomic fingerprinting by AP-PCR allows a rather 

"gross" evaluation of the genomic alterations occurring in the nodular lesions 

examined. The interpretation of the true nature of the molecular changes is 

difficult because the difference between true quantitative changes associated 

with chromosomal instability, and qualitative changes associated with 

microsatellite instability, as illustrated in figure 1.2.2, are left to subjective 

interpretation. In view of these limitations, I have not attempted to interpret the 

possible significance of band loss and band gain, as described above, in the 

progression of HCC.

8.5 Summary

In summary, my study was based on the principle that tumour progression 

includes the clonal expansion of transformed and genetically unstable cells 

which may produce sub-clones some of which can acquire the phenotypic 

characteristics necessary to invade adjacent structures, provoke 

angiogenesis, escape immunological surveillance and metastasise (Nowell 

1976). Thus an initially monoclonal, monotypic neoplasm will exhibit 

intralesional genomic heterogeneity as neoplastic progression towards 

malignancy occurs. In chapter 5 I showed that the proportion of monoclonal 

lesions increases in RN, MRN, and HCC, respectively. In this chapter I 

showed that some degree of genomic alteration exists in RN, that MRN tend 

to be homogeneous, some MRN show evidence of genomic alteration 

compared to background tissue, and a minority of MRN, both DN and all HCC 

are heterogeneous. This indicates that clonal expansion is accompanied by
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the occurrence of genomic aberrations. However, clonality was assessed on a 

set of nodules different from those analysed by genomic fingerprinting 

Therefore, in the next chapter I apply the combined analysis of genomic 

heterogeneity together with clonality to a more limited set of nodular lesions, 

to investigate in detail how clonal expansion relates to genomic heterogeneity 

within the same nodule.

My analysis also shows that the degree of genomic damage increases with 

the RN, MRN, DN and HCC sequence. In general terms, these molecular 

changes seem to precede the phenotypic changes identified by conventional 

histological analysis in a subset of nodular lesions (i.e. RN and MRN). In 

chapter 10, I investigate in details the correlation between molecular data, 

histological changes and clinical follow-up data, comparing the quantitative 

analysis of genomic damage with the histological scoring system described in 
chapter 3.
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CHAPTER 9

Combined analysis of clonality and 

genomic heterogeneity
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9.1 General considerations

Monoclonality is said to identify neoplastic cell populations but does not 

indicate malignancy. Malignancy is associated with tumour progression, with 

increasing tumour grade and tumour heterogeneity as malignant neoplasms 

acquire the capability of invasion and metastasis. The identification of 

genomic heterogeneity within a neoplastic population (defined for present 

purposes by monoclonality) implies that spontaneous genomic mutations have 

occurred which may lead to frank malignancy.

In chapter 5 I showed that the proportion of monoclonal lesions increases with 

the RN, MRN, DN and HCC sequence. In chapter 8, I showed that some 

degree of genomic alteration exists in RN, that MRN tend to be genomically 

homogeneous, some MRN show evidence of genomic alteration compared to 

background constitutional DNA, and RN and a minority of MRN, both DN 

studied and all HCC are increasingly heterogeneous. This confirms that clonal 

expansion and neoplastic progression is accompanied by an increased 

frequency and number of genomic aberrations. However, monoclonality was 

assessed previously on a set of nodules different from those analysed by 

genomic fingerprinting.

Therefore, in this chapter I describe the combined analysis of genomic 

heterogeneity and clonality (notwithstanding the limitations of clonal analysis 

discussed in chapter 5) to the more limited set of nodular lesions, where 

appropriate material was available, to investigate in detail how clonal 

expansion correlates with genomic heterogeneity in individual lesions.

9.2 Materials and methods

Combined analysis of clonality and genomic heterogeneity was carried out on 

14 nodular lesions (5 HCC and 9 MRN) from 8 cirrhotic patients (Table 9.1).
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Table 9.1. Nodular lesions investigated with both HUMARA assay and AP-PCR.

K)

Case Type of nodule Size HUMARA
AP-PCR

Genomic fingerprint pattern in synchronous lesions, 
background liver and normal reference tissue*

MRN MRN HCC HCC RN Normal tissue
1 (RFH) MRN 6 mm e • # •

5 MRN 10 mm #
1(RFH) MRN 23 mm # • # •
2(RFH) MRN 7 mm e •
2(RFH) MRN 7 mm # •
3(RFH) MRN 10 mm # • # r
3(RFH) MRN 10 mm e # # #
3(RFH) MRN 10 mm e • # #
4(RFH) MRN 15 mm e e •

7 HCC 14 mm e e # €
7 HCC 25 mm e * « e
6 HCC 30 mm #
7 HCC 30 mm e # # #
8 HCC 25 mm e *

•= Polyclonal Homogeneous; #= Monoclonal Homogenous;•= Monoclonal Heterogeneous#= Polyclonal Heterogeneous;
« : 1 l;j' Identical
Disslmllar= the genomic fingerprint of one nodule was different i.e. polymorphic compared to the genomic fingerprint pattern of other 
nodules (i.e. RN, MRN, DN or HCC) in the same liver, or compared to reference normal tissue. Identical the genomic fingerprint of one 
nodule was identical compared to the genomic fingerprint pattern of other nodules (i.e. RN, MRN, DN or HCC) in the same liver, or 
compared to reference normal tissue. Heterog= heterogeneous, i.e. the fingerprint pattern of two or more parts of the same nodule is 
different. Homog= homogenous, i.e. the fingerprint pattern of two or more parts of the same nodule is identical. (RFH)= cases from Royal 
Free Hospital. Where not stated, the cases were from Bordeaux, France (see also chapter 5). *  Blank boxes= no fingerprint was 
available for comparison.



The tissue samples were obtained from the same study population used for 

the clonality assessment alone. A quantity of DNA sufficient for both clonal 

and DNA fingerprint analyses was available for 14 nodules from 8 cirrhotic 

patients only. Eight nodules were obtained from four patients transplanted at 

the Royal Free Hospital. These nodules were also assessed histologically, 

including assessment of the histological score, as described in chapter 10. 

The remaining 6 nodules were from 4 patients transplanted in Bordeaux, 

France (see chapter 5). The details of the techniques used for the 

investigation of clonality and genomic heterogeneity are discussed in chapters 

2, 5, 7 and 8.

9.3 Results

Results are shown in table 9.1. Three MRN were polyclonal and showed intra

lesional genomic homogeneity and were identical to normal reference tissue. 

One of these nodules was 23 mm diameter and had peculiar histological 

features, reminiscent of FNH. The remaining 6 MRN were monoclonal and 

showed intra-lesional genomic homogeneity. Five of these showed some 
degree of genomic difference when compared between themselves or to RN. 

Four out of five HCC were monoclonal, and all showed intra-lesional 

heterogeneity.

9.4 Discussion

In chapter 8 genomic fingerprinting alone showed that all HCC and DNs were 

heterogeneous, the majority of MRN were homogeneous, and that some MRN 

were either heterogeneous or showed some genomic aberration when 

compared to normal reference tissue. A minority of RN showed a degree of 

genomic heterogeneity. Quantification of genomic alteration showed that 

genomic alteration increases with progression from RN to MRN, DN and HCC.

263



In chapter 5 clonal analysis alone showed that the majority of HCC (90%) are 

monoclonal, approximately half of the MRN are monoclonal (57%), and the 

majority (70%) of RN are polyclonal.

In this chapter these two different types of analysis were combined in order to 

see how the process of clonal expansion relates to the acquisition of genomic 

alteration in the same lesion. The comparison of the results obtained using 

each technique alone and in combination is shown in table 9.2.

The combined analysis of clonality and genomic heterogeneity in this chapter 

reflects the results obtained using each technique individually, as described in 

chapters 5 and 8.

When these two techniques are used individually, the majority of RN are 

polyclonal and homogeneous, i.e. non-neoplastic and genomically stable, and 

the majority of MRN are monoclonal (within the limitations intrinsic to X 

chromosome inactivation, see chapter 5) and homogeneous. When using both 

techniques together, two thirds of MRN were homogenous and monoclonal. 

No heterogeneous lesions were identified, but some nodules showed a 

degree of genomic alteration when compared to other MRN or RN.

DNs and HCC are heterogeneous by AP-PCR alone, and the large majority of 

HCC are monoclonal (by HUMARA alone). When using the two techniques in 

combination, the majority of HCC are monoclonal and heterogeneous. In the 

present work only two DNs were analysed, and by fingerprinting only, which 

showed that both were heterogeneous. Data from the literature (Paradis et al. 

1998; Tsuda et al. 1988; Aihara et al. 1996) show that between 50 and 100% 

of DNs are monoclonal.

The present results suggest that the spectrum of putative precursor nodular 

lesions and HCC includes different entities, and each entity could represent a
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Table 9.2. Nodule type versus clonal analysis and DNA fingerprinting separately and in combination.

AP-PCR alone HUMARA alone HUMARA & AP-PCR in combination#

Homogeneous Heterogeneous Polyclonal Monoclonal Polyclonal
Homogeneous

Polyclonal
Heterogeneous

Monoclonal
Homogeneous

Monoclonal
Heterogeneous

RN 6 out of 9 
(75%)

3 out of 9 
(25%)

7 out of 10 
(70%)

3 out of 10 
(30%)

3 out of 3 
(100%)

/ / /

MRN 8 out of 10 
(80%)

2 out of 10
(20%)

6 out of 14 
(47%)

8 out of 14 
(57%)

3 out of 9 
(33%)

0 6 out of 9 
(66%)*

/

DN 0 2 out of 2 
(100%)

** ** / / / /

HCC 0 9 out of 9 
(100%)

1 out of 10 
(10%)

9 out of 10 
(90%)

/ 1 out of 5 
(20%)

/ 4 out of 5
(80%)

N)
s;

* some showed some difference in terms of genomic fingerprint pattern compared to other nodules or reference tissue (see table 9.1).

** 45-100% of DN have been shown to be monoclonal by other studies (Yeh and et al. 2001; Paradis et al. 1998; Aihara et al. 1996 Ochiai 
et al. 2000; Tsuda et al. 1988).

# These nodules represent a sub-group of those nodules studied in chapter 5 and 8.



phase of the evolution betv\/een cirrhotic liver and HCC. At the relatively 

benign end, there is polyclonal and genomically stable nodule corresponding 

morphologically to a MRN (or to a nodule with features reminiscent of FNH). 

In the next phase, there is a nodule composed of a monoclonal but 

genomically relatively stable cell population, which still corresponds 

morphologically to a MRN. The next phase is a monoclonal proliferation 

homogenous but with some degree of genomic alteration when compared to 

the background tissue, and still corresponding to a MRN morphologically. A 

minority of (presumably monoclonal) MRN may show intra-lesional genomic 

heterogeneity. The literature indicates that there is a presumably subsequent 

monoclonal phase with intra-lesional genomic heterogeneity, corresponding 

morphologically to a DN. At the malignant end of the spectrum is the 

monoclonal heterogeneous overt HCC. As discussed in chapter 8, the 

difference between the small proportion of heterogeneous MRN, DNs and 
HCC is the degree of genomic heterogeneity that gradually increases from 

MRN, to DN and eventually HCC.

One HCC was polyclonal and heterogeneous. There are various explanations 

for the presence of polyclonality in malignant tumours (see chapter 5), 

including the merging of collision tumours (Aigner et al. 1999; Fukui et al. 

2001). The polyclonal nature of this HCC might be explained by the merging 

of two adjacent HCC.

It is unclear whether the spectrum described above represents a single 

obligatory pathway from cirrhotic liver to HCC or whether different pathways 

are present. Despite the combined analysis of the present work, whether 

polyclonal homogeneous nodules (i.e. RN and a proportion of MRN) 

necessarily evolve into monoclonal and increasingly heterogeneous lesions is 

still speculative. As discussed in chapter 10, some of these polyclonal 

homogeneous nodular lesions, may represent a "no through" road (to the 

malignant stage), and only be capable of proliferation and size increase.
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9.4.1 Mechanisms of progression in hepatocellular carcinoma

My work shows that clonal expansion and increasing genomic instability, as 

part of the progression stage of carcinogenesis (Pitot 2001) is likely to occur in 

the genesis of hepatocellular carcinoma. Genomic fingerprinting using AP- 

PCR is a useful technique for the detection and the quantification of genomic 

alteration. It has been proposed that AP-PCR may be used for a qualitative 

analysis of genomic instability (Perucho 1996), and in particular determination 

of chromosomal and microsatellite instability, but due to the limitations of the 

AP-PCR technique discussed in chapters 7 and 8, this analysis was not 

attempted. The work published recently by Yeh et al (Yeh et al. 2001) and by 

Laurent-Puig et a! (Laurent-Puig et al. 2001) has addressed this question. 
Yeh et al (Yeh et al. 2001), using markers for chromosome regions frequently 

deleted or rarely affected in HCC, analysed the allelic imbalance (Al) of 101 

non-malignant nodules from 7 patients (corresponding to RN, MRN and low 

grade/high grade DNs, as per the International Working Party criteria 

(Anonymous et al. 1995), which were monoclonal by HUMARA analysis. The 

authors found that these nodules could be stratified into 5 stages of 

progression towards HCC according to their total Al, and that Al on 

chromosomes 4q, 2q, 8p and Xq were early events occurring during the 

monoclonal expansion of these nodules. In terms of the precise molecular 

mechanisms involved, the authors noted that chromosome regions 4q, 8p and 

Xq are the site of some liver specific genes and putative tumour-suppressor 

genes, whereas 2q is the site of DNA repair genes such as hMSH2, hMSHB 

and XRCC5. For example, loss of DNA repair genes at an early stage, would 

lead to the progressive accumulation of secondary mutations, some of which 

may affect important growth-regulatory genes. These 101 nodules are not yet 

malignant because critical genetic aberrations have not occurred. In terms of 

allelic loss, Yeh et al propose that Al at chromosomes Ip, 13q, 16q and 17p
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takes place during the progression to HCC or during the progression toward 

more advanced HCC
The list of papers investigating allelic loss in hepatocarcinogenesis is long 

(Ashida et al. 1997; De Miglio et al. 2001; Kanai et al. 2000; Kawai et al. 

2000; Kim et al. 2000; Kishimoto et al. 2001; Kondo et al. 2000; Kuroki et al. 

1995; Legoix et al. 1999; Macdonald et al. 1998; Sheu et al. 1999; Sun et al. 

2001; Teeguarden et al. 2000; Tsopanomichalou et al. 1999), and new work 

emerges in the international literature on a daily basis, sometimes producing 

contradictory results. For example, in relation to the findings by Yeh et al that 

Al at chromosome Ip occurs at a late stage of hepatocarcinogenesis. Sun et 

al have shown that this is an early event (Sun et al. 2001). In his recently 

published review on hepatocellular carcinoma Okuda (Okuda 2000) points out 

that despite many studies, as yet no consistent sequence of genetic changes 

has emerged. Compared to the colonic mucosa (and the sequence of 
molecular events described in the transition of adenomatous polyp to colon 

cancer) hepatocytes may have more complex metabolic functions; are 

affected by more expressed genes; and much more complicated genetic 

alterations may be expected to occur during the process of 

hepatocarcinogenesis.

Two additional interesting points are raised by the recent work by Yeh et al 

(Yeh et al. 2001).

Firstly, the authors investigated a possible correlation between the aetiology 

of cirrhosis (their patients had either HBV or HCV infection) and chromosome 

specific Al, but the sample number was too small to allow a valid correlation. 

This is a crucial point, as different aetiological agents may initiate different 

mechanisms of progressions, and be responsible for the rather conflicting 

results mentioned above. Work by Laurent-Puig et al (Laurent-Puig et al. 

2001), has shown that HCC can be divided into two groups. One group of 

large, slowly growing, non-HBV infected neoplasms had a mutation of the p- 

catenin gene and loss of heterozygosity on chromosome Bp but no other
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specific LOH In this group, mutation of the 3-catenin gene may be the 

initiation event, and excessive alcoholic intake and HCV infection may act as 

promoting agents. The other group (HBV infected, poorly differentiated and 

associated with poor prognosis) exhibited LOH in at least seven chromosomal 

regions and mutations in p53 and A x in l The progression stage in this group 

seemed to be accelerated, and because there are multiple mutations the 

initiation event is unclear. There may be important therapeutic implications, as 

neoplasms in early stage of progression (such as the group with p-catenin 

mutations) may respond to antioxidants or methionine derivatives, while 

neoplasms with greater chromosomal instability may require cytotoxic 

chemotherapy (Pitot 2001).

The second point raised by Yeh et al is that they encountered the inadequacy 

of the conventional histopathological assignments of nodules encountered in 

cirrhosis, as proposed by the International Working Party (Anonymous et al. 

1995). Yeh et al were unable to correlate the histopathological grading with 

the extent of Al mutations, and called for a combined effort between 

pathologists and molecular geneticists to work out a consistent classification.

I address this issue further in chapter 10, in which I describe the correlation 

between my molecular findings and the histological classification of cirrhotic 

nodules.

One limitation of my present study was the relatively low number of cases 

studied. This was due to several reasons. Assessment of clonality is limited by 

the necessity of investigating female patients only when using techniques 

based on X-inactivation, which represents a limitation per so, due to the low 

female to male ratio in terms of incidence of hepatocellular carcinoma. 

Moreover, not all female patients are suitable for X-inactivation studies, 

depending on which method is used. Some cases are monomorphic at the 

HUMARA locus and thus non-informative. The third important limitation in my 

study was the necessity of using frozen tissue, as I was not able to reproduce
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the results of other investigators who have applied these techniques on 

paraffin embedded tissue (Paradis et al. 1997. Sirivatanauksorn 1999a 

Sirivatanauksorn et al. 1999b; Sirivatanauksorn et al. 1999c; 

Sirivatanauksorn et al. 2001).

When combining two techniques based on PCR, the percentage of PCR 

reaction failures increases.

Finally, the combined use of two different molecular techniques such as those 

used in my work, requires the use of a relatively large amount of DNA (which 

may not be available if DNA is obtained from frozen samples which are 

frequently small). Other workers have experienced similar difficulties. Previous 

studies of clonal analysis on HCC or putative precursor nodular lesions based 

on X-inactivation were also carried out on less than a dozen cases (Ochiai et 

al. 2000; Kawai et al. 1995; Yeh et al. 2001; Aihara et al. 1994; Aihara et al. 

1996; Piao et al. 1997; Paradis et al. 2000; Paradis et al. 1998). The highest 

number (about a hundred) of nodules investigated was in those studies 

performed on regenerative nodules (Paradis et al. 2000; Yeh et al. 2001).

9.5 Summary

In summary (see also figure 9.1), the combined analysis of clonality and 

genomic heterogeneity reflects the findings of each technique used 

separately. These findings suggest that the evolution from putative precursor 

nodular lesions to HCC involves an initial polyclonal and genomically stable 

phase, a presumably subsequent monoclonal phase with evidence of genomic 

mutation, and a third monoclonal phase with increasing intranodular genomic 

heterogeneity, corresponding to the morphological category of overt HCC.

In the next chapter I investigate in detail the correlation between the molecular 

data, histological changes and clinical follow-up data, comparing the
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quantitative analysis of genomic damage with the histological scoring system 

described in chapter 3.
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Figure 9.1 A hypothesis of clonality and genomic heterogeneity in the 
evolution from cirrhotic liver to HCC.
In the cirrhotic background relatively genomically stable macroregenerative nodules may 
be either polyclonal or monoclonal. It is unclear whether polyclonal MRN may transform 
into monoclonal proliferations, or whether they represent a "no through road", and be 
capable only of size expansion. Initially genomically stable and homogeneous 
monoclonal proliferating nodule may develop genomic alteration which at an early stage 
is apparent only when compared to constitutional DNA. Further proliferation and 
accumulation of genomic damage is accompanied by the development of intralesional 
increasing genomic heterogeneity. Eventually, accumulation of critical mutations leads to 
acquisition of invasive and metastatic potential. The duration of the "monoclonal 
homogenous", i.e. genomically (relatively) stable is unknown, but may be reduced in 
some cases where numerous and critical mutations occurr immediately, bypassing the 
intermediate phases (dashed arrows).
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CHAPTER 10

Correlation between molecular data, 
histological scoring system and 
clinical follow-up data
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10,1 General considerations

The results of the molecular work I have described in the previous chapters 

suggest that the evolution from putative precursor nodular lesions to HCC is 

characterized by clonal expansion accompanied by the occurrence of 

genomic aberrations.

My analysis also showed that the degree of genomic damage increases in 

frequency and amount in RN, MRN, DN and HCC sequentially. These 

molecular changes seem to precede the phenotypic changes identified by 

conventional histological analysis in some nodular lesions (i.e. RN and MRN).

The current histological classification of HCC and its putative precursor 

nodular lesions is inadequate. For example, Yeh et al (Yeh et al. 2001) were 

unable to correlate the histopathological classification with the extent of 

genomic alteration in their investigation of cirrhotic nodules and HCC, and 

they suggested that a combined effort between pathologists and molecular 

geneticists is required to design an appropriate classification.

As described in chapter 3, I designed a histological scoring system with the 

intention of making systematic the histological assessment of HCC and its 

putative precursor nodular lesions in cirrhotic livers.

The aim was to assess the individual histological features of HCC and its 

putative precursor nodular lesions obtained from surgical specimens, and to 

use these systematically collected data for correlation with the molecular 

findings of the present work and with clinical follow-up data, which is the 

purpose of the work described in this chapter.

274



10.2 Methodology of the investigation

The twenty-six nodular lesions investigated using AP-PCR in chapter 8 

(genomic heterogeneity/homogeneity of HCC and its precursors) were re

assessed using the scoring system designed in chapter 3.

The histological scores of the nodules belonging to the different categories 

(defined by the cut off points of the scoring system) were then compared to 

the total genomic damage fraction (GDF) (see chapter 7 and 8). This 

comparison was also carried out subtracting from the final histological score 

the size component, in order to see whether there was an association 

between the GDF and the histological changes alone, independently of 

lesional size.

Finally, I investigated whether the correlation between genomic alteration and 

histological score in the different categories (i.e. MRN, DN and HCC) was 

different when these categories were defined conventionally or using the cut

off points of the scoring system.

I thank Dr F Demichelis and Dr A Sboner, IRST Trento, Italy for advice and 

guidance for the statistical analysis of this work. Differences in values of total 

genomic damage fraction were tested with Mann-Whitney U test. The 

correlation between size and genomic damage fraction was calculated as 

correlation coefficient, with t test for significance. The criterion used for 

statistical significance was P < 0.05.

10.3 Results

The results are shown in tables 10.1 to 10.6 and charts 10.1 and 10.2 and 

explained in the following paragraphs.
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10.3.1 Re assignment of nodular lesions using the histological 
scoring system.

The statistical analysis used in the design of the scoring system showed that 

using a cut off of “ total HCC score 9 or more” for the diagnosis of HCC and 

cut offs of 0-3 for MRN and 4-8 for DN, there was good agreement between 

the scoring system and the conventional histological analysis. When these 

cut-offs were applied to these 26 nodular lesions, 6 nodules were re-classified 

(Tables 10.1 and 8.2 for comparison).

One nodule (score 12) moved from the DN group (> 3) to the HCC group (> 

9), and five nodules moved from the MRN group (<4) to the DN group (>3). All 

nodules with a histological score < 4 were homogenous. All MRN, which 

moved to the DN GROUP, were heterogeneous and/or different from RN 

and/or the normal reference tissue except one which had a high histological 

score mainly due to the size (23 mm, score 6, with 4 points attributable to size 

only), but still remained homogenous.

10.3.2 Correlation between genomic damage and categories 
defined using the histological scoring system.

The differences in average value of GDF between histological groups (i.e. as 

defined by the cut-off points of the scoring system) was maintained as with the 

conventional classification, i.e. the higher the category, the higher the degree 

of genomic alteration (tables 10.2 and 10.3 and chart 1).

The DN category as defined by the histological score (>3 and <9) showed 

higher average GDF than the DN category as defined conventionally 

(although the latter was represented by two nodules only therefore limiting any 

comparison). The MRN category as defined by the histological score showed 

lower values of GDF compared to the MRN conventionally classified (see 

tables 10.2 and 8.3 for comparison). This change resulted in a lesser
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Table 10.1 Genomic homogeneity and heterogeneity in nodules re assigned using the histological scoring system. Compare to table 8.2. 

10.1a. Nodules with score > 9 (HCC)
Case Size Score Homog/ 

(mm) heterog
HCC HCC HCC HCC DN MRN RN Normal

tissue
1 70 39 Heterog Dissimilar Dissimilar
2 16 15 n.a. Dissimilar n.a. Dissimilar
3 16 18 Heterog Dissimilar Dissimilar Dissimilar
4 35 29 Heterog Dissimilar Dissimilar
5 20 15 Heterog Dissimilar Dissimilar Dissimilar Dissimilar
6 16 22 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 20 31 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 23 30 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 25 39 Heterog Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
6 40 39 n.a. Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar Dissimilar
3 13 12 Heterog Dissimilar Dissimilar Dissimilar
11 28 17 Heterog Dissimilar Dissimilar

Legend.
n.a. Only one sample was available for
analysis. Dissimilar^ the genomic fingerprint 
of one nodule was dissimilar i.e. polymorphic 
compared to the genomic fingerprint pattern of 
other nodules (i.e. RN MRN DN or HCC) in 
the same liver, or compared to reference
normal tissue. Identical= the genomic 
fingerprint of one nodule was identical 
compared to the genomic fingerprint pattern of 
other nodules (i.e. RN MRN DN or HCC) in 
the same liver, or compared to reference
normal tissue. Heterog= Heterogeneous, i.e. 
the fingerprint pattern of two or more parts of 
the same nodule is Dissimilar. Homog=
homogenous, i.e. the fingerprint pattern of two 
or more parts of the same nodule is identical.
* FNH-like lesion

10.1b. Nodules with score > 3 (DN)
Case Size

(mm)
Score Homog/

heterog
HCC DN MRN RN Normal tissue

2 6 4 n.a. Dissimilar Dissimilar
5 19 4 Heterog Dissimilar Dissimilar Dissimilar Dissimilar
T 23 6 Homog Identical Identical Identical
6 15 4 Heterog Dissimilar Dissimilar Dissimilar Dissimilar
6 16 4 n.a. Dissimilar Dissimilar Dissimilar Dissimilar
6 10 5 n.a. Dissimilar Dissimilar
5 11 5 Heterog Dissimilar Dissimilar Dissimilar Dissimilar

Table 10.1c. Nodules with score < 4 (MRN)
Case Size Score Homog/heterog HCC DN MRN MRN RN Normal

(mm) tissue
7 6 1 Homog Identical Identical Identical
9 10 1 Homog Identical Dissimilar Dissimilar n.a.
9 10 1 Homog Identical Dissimilar Dissimilar n.a.
9 10 1 Homog Dissimilar Dissimilar Identical n.a.
10 15 3 Homog Identical Identical
8 7 2 Homog Identical Dissimilar n.a.
8 7 2 Homog Identical Dissimilar n.a.



Table 10.2. Average total genomic damage fraction (GDF) in HCC, 
DN, MRN as defined by the histological scoring system and 
cirrhotic liver.

Cirrhotic liver and nodules as 
classified by histological

Cirrhotic liver and nodules as 
classified by by conventional

scoring system GDF criteria GDF
Average Std Average Std

HCC (score >9) 0.27 0.13 HCC 0.29 0.12
DN (score >3<9) 0.17 0.11 DN 0.14 0.05
MRN (score <4) 0.01 0.02 MRN 0.08 0.11
HCC, DN, MRN 0.17 0.15 HCC, DN, MRN 0.17 0.15

All tissues 0.13 0.15 All tissues 0.13 0.15
RN 0.02 0.02 RN 0.02 0.02

DN, MRN, RN 0.06 0.09 DN, MRN, RN 0.06 0.09
DN, MRN 0.09 0.11 DN, MRN 0.09 0.11
HCC, DN 0.23 0.13 HCC, DN 0.26 0.12
MRN, RN 0.01 0.02 MRN, RN 0.05 0.09

Chart 10.1. Average total genomic damage fraction (GDF) in HCC, DN, 
MRN as defined by the histological scoring system and cirrhotic liver.

Average values of total genomic damage fraction (GDF)
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Nodules and combinations of nodules defined by 
histological scoring system (blue columns) or 

conventional criteria (red columns)

This chart is similar to chart 8.1, in which the average value of the total genomic damage 
fraction (GDF) in each nodule and combination of nodules as defined by conventional 
histological criteria was compared. In the present chart, the average value of GDF is 
considered in the same group of nodules studied in chapter 8, but which have been re
assigned to the categories HCC, DN, and MRN using the histological scoring system 
described in chapter 3. This chart as well as table 10.2 show how the GDF average value 
changes when the nodules are re-assigned using the histological scoring system. The cut-offs 
for HCC, DN and MRN are shown in table 10.2.
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Table 10.3 Comparison (P value)* of total genomic damage fraction (GDF) 
between different types of nodules as defined by histological scoring 
system.

Nodules GDF
(average)

Comparison Nodules GDF
(average)

P value

HCC(score >9) 0.27
HCC(score >9) 0.27
HCC(score >9) 0.27
HCC(score >9) 0.27
HCC(score >9) 0.27
DN(score>3<9) 0.17
DN(score>3<9) 0.17
MRN(score <4) 0.01
DN,MRN(score<9) 0.09
DN,HCC(score>3) 0.23
DN,HCC(score>3) 0.23
DN,HCC(score>3) 0.23

DN(score>3<9) 0.17 n.s.
MRN(score <4) 0.01 <0.001
RN 0.02 <0.001
All other nodules 0.06 <0.0001
DN,MRN(score<9) 0.09 <0.01
MRN (score <4) 0.01 <0.01
RN 0.02 <0.01
RN 0.02 n.s.
RN 0.02 n.s.
RN 0.02 <0.001
MRN (score <4) 0.01 <0.001
MRN, RN 0.01 <0.0001

* This refers to the difference in total genomic damage fraction (GDF) between nodules and 
combinations of nodules as defined by the histological scoring system, 
n.s. = Not significant.

As shown in table 8.5, this table compares the value of GDF between different categories of 
nodules and combinations of nodules as defined by the histological scoring system.
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difference between the genomic alteration of HCC and DN defined by the 

scoring system when compared to the conventional classification (see tables 

10.2 and 8.3 for comparison). DN appeared to show markedly different 

genomic alteration in comparison to MRN and RN.

The average GDF of the nodules scoring less than 4 points (MRN group) was 

similar to the RN and the GDF of the two heterogeneous RN appeared to be 

greater than some of the MRN nodules as defined by the histological score. 

These cirrhotic livers also contained DN and or HCC whereas the MRN with 

little genomic alterations occurred in othenA/ise unremarkable liver, with no DN 

or HCC.

10.3.3 Correlation between genomic alteration and size of nodules 
as defined by the histological scoring system

When HCC were defined by the histological scoring system, the correlation 

between size and histological score was maintained (correlation coefficient 

0.40, P <0.01). A negative correlation (correlation coefficient -071, P <0.05) 

between size and genomic alteration was seen in DN. DN as assessed 

conventionally were only 2, and therefore no correlation with size was carried 

out. No significant correlation was seen between size and genomic alteration 

for MRN, as seen when MRN were assigned using the conventional 

histological classification (table 10.4).

10.3.4 Correlation between genomic alteration and histological 
score.

When all nodules were considered together, there was a positive correlation 

between genomic alteration and histological score (correlation coefficient 

0.77, P <0.001). There was a positive correlation between genomic alteration 

and histological score when HCC and MRN as defined by conventional criteria
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Table 10.4. Correlation* between total genomic damage fraction (GDF) and
lesional size.

Lesion
Median lesional 

size (mm)
Average

GDF Correlation
Corr coeff* P value*

HCC (score >9) 21.5 0.27 0.40 <0.01
DN, HCC (score>3) 19 0.23 -0.71 <0.05

DN (score <9>3) 15 0.17 0.36 <001
MRN (score <4) 10 0.01 0.16 n.s.

DN, MRN score (<9) 10 0.09 0.00
HCC,DN,MRN 16 0.17 0.53 <001

‘ Correlation coefficient and t test for significance 

n.s.= Not significant

This table shows how the GDF in the different nodules and combinations of nodules as defined 
by the histological scoring system relates to lesional size.
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were considered (correlation coefficients= 0.65 (P <0.005), and 0.54 (P 

<0.005), respectively) When the size component of the histological scoring 

system was ignored the correlation between genomic damage and histological 

changes assessed by the scoring system (independently of lesional size) was 

maintained (correlation coefficients= 0.68 (P <0.005), and 0.34 (P <0.005), in 

HCC and MRN respectively) (table 10.5).

When the nodules were classified using the histological scoring system, the 

correlation with GDF improved for HCC (histological score >9, correlation 

coefficients 0.71, P<0.002 with size, and 0.73, P<0.001 without size) and 

MRN (histological score <4, correlation coefficients 0.65, P<0.001 with size, 

and 0.66, P<0.001 without size). No significant correlation between score and 

GDF for DN (histological score>3 and <9) was seen (table 10.6).

10.3.5 Correlation between molecular analysis, histological scoring 
system and clinical data

The follow-up data of the patients investigated by genomic fingerprinting are 

shown in chart 10.2.

There was no significant correlation between histological score, genomic 

damage and survival and tumour recurrence data. At follow-up, 9 patients 

(including 5 patients with HCC) were all alive, without any evidence of 

recurrent tumour (average follow-up 610 days, range 124-1322 days). One 

patient with a single 20 mm diameter HCC in the liver removed at 

transplantation (histological score =15, GDF=0.31), died 12 days after 

transplantation due to graft failure. One patient with a single 70 mm HCC in 

the explant liver (histological score 39, GDF=0.39) had intrahepatic tumour 

recurrence diagnosed histologically at 958 days post-0LT and died at day 

1140 post-OLT of carcinomatosis.
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Table 10.5 Nodules defined by conventional criteria. 
Correlation between genomic damage fraction (GDF) 
and histological score.

Correlation coefficient between genomic damage and score
With size Without size

GDF GDF
Corr coeff P value Corr coeff P value

HCC 0.65 < .005 0.68 <0.005
HCC, DN 0.71 <002 0.73 <001
DN n.a. n.a. n.a. n.a.
DN, MRN 0.36 <005 0.23 <005
MRN 0.54 <005 0.34 <005
ALL NODULES 0.77 <001 0.77 <.001

Table 10.6 Nodules defined by histological scoring system. 
Correlation between genomic damage fraction (GDF) 
and histological score.

Correlation coefficient between genomic damage and score.
With size Without size

GDF GDF
Corr coeff P value Corr coeff P value

HCC (score>9) 0.71 <0.002 0.73 <0.001
HCC, DN (score>3) -0.49 0.05 -0.54 <0.05
DN (score>3<9) -0.31 n.s. -0.09 n.s.
DN, MRN (score<9>CL) 0.57 <0.002 0.39 <0.005
MRN (score<4) 0.65 <0.001 0.66 <0.001

n.a. = Using the conventional histological criteria, only two DN were identified, 
and the correlation was not carried out. 
n.s. = Not significant

These two tables show how the correlation between histological score and 
genomic damage fraction (GDF) changes when the nodules are defined by 
conventional criteria (table 10.5) or by the use of the scoring system described in 
chapter 3 (table 10.6).
In each table, this correlation has also been carried out excluding the lesional 
size from the calculation of the final score, in order to see if there is a correlation 
between between GDF and histological features alone, independently of lesional 
size.
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Chart 10.2. Post-transplantation follow-up
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This chart shows the follow-up of the 11 patients studied by AP-PCR.
The yellow bars show the survival in terms of days post-transplantation of 
patients 3 to 11, who were alive at the latest follow-up.
The red bars show the survival of patients 1 and 2 who died after transplantation. 
Patient 2 died at day 12 due to graft failure. Patient 1 died at day 1140 due to 
carcinomatosis. This patient was diagnosed recurrent HCC at day 958 (blue 
bar).
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10.4 DISCUSSION

10.4.1 Re assignment of nodular lesions using the histological 
scoring system.

The histological scoring system assigns these nodular lesions in a way that 

correlates better with molecular data, compared with the conventional 

histological classification. For example, the majority of MRN, as defined by 

conventional histological criteria, which scored more than 3 points (therefore 

belonging to the DN category, as defined by the histological score) showed 

some degree of intralesional heterogeneity and/or dissimilarity in the 

fingerprint pattern when compared to other RN or MRN in the same liver.

One MRN with a relatively high histological score showed particular 

histological features, reminiscent of FNH. This lesion scored 5, mainly due to 

the large size (23 mm) responsible for four out of five points of the final score. 

FNH-like lesions may occur in cirrhotic liver, as discussed in chapter 4. The 

FNH-like lesion was polyclonal by HU MARA analysis (see chapter 5). These 

lesions may represent part of a continuum of nodular proliferations in 

cirrhosis, initiated as a response to a vascular abnormality, showing a 

spectrum of additional histological features (see chapter 4). Perhaps these 

lesions represent a deviant mode of liver regeneration (compared to RN) in 

cirrhosis, and may not be part of the sequence leading to malignant 

transformation, but represent a benign "no through" avenue (in contrast to the 

malignant route), only capable of proliferation and size expansion. As shown 

in chapter 4, these lesions may grow to a relatively large size and still show 

few worrisome histological changes (or relatively low histological score), as 

well as no genomic heterogeneity, and the same genomic patterns as the RN 

and/or normal tissue.
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10.4.2 Correlation between histological score, and genomic 
alteration

The results suggest that the conventional histological diagnosis correlates 

with the genomic alteration. This correlation between histological score and 

genomic alteration is improved when the nodules are classified according to 

the scoring system. This appears to be valid for HCC and MRN. DN showed 

no correlation using either the conventional classification (but this is probably 

due to the low number of lesions studied) or the scoring system classification. 

The investigation of a greater number of lesions may clarify these 

relationships.
The reason why the stratification of nodular lesions using the histological 

score correlates with the molecular analysis better than the conventional 

classification is unclear. This better correlation seems not to be related to 

increase in size alone, as it is maintained when the lesional size is excluded 

from the analysis (table 10.6). The other histological variables included in the 

scoring system therefore are contributory towards this better correlation.

It is unclear which of these histological features contribute to this relationship, 
and the analysis of a larger number of cases is needed to explore this 

question.

10.4.3 Correlation between genomic alteration and size of nodules 
as defined by the histological scoring system

The correlation between genomic alteration and lesional size noted with the 

conventional classification (see chapter 8) was maintained. It is unclear why 

there appear to be a negative correlation between size and genomic alteration 

in DN as defined by the histological scoring system.
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10.4.4 Correlation between molecular analysis, histological scoring 
system and clinical data

There was no significant correlation between the histological score, the 

molecular data and the clinical follow-up. This was probably due to the 

relatively short follow-up in some of the patients and further clinical follow-up 

is needed. Tumour recurrence and survival will be helpful in validating both 

histological and molecular data, and will also be helpful in investigating their 

prognostic value.

10.4.5 Summary

In summary, there was a correlation between histological features and 

molecular alteration and this correlation is particularly evident when these 

nodular lesions are assessed with the systematic approach of a scoring 

system. However, this investigation was carried out on a limited number of 

cases due to the necessity of using DMA obtained from frozen material, and 

more cases are needed to test further the significance of this correlation.

A combined approach including systematic histological assessment and 

molecular analysis is helpful in the investigation of the genesis and evolution 

of HCC and its precursors and in the accurate identification of the significant 

morphological features that are expressed during human 

hepatocarcinogenesis. More work is needed to confirm this correlation 

between histological features and molecular alteration, and to identify those 

individual histological features predictive of clinical progression and the 

features with prognostic significance.
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CHAPTER 11

Conclusions and future directions
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11 1 Findings of my work

Hepatocellular carcinoma is a terrible disease. It is one of the commonest 

cancers worldwide and it is rising markedly in the world. It mostly affects 

cirrhotic patients and currently represents their most common cause of death. 

Its diagnosis and treatment are controversial, essentially due to our poor 

understanding of its pathogenesis. As a result of this, HCC is usually 

diagnosed and treated at a late stage of development when the prognosis is 

poor.

The aim of my work was to explore the molecular mechanisms associated 

with the genesis and the progression of HCC.

My work was based on the principle that progression towards malignancy is 

associated with the increasing genomic instability of an expanding monoclonal 

cell population. In other words, monoclonality is said to identify neoplastic cell 

populations but does not indicate malignancy. Malignancy is associated with 

tumour progression, with increasing tumour grade and tumour heterogeneity 

as malignant neoplasms acquire the capability of invasion and metastasis.

The identification of lesional genomic heterogeneity (by AP-PCR in this work) 

within a neoplastic population (defined for present purposes by monoclonality) 

would imply that spontaneous genomic mutations have occurred which may 

eventually lead to frank malignancy.

The results of my work suggest that the evolution from cirrhosis to putative 

precursor nodular lesions and finally to HCC involves an initial polyclonal and 

genomically stable phase, a presumably subsequent monoclonal phase with 

evidence of genomic mutation, and a final monoclonal phase with increasing 

intranodular genomic heterogeneity, corresponding to the morphological 

category of overt HCC.
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There are limitations to be considered in the interpretation of my molecular 

work Despite evidence in the literature that clonal analysis and AP-PCR can 

be carried out using genomic DNA obtained from paraffin-embedded tissue, I 

have found the use of genomic DNA obtained from frozen tissue more 

reproducible. The frozen material requirement has limited the number of 

cases studied, and in particular more cases and more follow-up information is 

needed to define the boundaries between non-neoplastic, neoplastic benign 

and neoplastic malignant lesions, using the combined approach of clonality 

and AP-PCR. My findings using the AP-PCR technique on HCC contradict the 

only previous work on the subject (Sirivatanauksorn 1999a; Sirivatanauksorn 

et al. 1999b; Sirivatanauksorn et al. 1999c; Sirivatanauksorn et al. 2001). 

This previous work was carried out on material from the same laboratory 

(RFH), and differences in fixation and processing cannot explain these 

discrepancies.

The correlation between increasing in lesional size and increasing in genomic 

alteration is interesting, although the previous work by Sirivatanauksorn 

showing a cut-off of 6 mm for genomic heterogeneity cannot be confirmed in 

my work.

The applicability and utility of AP-PCR/clonality methods to biopsy material, to 

clarify current diagnostic and prognostic assessment problems has still to be 

defined. This may be limited due to sampling problems and frozen material 

restrictions.

The patch size of the human liver in health and different stages of chronic liver 

disease has not been established, as yet, and therefore studies of clonality of 

small hepatocellular nodular lesions particularly cannot be interpreted 

properly.

The systematic histological assessment of HCC and its putative precursor 

nodular lesions using the approach of a scoring system was helpful in
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correlating the molecular investigation of tumour progression with the 

morphological evidence of this process In some cases, evidence of molecular 

alteration was present in the absence of morphological changes. Molecular 

damage for example, was identified as early as in regenerative nodules.

The coherence of genomic alteration and histological scoring are intriguing but 

confirmation, validation and significance will depend on the study of more 

cases, and outcome including prognosis and therapeutic response information 

when more of this becomes available.

Multiple correspondence analysis has shown that hepatocellular nodules in 

cirrhosis assessed using the scoring system, (as well as the individual 

histological variables used for the calculation of the score) can be represented 

as a continuum on a "malignancy scale", and that lesional size is not the most 
relevant factor in placing a nodule along this scale. This concept matches the 

idea of increasing genomic damage in the progression towards HCC, as 

shown by the molecular part of my work.

The identification in cirrhotic livers of a particular group of lesions with unusual 

features reminiscent of focal nodular hyperplasia is, in my opinion, important 

from a clinical point of view. Even if they represent a small percentage of the 

nodules identified in cirrhosis, they may cause diagnostic and therapeutic 

difficulties, and I hope that my work will help in the recognition of this problem.
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11.2 Future work

There is much more work to be done.

The study of genomic fingerprints has been extremely stimulating and 

challenging. Molecular data will be used to define the precise relationship 

between individual histological changes sampled by microdissection and 

genomic alterations.

The significance of the molecular work using AP-PCR and clonality 

investigation depends on the study of a more informative number of cases, 

and also on validation using follow-up information.

The clonality issue is still open, until the fundamental question of the patch 

size is solved. It is my hope, that informative tissue will become available for 

analysis, and I am very confident that the ongoing collaboration with my 

colleagues and friends from Sardinia will be fruitful.

Another application of my investigation is to identify those individual 

histological features predictive of clinical progression and the features with 

prognostic significance. The use of the histological scoring system seems to 

be particularly suitable for this purpose, because it allows the systematic 

evaluation of individual morphological characteristics. This will also be the 

subject of future work.

The scoring system might be used to facilitate communication among 

investigators to compare more accurately studies from different centres, but it 

has to be tested for intra and interobserver variability. The scoring system 

remains for the present time a research tool, as was the intention when it was 

originally designed.
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The approach to the histological evaluation using an algorithm has to be 

validated, and this requires a separate cohort of cases, and possibly 

correlation with molecular work and clinical follow-up.

As validation of the molecular and histological data requires the study of more 

cases and correlation with clinical follow-up, the creation of a dedicated 

multidisciplinary integrated database, which has been implemented at the 

Royal Free Hospital, is essential for this purpose.

The pathogenesis of these FNH-like lesions in cirrhosis remains obscure and I 

hope I will be able to investigate more such cases.

The fundamental question of the contribution of stem cells to the pathogenesis 

of HCC is still unsolved. The recent discoveries in this field emphasise the 
crucial role that stem cell research may have in the understanding of cancer. I 

hope I will be able to combine my interest in stem cell research with my 

continuing interest in hepatocellular carcinoma.

11.3 Conclusions

Learning the molecular biology techniques needed for this work, gives me the 

opportunity to use and transmit these skills. At the end of this thesis, there are 

now more questions than answers. Indeed it is my intention to continue the 

study of this fascinating subject.

293



List of publications

Articles

Hepatocytes from non-hepatic adult stem cells. Alison MR, Poulsom R, Jeffery R, Dhillon 
AP, Quaglia A, Jacob J, Novell! M, Prentice G, Williamson J, Wright NA. Nature 2000; 
406 (6793): 257.

Limitations of the histopathogical diagnosis and prognostic assessment of hepatocellular 
carcinoma. Quaglia A, Bhattacharjya S, Dhillon A P. Histopathology 2001; 38(2): 167-74.

Focal Nodular Hyperplasia-like areas in cirrhosis. A Quaglia, J Tibbals N Prasad, P Nozza, 
SE Davies, A Grasso, A Burroughs, A Watkinson, A Dhillon. Submitted to Histopathology, 
2002 .

Abstracts

Clonality and genomic heterogeneity in HCC and putative precursor nodular lesions. 
Quaglia A, Laurent C, Girlando S, Togni R, Dalla Palma P, Bioulac-Sage P, Balabaud C, 
Davidson BR, Dhillon AP. To be published on J Hepatol supplement 2002.

HCC and liver transplantation: risk factors for recurrence. Grasso A, Quaglia A, Montalto 
P, Dhillon A, Patch D, Davidson B, Rolles K, Tibballs J, Watkinson A, Babar S, Burroughs 
AK. To be published on J Hepatol supplement 2002.

A Novel scoring system for the histological diagnosis of hepatocellular carcinoma in 
cirrhotic liver. Quaglia A, Dhillon A, Colombari R, Togni R, Dalla Palma P, Michelis F, 
Bioulac-Sage P, Balabaud C, Burroughs AK, Winnock M, Dhillon AP. Journal of 
Hepatology 2001. Supp11,34:105 (1340).

The molecular pathology of Hepatocellular carcinoma. Quaglia A, Togni R, Girlando S, 
Colombari R, Cossu A, Tanda F, Massarelli G and Dhillon AP. Adv Clin Pathol 2000; 
4:244.

Plasticity of adult human haemopoietic stem cells: differentiation into bile ducts after liver 
and bone marrow transplantation. Alison MR, Poulsom R, Jeffery R, Dhillon AP, Quaglia 
A, Jacob J, Novell! M, Prentice G, Williamson J, Wright NA. J Pathol 193;5^ SuppI 2001.

294



Reticulin staining and CD34 expression in the diagnosis of hepatocellular carcinoma in 
cirrhotic livers J Rees, A Quaglia, K Savage, S Bhattacharya and AP Dhillon. Journal of 
Hepatology 1999: 30(1) 213.

Focal Nodular Hyperplasia-like areas in cirrhosis. Quaglia, N Prasad, P Nozza, SE Davies, 
A Grasso, A Burroughs, A Dhillon. Journal of Hepatology 2000 (SuppI 2) 158.

Posters

Degree of genomic heterogeneity correlates with a hepatocellular carcinoma (HCC) 
histological scoring system for HCC and putative precursor nodular lesions in cirrhotic 
livers. Quaglia A, Dhillon A, Godfrey A, Laurent C, Matull R, Colombari R, Togni R , Dalla 
Palma P, Demichelis F, Bioulac-Sage P, Balabaud C, Davidson BR, Burroughs AK, 
Dhillon AP. Poster presentation at forthcoming lASL meeting, Madrid, April 2002.

Clonality and genomic heterogeneity in HCC and putative precursor nodular lesions. 
Quaglia A, Laurent C, Girlando S, Togni R, Dalla Palma P, Bioulac-Sage P, Balabaud C, 
Davidson BR, Dhillon AP. Poster presentation at the 37th Annual Meeting of the 
European Association for the Study of the Liver, Madrid 2002.

HCC and liver transplantation: risk factors for recurrence. Grasso A, Quaglia A, Montalto 
P, Dhillon A, Patch D, Davidson B, Rolles K, Tibballs J, Watkinson A, Babar S, Burroughs 
AK. Poster presentation at the 37th Annual Meeting of the European Association for the 
Study of the Liver, Madrid 2002.

A novel scoring system for the histological diagnosis of hepatocellular carcinoma in 
cirrhotic liver. Quaglia A, Dhillon A, Colombari R, Togni R, Dalla Palma P, Michelis F, 
Bioulac-Sage P, Balabaud C, Burroughs AK, Winnock M, Dhillon AP. Poster presentation 
at the 36th Annual Meeting of the European Association for the Study of the Liver, Prague 
2001 .

Plasticity of adult human haemopoietic stem cells: differentiation into bile ducts after liver 
and bone marrow transplantation. Alison MR, Poulsom R, Jeffery R, Dhillon AP, Quaglia 
A, Jacob J, Novelli M, Prentice G, Williamson J, Wright NA. Presented at joint meeting of 
the Pathological Society of Great Britain and Ireland with the Dutch Pathological Society. 
Maastricht 2001.

The molecular pathology of Hepatocellular carcinoma. Quaglia A, Togni R, Girlando S, 
Colombari R, Cossu A, Tanda F, Massarelli G and Dhillon AP. Poster and oral 
presentation at the winter meeting of the International Academy of Pathology, Alghero 
September 2000.

295



List of references

Abou-Shady M., H. U. Baer, H. Friess, P. Berberat, A. Zimmermann, H. Graber, L. I. Gold, M. 
Korc, and M. W, Buchler. 1999. Transforming growth factor betas and their signaling 
receptors in human hepatocellular carcinoma. Am J Surg. 177(3): 209-15.

Adachi E., I .  Maeda, I .  Matsumata, K. Shirabe, N. Kinukawa, K. Sugimachi, and M. 
Tsuneyoshi. 1995. Risk factors for intrahepatic recurrence in human small hepatocellular 
carcinoma. Gastroenterology. 108 {3): 768-75.

Aguilar P., C.C. Harris, T. Sun, M. Hollstein, and P. Cerutti. 1994. Geographic variation of 
p53 mutational profile in nonmalignant human liver. Science. 264(5163): 1317-9.

Aigner T. and K. K. Unni. 1999. Is dedifferentiated chondrosarcoma a "de-differentiated" 
chondrosarcoma? J Pathol. 189(4): 445-7.

Aihara T., S. Noguchi, Y. Sasaki, H. Nakano, and S. Imaoka. 1994. Clonal analysis of 
regenerative nodules in hepatitis C virus-induced liver cirrhosis. Gastroenterology. 107(6): 
1805-11.

Aihara T., S. Noguchi, Y. Sasaki, H. Nakano, M. Monden, and S. Imaoka. 1996. Clonal 
analysis of precancerous lesion of hepatocellular carcinoma. Gastroenterology. 111(2): 455- 
61.

Aihara T., S. Noguchi, Y. Miyoshi, H. Nakano, Y. Sasaki, Y. Nakamura, M. Monden, and S. 
Imaoka. 1998. Allelic imbalance of insulin-like growth factor II gene expression in cancerous 
and precancerous lesions of the liver. Hepatology. 28 (1): 86-9.

Alison M. R., R. Poulsom, R. Jeffery, A. P. Dhillon, A. Quaglia, J. Jacob, M. Novelli, G. 
Prentice, J. Williamson, and N. A. Wright. 2000. Hepatocytes from non-hepatic adult stem 
cells. Nature. 406(6793): 257.

Alison M. R., R. Poulsom, R. Jeffery, A. P. Dhillon, A. Quaglia, J. Jacob, M. Novelli, G. 
Prentice, J. Williamson, and N. A. Wright. 2001. Plasticity of adult human haemopoietic stem 
cells: differentiation into bile ducts after liver and bone marrow transplantation. Abstract. J 
Pathol. 193; 5^ SuppI.

Alizadeh A. A., M. B. Eisen, R. E. Davis, C. Ma, I. S. Losses, A. Rosenwald, J. C. Boldrick, H. 
Sabet, I .  Tran, X. Yu, J. I. Powell, L. Yang, G. E. Marti, T. Moore, J. Hudson, L. Lu, D. B. 
Lewis, R. Tibshirani, G. Sherlock, W. C. Chan, T. C. Greiner, D. D. Weisenburger, J. O. 
Armitage, R. Warnke, and L. M. Staudt. 2000. Distinct types of diffuse large B-cell lymphoma 
identified by gene expression profiling. Nature. 403(6769): 503-11.

Alon U., N. Barkai, D. A. Notterman, K. Gish, S. Ybarra, D. Mack, and A. J. Levine. 1999. 
Broad patterns of gene expression revealed by clustering analysis of tumor and normal colon 
tissues probed by oligonucleotide arrays. Proc Natl Acad Sci USA. 96(12): 6745-50.

Al-Soud W. A. and P. Radstrom. 2001. Purification and characterization of PCR-inhibitory 
components in blood cells. J Clin Microbiol. 39(2): 485-93.

Altmann H. W. 1992. Epithelial and mixed hepatoblastoma in the adult. Histological 
observations and general considerations. Pathol Res Pract. 188(1-2): 16-26.

296



Anonymous 1997a Oral contraceptives and liver cancer Results of the Multicentre
International Liver Tumor Study (MILTS). Contraception. 56(5): 275-84

Anonymous 1997b International Union Against Cancer (UlCC). TNM classification of
malignant tumours. In: Sobin LH and Wittekind C eds. Fifth edition. New York: Wiley-Liss. 
74-7.

Anonymous 1998. A new prognostic system for hepatocellular carcinoma: a retrospective 
study of 435 patients: the Cancer of the Liver Italian Program (CLIP) investigators. 
Hepatology. 28(3): 751-5.

Anonymous and International Working Party. 1995. Terminology of nodular hepatocellular 
lesions. Hepatology. 22(3): 983-93.

Anthony P. P., C. Vogel, and L Barker. 1973. Liver cell dysplasia: a premalignant condition. 
J Clin Pathol. 26(3): 217-23.

Anthony P. P. and K. James. 1987. Pedunculated hepatocellular carcinoma. Is it an entity? 
Histopathology. 11(4): 403-14.

Anthony PP, Bannash P. Tumours and tumour-like lesions of the liver and biliary tract. In 
MacSween RNM, Anthony PP, Scheuer PJ, Portmann BC, Burt AD, Ishak KG, eds. Pathology 
of the Liver. Third ed. Edinburgh, London, Madrid, Melbourne, New York and Tokyo: 
Churchill Livingstone.

Aoki N. and W. S. Robinson. 1989. State of hepatitis B viral genomes in cirrhotic and 
hepatocellular carcinoma nodules. Mol Biol Med. 6(5): 395-408.

Arribas R., G. Capella, S. Tortola, L. Masramon, W. E. Grizzle, M. Perucho, and M. A. 
Peinado. 1997. Assessment of genomic damage in colorectal cancer by DNA fingerprinting: 
prognostic applications. J Clin Oncol. 15(10): 3230-40.

Ashida K., Y. Kishimoto, K. Nakamoto, K. Wada, G. Shiota, Y. Hirooka, Y. Kamisaki, T. Itoh, 
and H. Kawasaki. 1997. Loss of heterozygosity of the retinoblastoma gene in liver cirrhosis 
accompanying hepatocellular carcinoma. J Cancer Res Clin Oncol. 123(9): 489-95.

Ayres R. C., D. A. Robertson, K. C. Dewbury, G. H. Millward-Sadler, and C. L. Smith. 1990. 
Spontaneous regression of hepatocellular carcinoma. Gut. 31(6): 722-4.

Azechi H., N. Nishida, Y. Fukuda, T. Nishimura, M. Minata, H. Katsuma, M. Kuno, T. Ito, T. 
Komeda, R. Kita, R. Takahashi, and K. Nakao. 2001. Disruption of the p16/Cyclin 
D1/Retinoblastoma Protein Pathway in the Majority of Human Hepatocellular Carcinomas. 
Oncology. 60(4): 346-54.

Bannash P. 1994. Experimental liver tumours. In MacSween RNM, Anthony PP, Scheuer 
PJ, Portmann BC, Burt AD, Ishak KG, eds. Pathology of the Liver. Third ed. Edinburgh, 
London, Madrid, Melbourne, New York and Tokyo: Churchill Livingstone.

Barbara L., G. Benzi, S. Gaiani, F. Fusconi, G. Zironi, S. Siringo, A. Rigamonti, C Barbara, W. 
Grigioni, A. Mazziotti, and L. Bolondi. 1992. Natural history of small untreated hepatocellular 
carcinoma in cirrhosis: a multivariate analysis of prognostic factors of tumor growth rate and 
patient survival. Hepatology. 16(1): 132-7.

297



Baumann U., H A Crosby, P Ramani, D A Kelly, and A. J Strain 1999 Expression of the 
stem cell factor receptor c-kit in normal and diseased pediatric liver: identification of a human 
hepatic progenitor cell? Hepatology 30(1); 112-7

Beckingham I. J. and J. E. Krige. 2001. ABC of diseases of liver, pancreas, and biliary 
system. BMJ. 322(7284): 477-80.

Bedossa P., E. Peltier, B. Terris, D. Franco, and T. Poynard. 1995. Transforming growth 
factor-beta 1 (TGF-beta 1) and TGF-beta 1 receptors in normal, cirrhotic, and neoplastic 
human livers. Hepatology. 21(3): 760-6.

Bernstein I. T., S. Bulow, and K. Mauritzen. 1992. Hepatoblastoma in two cousins in a family 
with adenomatous polyposis. Report of two cases. Dis Colon Rectum. 35(4): 373-4.

Bhattacharya S., B. Davidson, and A. P. Dhillon. 1995. Blood supply of early hepatocellular 
carcinoma. Semin Liver Dis. 15(4): 390-401.

Bhattacharya S., A. P. Dhillon, J. Rees, K. Savage, J. Saada, A. Burroughs, K. Rolles, and B. 
Davidson. 1997. Small hepatocellular carcinomas in cirrhotic explant livers: identification by 
macroscopic examination and lipiodol localization. Hepatology. 25(3): 613-8.

Bismuth H., P. E. Majno, and R. Adam. 1999. Liver Transplantation for Hepatocellular 
Carcinoma. Semin Liver Dis. 19(3): 311-22.

Blin N. and D. W. Stafford. 1976. A general method for isolation of high molecular weight 
DNA from eukaryotes. Nucleic Acids Res. 3(9): 2303-8.

Bohm M., I. Wieland, K. Schutze, and H. Rubben. 1997. Microbeam MOMeNT: Non-contact 
laser microdissection of membrane-mounted native tissue. Am J Pathol. 151(1): 63-7.

Boige V., P. Laurent-Puig, P. Fouchet, J. F. Flejou, G. Monges, P. Bedossa, P. Bioulac-Sage, 
F. Capron, A. Schmitz, S. Olschwang, and G. Thomas. 1997. Concerted nonsyntenic allelic 
losses in hyperploid hepatocellular carcinoma as determined by a high-resolution allelotype. 
Cancer Res. 57(10): 1986-90.

Boix-Ferrero J., A. Pellin, R. Blesa, M. Adrados, and A. Llombart-Bosch. 1999. Absence of 
p53 gene mutations in hepatocarcinomas from a Mediterranean area of Spain. A study of 129 
archival tumour samples. Virchows Arch. 434(6): 497-501.

Borzio M., D. Trere, F. Borzio, A. R. Ferrari, S. Bruno, M. Roncalli, G. Colloredo, G. Leandro, 
F. Oliveri, and M. Derenzini. 1998. Hepatocyte proliferation rate is a powerful parameter for 
predicting hepatocellular carcinoma development in liver cirrhosis. Mol Pathol. 51(2): 96- 
101.

Bosch X., J Ribes, and J Borras. 1999. Epidemiology of primary liver cancer. Semin Liver 
Dis 19(3): 271-5.

Bowtell D. D. 1999. Options available-from start to finish-for obtaining expression data by 
microarray. Nat Genet. 21(1 SuppI): 25-32.

Bressac B., M. Kew, J. Wands, and M. Ozturk. 1991. Selective G to T mutations of p53 gene 
in hepatocellular carcinoma from southern Africa. Nature. 350(6317): 429-31.

BruixJ. 1997. Treatment of hepatocellular carcinoma. Hepatology. 25(2): 259-62.

298



Bruix J., M Sherman, J M Llovet, M Beaugrand. R Lencioni, A K Burroughs, E 
Christensen, L. Pagllaro, M Colombo, and J Rodes. 2001 Clinical management of
Hepatocellular Carcinoma Conclusions of the Barcelona-2000 EASL Conference J Hepatol. 
35(3); 421-30.

Bubendorf L., A. Schopfer, U. Wagner, G. Sauter, H. Moch, N. Willi, T. C. Casser, and M, J. 
Mihatsch. 2000 Metastatic patterns of prostate cancer: an autopsy study of 1,589 patients. 
Hum Pathol. 31(5): 578-83.

Buendia M. A. 2000. Genetics of hepatocellular carcinoma. Semin Cancer Biol. 10(3): 185- 
200 .

Burr A, W., K. J, Hillan, K, E. McLaughlin, R, Perrier, C. Chapman, J. Mathew, and A. D. Burt.
1996. Hepatocyte growth factor levels in liver and serum increase during chemical 
hepatocarcinogenesis, Hepatology. 24(5): 1282-7.

Cameron R. G., P. D, Greig, E, Farber, S. Wilson, M. Sherman, G. A, Levy, and M. J. Phillips, 
1993. Small encapsulated hepatocellular carcinoma of the liver. Provisional analysis of 
pathogenetic mechanisms. Cancer. 72(9): 2550-9.

Caplin M., K, Khan, K. Savage, J. Rode, A, Varro, D. Michaeli, S, Grimes, B. Brett, R. 
Pounder, and A. Dhillon, 1999, Expression and processing of gastrin in hepatocellular 
carcinoma, fibrolamellar carcinoma and cholangiocarcinoma, J Hepatol. 30(3): 519-26.

Cedrone A., G. L. Rapaccini, M. Pompili, A. Grattagliano, A, Aliotta, and C. Trombino, 1992 
Neoplastic seeding complicating percutaneous ethanol injection for treatment of 
hepatocellular carcinoma. Radiology. 183(3): 787-8.

Cerutti P., P, Hussain, C. Pourzand, and F. Aguilar. 1994. Mutagenesis of the H-ras 
protooncogene and the p53 tumor suppressor gene. Cancer Res 54(7 SuppI); 1934s-8s.

Chang M. H., C. J. Chen, M. S, Lai, H, M. Hsu, T. C. Wu, M. S. Kong, D. C. Liang, W. Y. 
Shau, and D, S. Chen, 1997. Universal hepatitis B vaccination in Taiwan and the incidence 
of hepatocellular carcinoma in children. Taiwan Childhood Hepatoma Study Group. N Engl J 
Med. 336(26): 1855-9,

Chapel F., C. Guettier, C. Chastang, A, A, Rached, D, Mathieu, M, Tepper, M. Beaugrand, 
and J. C, Trinchet. 1996, Needle biopsy of hepatocellular carcinoma: assessment of 
prognostic contribution of histologic parameters including proliferating cell nuclear antigen 
labeling and correlations with clinical outcomes. Group d’Etude et de Traitement du 
Carcinoma Hepatocellulaire, Cancer 77{5): 864-71.

Chaubert P., R, Gayer, A. Zimmermann, C. Fontolliet, B. Stamm, F. Bosman, and P. Shaw.
1997. Germ-line mutations of the p16INK4(MTS1) gene occur in a subset of patients with 
hepatocellular carcinoma, Hepatology. 25(6): 1376-81,

Chen P. J. and D, S, Chen. 1999, Hepatitis B virus infection and hepatocellular carcinoma: 
molecular genetics and clinical perspectives. Semin Liver Dis. 19(3): 253-62.

Chevret S., J. C, Trinchet, D, Mathieu, A. A, Rached, M. Beaugrand, and C. Chastang. 1999, 
A new prognostic classification for predicting survival in patients with hepatocellular 
carcinoma. Groupe d'Etude et de Traitement du Carcinome Hepatocellulaire. J Hepatol. 
31(1): 133-41,

299



Collier J D K  Guo, W J Gullick, M F Bassendine and A D Burt 1993 Expression of 
transforming growth factor alpha in human hepatocellular carcinoma. Liver 13(3); 151-5

Collier J and M. Sherman 1998. Screening for hepatocellular carcinoma Hepatology. 
27(1): 273-8.

Colombo M., R. de Franchis, E. Del Ninno, A. Sangiovanni, C. De Fazio, M. Tommasini, M. F. 
Donato, A. Piva, Carlo Di, V, and N. Dioguardi. 1991 Hepatocellular carcinoma in Italian 
patients with cirrhosis. N Engl J Med. 325(10): 675-80.

Colombo M. 1999 Hepatitis C virus and hepatocellular carcinoma. Semin Liver Dis. 19(3): 
263-9.

Cotran RS, Kumar V, Collins T. Neoplasia. In: Cotran RS, Kumar V, Collins T, eds. 
Robbins. Pathological Basis of Disease. Sixth Edition ed. Philadelphia, London, Toronto, 
Montreal, Sidney, Tokyo: W.B. Saunders Company.

Cottone M., R. Virdone, G. Fusco, A. Orlando, M. Turri, M. Caltagirone, A. Maringhini, E. 
Sciarrino, I. Demma, and N. Nicoli. 1989. Asymptomatic hepatocellular carcinoma in Child's 
A cirrhosis. A comparison of natural history and surgical treatment. Gastroenterology 96(6): 
1566-71.

Craig JR, Peters RL, and Edmonson HA. Tumours of the liver and intrahepatic bile ducts. 
2nd series ed. Fascicle 26. Washington DC: Armed Forces Institute of Pathology.

Crosby H. A., D. A. Kelly, and A. J. Strain. 2001. Human Hepatic Stem-like Cells Isolated 
Using c-kit or CD34 Can Differentiate Into Biliary Epithelium. Gastroenterology. 120(2): 534- 
44.

De Juan C., P. Iniesta, F. J. Vega, M. A. Peinado, C. Fernandez, T. Caldes, M. J. Massa, J.
A. Lopez, A. Sanchez, A. J. Torres, J. L. Balibrea, and M. Benito. 1998. Prognostic value of 
genomic damage in non-small-cell lung cancer. BrJ Cancer. 77(11): 1971-7.

De Juan C., P. Iniesta, J. Cruces, A. Sanchez, M. J. Massa, R. Gonzalez-Quevedo, A. J. 
Torres, J. L. Balibrea, and M. Benito. 1999 DMA amplification on chromosome 6p12 in non 
small cell lung cancer detected by arbitrarily primed polymerase chain reaction. Int J Cancer. 
84(4): 344-9.

De Miglio M. R., M. R. Muroni, M. M. Simile, P. Virdis, G. Asara, M. Frau, D. F. Calvisi, M. A. 
Seddaiu, R. M. Pascale, and F. Feo. 2001. Frequent loss of heterozygosity at the Hcrl 
(hepatocarcinogenesis resistance) locus on chromosome 10 in primary hepatocellular 
carcinomas from LFF1 rat strain. Hepatology. 33(5): 1110-7.

de Sousa J. M. M., B. Portmann, and R Williams. 1991. Nodular regenerative hyperplasia of 
the liver and the Budd-Chiari syndrome. Case report, review of the literature and reappraisal 
of pathogenesis. J Hepatol. 12(1): 28-35.

DeBenedetti V, J. A. Welsh, G. E. Trivers, A. Harpster, A. J. Parkinson, A. P. Lanier, B. J. 
McMahon, and W. P. Bennett. 1995. p53 is not mutated in hepatocellular carcinomas from 
Alaska Natives. Cancer Epidemiol Biomarkers Prev. 4(1): 79-82.

Demetris A. J., R. Jaffe, and T. E. Starzl. 1987 A review of adult and pediatric post
transplant liver pathology. Pathol Annu. 22 (Pt 2): 347-86.

300



Demuru P 2000 Popolazione residente nei comuni nella Sardegna al 1 gennaio 1998 
Epidemiologia in Sardegna 4; 55-80 {http://www.regione.sardegna.it).

DeRisi J., L. Penland, P. O. Brown, M. L. Bittner, P. S. Meltzer, M. Ray, Y. Chen, Y. A. Su, 
and J. M. Trent. 1996. Use of a cDNA microarray to analyse gene expression patterns in 
human cancer. Nat Genet. 14 (4): 457-60.

Deugnier Y. M., P. Charalambous, D. Le Quilleuc, B. Turlin, J. Searle, P. Brissot, L. W. 
Powell, and J. W. Halliday. 1993. Preneoplastic significance of hepatic iron-free foci in 
genetic hemochromatosis: a study of 185 patients. Hepatology. 18(6): 1363-9.

Dhillon AP, R Colombari, K Savage, and PJ Scheuer. 1992. An immunohistochemical study 
of the blood vessels within primary hepatocellular tumours. Liver. 12(5): 311-8.

Donato F., A. Tagger, R. Chiesa, M. L. Ribero, V. Tomasoni, M. Fasola, U. Gelatti, G. 
Portera, P. Boffetta, and G. Nardi. 1997. Hepatitis B and C virus infection, alcohol drinking, 
and hepatocellular carcinoma: a case-control study in Italy. Brescia HOC Study. Hepatology. 
26(3): 579-84.

Donato M. F., E. Arosio, E. Del Ninno, G. Ronchi, P. Lampertico, A. Morabito, M. R. 
Balestrieri, and M. Colombo. 2001. High rates of hepatocellular carcinoma in cirrhotic 
patients with high liver cell proliferative activity. Hepatology. 34(3): 523-8.

Dutta U, J Kench, K Byth, MH Khan, R Lin, C Liddle, and GC Parrel. 1998. Hepatocellular 
proliferation and development of hepatocellular carcinoma: A case-control study in chronic 
hepatitis C. Hum Pathol. 29(11): 1279-84.

Ebara M., M. Ohto, T. Shinagawa, N. Sugiura, K. Kimura, S. Matsutani, M. Morita, H. Saisho, 
Y. Tsuchiya, and K. Okuda. 1986. Natural history of minute hepatocellular carcinoma smaller 
than three centimeters complicating cirrhosis. A study in 22 patients. Gastroenterology. 
90(2): 289-98.

Edmondson HA and PE Steiner. 1954. Primary carcinoma of the liver. A study of 100 cases 
among 48,900 necropsies. Cancer. 7(3): 462-503.

Eguchi A., O. Nakashima, S. Okudaira, S. Sugihara, and M. Kojiro. 1992. Adenomatous 
hyperplasia in the vicinity of small hepatocellular carcinoma. Hepatology. 15(5): 843-8.

Elmore L. W., A. R. Hancock, S. F. Chang, X. W. Wang, S. Chang, C. P. Callahan, D. A. 
Geller, H. Will, and C. C. Harris. 1997. Hepatitis B virus X protein and p53 tumor suppressor 
interactions in the modulation of apoptosis. Proa Natl Acad Sci USA. 94(26): 14707-12.

El-Serag H. B. and A. C. Mason. 1999. Rising incidence of hepatocellular carcinoma in the 
United States. N EnglJ Med. 340(10): 745-50.

Emile J. F., R. Adam, M. Sebagh, E. Marchadier, B. Falissard, E. Dussaix, H. Bismuth, and 
M. Reynes. 2000. Hepatocellular carcinoma with lymphoid stroma: a tumour with good 
prognosis after liver transplantation. Histopathology. 37(6): 523-9.

Emmert-Buck M. R., R. F. Bonner, P. D. Smith, R. F. Chuaqui, Z. Zhuang, S. R. Goldestein, 
R. A. Weiss, and L. A. Liotta. 1996. Laser capture microdissection. Science. 274(5289): 
998-1001.

Endo K., T. Ueda, J. Ueyama, T. Ohta, and T. Terada. 2000. Immunoreactive E-cadherin, 
alpha-catenin, beta-catenin, and gamma-catenin proteins in hepatocellular carcinoma:

301

http://www.regione.sardegna.it


relationships with tumor grade, clinicopathologic parameters, and patients' sun/ival Hum 
Pathol. 31(5) 558-65

Eriksson S., J. Carlson, and R, Velez. 1986. Risk of cirrhosis and primary liver cancer in 
alpha 1-antitrypsin deficiency. N EnglJ Med. 314(12): 736-9.

Erlitzki R. and G. Y. Minuk. 1999. Telomeres, telomerase and HOC: the long and the short of 
it. J Hepatol. 31(5): 939-45.

Farber E. 1991. Hepatocyte proliferation in stepwise development of experimental liver cell 
cancer. Dig Dis Sci. 36(7): 973-8.

Fausto N. 1999. Mouse Liver Tumorigenesis: Models, Mechanisms, and relevance to 
Human Disease. Semin Liver Dis. 19(3): 243-52.

Fausto N. 2000. Liver regeneration. J Hepatol. 32(1 SuppI): 19-31.

Feitelson M. A. 1998. Hepatitis B x antigen and p53 in the development of hepatocellular 
carcinoma. J Hepatobiliary Pancreat Surg. 5(4): 367-74.

Fennelly J., G. Crabtree, D. Macdonald, S. Lorimore, S. Laval, J. Proffitt, Y. Boyd, E. Wright, 
and M. Plumb. 1995. Complex Y chromosome aberrations are a recurrent secondary event 
in radiation-induced murine acute myeloid leukaemia. Leukemia. 9(3): 506-12.

Ferlicot S., V. Paradis, D. Dargere, G. Monges, and P. Bedossa. 1999. Detection of 
telomerase in hepatocellular carcinomas using a PCR ELISA assay: comparison with hTR 
expression. J Clin Pathol. 52(10): 725-9.

Ferrell L. D., J. M. Crawford, A. P. Dhillon, P. J. Scheuer, and Y. Nakanuma. 1993. Proposal 
for standardized criteria for the diagnosis of benign, borderline, and malignant hepatocellular 
lesions arising in chronic advanced liver disease. Am J Surg Pathol. 17(11): 1113-23.

Forman D., I .  J. Vincent, and R. Doll. 1986. Cancer of the liver and the use of oral 
contraceptives. BMJ (Clin Res Ed). 292(6532): 1357-61.

Forman D. 1991. Ames, the Ames test, and the causes of cancer. BMJ. 303(6800): 428-9.

Fracanzani A. L., E. Taioli, M. Sampietro, E. Fatta, C. Bertelli, G. Fiorelli, and S. Fargion. 
2001. Liver cancer risk is increased in patients with porphyria cutanea tarda in comparison to 
matched control patients with chronic liver disease. J Hepatol. 35(4): 498-503.

Frachon S., G. Gouysse, J. Dumortier, A. Couvelard, M. Nejjari, F. Mion, F. Berger, P. 
Paliard, O. Boillot, and J. Y. Scoazec. 2001. Endothelial cell marker expression in dysplastic 
lesions of the liver: an immunohistochemical study. J Hepatol. 34(6): 850-7.

Franco D., L. Capussotti, C. Smadja, H. Bouzari, J. Meakins, F. Kemeny, D. Grange, and M. 
Dellepiane. 1990. Resection of hepatocellular carcinomas. Results in 72 European patients 
with cirrhosis. Gastroenterology. 98(3): 733-8.

Frederiks W. M. and Van Noorden C. J. F. eds. Enzyme histochemistry. Oxford: Bios
Scientific Publishers.

Fukui H., M. Takada, I .  Chiba, R. Kashiwagi, M. Sakane, F. Tabata, Y. Kuroda, Y. Ueda, H. 
Kawamata, J. Imura, and T. Fujimori. 2001. Concurrent occurrence of gastric

302



adenocarcinoma and duodenal neuroendocrine cell carcinoma: a composite tumour or 
collision tumours ? Gut 48(6): 853-6.

Furuya K., M. Nakamura, Y. Yamamoto, K. Togei, and H Otsuka. 1988 Macroregenerative 
nodule of the liver. A clinicopathologic study of 345 autopsy cases of chronic liver disease. 
Cancer. 61(1): 99-105.

Fuster J., J. C. Garcia-Valdecasas, L. Grande, J. Tabet, J. Bruix, T. Anglada, P. Taura, A. M. 
Lacy, X. Gonzalez, R. Vilana, C. Bru, M. Sole, and J. Visa. 1996. Flepatocellular carcinoma 
and cirrhosis. Results of surgical treatment in a European series. Ann Surg. 223(3): 297- 
302.

Gaffey M. J., J. C. lezzoni, and L. M. Weiss. 1996. Clonal analysis of focal nodular 
hyperplasia of the liver. Am J Pathol. 148(4): 1089-96.

Garber J. E., F. P. Li, J. E. Kingston, A. J. Krush, L. 0. Strong, M. J. Finegold, L. Bertario, S. 
Bulow, A. Filippone, and T. Gedde-Dahl. 1988. Hepatoblastoma and familial adenomatous 
polyposis. J Natl Cancer Inst. 80(20): 1626-8.

Garcia S., F. Martini, C. De Micco, L. Andrac, J. Hardwigsen, P. Sappa, M. N. Lavaut, Y. P. 
Le Treut, and 0. Charpin. 1998. Immunoexpression of E-cadherin and beta-catenin 
correlates to survival of patients with hepatocellular carcinomas. Int J Oncol. 12(2): 443-7.

Garcia SB, MS Park, M Novelli, and NA Wright. 1999. Field cancerization, clonality, and 
epithelial stem cells: the spread of mutated clones in epithelial sheets. J Pathol. 187(1): 61- 
81.

Gilbert-Barness E., L. A. Barness, and L. F. Meisner. 1990. Chromosomal instability in 
hereditary tyrosinemia type I. Pediatr Pathol. 10(1-2): 243-52.

Going J. J. and R. F. Lamb. 1996. Practical histological microdissection for PCR analysis. J 
Pathol. 179(1): 121-124

Going J. J., HM Abdel-Monem, and JA Craft. 2000. Mosaic X chrosome inactivation in 
human breast cancer. J Pathol. SuppI 4a.

Going J. J., Abd El-Monem HM, and J. A. Craft. 2001. Clonal origins of human breast 
cancer. J Pathol. 194(4): 406-12.

Golub T. R., D. K. Slonim, P. Tamayo, C. Huard, M. Gaasenbeek, J. P. Mesirov, H. Coller, M. 
L. Loh, J. R. Downing, M. A. Caligiuri, C. D. Bloomfield, and E. S. Lander. 1999. Molecular 
classification of cancer: class discovery and class prediction by gene expression monitoring. 
Science. 286(5439): 531-7.

Gomez Sanz R., E. Moreno Gonzalez, F Colina Ruiz-Delgado, H. Garcia-Munoz, F. Ochando 
Cerdan, and I. Gonzalez-Pinto. 1998. Spontaneous regression of a recurrent hepatocellular 
carcinoma. Dig Dis Sci. 43(2): 323-8.

Goodman Z. D. and K. G. Ishak. 1982. Hepatocellular carcinoma in women: probable lack of 
etiologic association with oral contraceptive steroids. Hepatology. 2(4): 440-4.

Greenblatt M. S., M. A. Feitelson, M. Zhu, W. P. Bennett, J. A. Welsh, R. Jones, A. 
Borkowski, and C. C. Harris. 1997. Integrity of p53 in hepatitis B x antigen-positive and - 
negative hepatocellular carcinomas. Cancer Res. 57(3): 426-32.

303



Griffini P E Vigorelli, V. Bertone, I Freitas, and C J Van Noorden 1994 Quantitative 
comparison between the gel-film and polyvinyl alcohol methods for dehydrogenase 
histochemistry reveals different intercellular distribution patterns of glucose-6-phosphate and 
lactate dehydrogenases in mouse liver. Histochem J. 26(6): 480-6.

Griffiths D. F. R., S. J. Davies, D. Williams, and G. T. Williams E. D. Williams. 1988. 
Demonstration of somatic mutation and colonic crypt clonality by X-linked enzyme 
histochemistry. Nature. 333(6172): 461-3.

Gruner B. A., T. S. DeNapoli, W. Andrews, G. Tomlinson, L Bowman, and S. D. Weitman.
1998. Hepatocellular carcinoma in children associated with Gardner syndrome or familial 
adenomatous polyposis. J Pediatr Hematol Oncol. 20(3): 274-8.

Harada K., M. Yasoshima, S. Ozaki, T. Sanzen, and Y. Nakanuma. 2001. PCR and in situ 
hybridization studies of telomerase subunits in human non-neoplastic livers. J Pathol. 
193(2): 210-7.

Haramaki M., H. Yano, K. Fukuda, S. Momosaki, S. Ogasawara, and M. Kojiro. 1995. 
Expression of CD44 in human hepatocellular carcinoma cell lines. Hepatology. 21(5); 1276- 
84.

Ha rata ke J., S. Takeda, I .  Kasai, S. Nakano, and N. Tokui. 1993. Predictable factors for 
estimating prognosis of patients after resection of hepatocellular carcinoma. Cancer. 72(4): 
1178-83.

Ha rata ke J. and H. Hashimoto. 1995. An immunohistochemical analysis of 13 cases with 
combined hepatocellular and cholangiocellular carcinoma. Liver. 15(1): 9-15.

Heim S., M. A. Teixeira, and N. Pandis. 2001. Are some breast carcinomas polyclonal in
origin? J Pathol. 194(4): 395-7.

Heinemann K., S. N. Willich, L. A. Heinemann, T. DoMinh, M. Mohner, and G. E. Heuchert. 
2000. Occupational exposure and liver cancer in women: results of the Multicentre 
International Liver Tumour Study (MILTS). Occup Med (Lond). 50(6): 422-9.

Heinze T., S. Jonas, A. Karsten, and P. Neuhaus. 1999. Determination of the oncogenes 
p53 and C-erb B2 in the tumour cytosols of advanced hepatocellular carcinoma (HOC) and 
correlation to survival time. Anticancer Res. 19(4A): 2501-3.

Himeno Y., Y. Fukuda, M. Hatanaka, and H. Imura. 1988. Expression of oncogenes in 
human liver disease. Liver. 8(4): 208-12.

Himeno H, H Enzan, T Saibara, S Onishi, and Y Yamamoto. 1994. Hitherto unrecognized 
arterioles within hepatocellular carcinoma. J Pathol. MA{3): 217-22.

Hino N., T. Higashi, K. Nouso, H. Nakatsukasa, Y. Urabe, N. Kinugasa, K. Yoshida, K. 
Ashida, S. Ohguchi, and T. Tsuji. 1997. Proliferating cell nuclear antigen and grade of 
malignancy in small hepatocellular carcinoma-evaluation in US-guided specimens. 
Hepatogastroenterology. 44(13): 245-50.

Honda K., E. Sbisa, A. Tullo, P. A. Papeo, C. Saccone, S. Poole, M. Pignatelli, R. R. Mitry, S.
Ding, A. Isla, A. Davies, and N. A. Habib. 1998. p53 mutation is a poor prognostic indicator
for survival in patients with hepatocellular carcinoma undergoing surgical tumour ablation. Br 
J Cancer. 77(5): 776-82.

304



Hsu H C J C, Sheu, Y H Lin, D S Chen, C S Lee. L Y Hwang, and R P Beasley 
1985 Prognostic histologie features of resected small hepatocellular carcinoma (HCC) in 
Taiwan A comparison with resected large HCC. Cancer 56(3) 672-80

Hsu H. C., T. T. Wu, M, Z. Wu, J. C Sheu, C S. Lee, and D. S. Chen. 1988. Tumor 
invasiveness and prognosis in resected hepatocellular carcinoma. Clinical and pathogenetic 
implications. Cancer. 61(10); 2095-9.

Hsu I. C., R. A. Metcalf, T. Sun, J. A. Welsh, N. J. Wang, and C. C. Harris. 1991 Mutational 
hotspot in the p53 gene in human hepatocellular carcinomas. Nature. 350(6317): 427-8.

Huang G. T., J. C. Sheu, P. M. Yang, H. S. Lee, T. H. Wang, and D. S. Chen. 1996. 
Ultrasound-guided cutting biopsy for the diagnosis of hepatocellular carcinoma - a study 
based on 420 patients. J Hepatol. 25(3): 334-8.

Huang G. T., H. S. Lee, C. H. Chen, L L. Chiou, Y. W. Lin, C. Z. Lee, D. S. Chen, and J. C. 
Sheu. 1998. Telomerase activity and telomere length in human hepatocellular carcinoma. 
EurJ Cancer. 34(12): 1946-9.

Huang G. T., H. S. Lee, C. H. Chen, J. C. Sheu, L. L. Chiou, and D. S. Chen. 1999a. 
Correlation of E-cadherin expression and recurrence of hepatocellular carcinoma. 
Hepatogastroenterology. 46(27): 1923-7.

Huang H., H. Fujii, A. Sankila, B. M. Mahler-Araujo, M. Matsuda, G. Cathomas, and H. 
Ohgaki. 1999b. Beta-catenin mutations are frequent in human hepatocellular carcinomas 
associated with hepatitis C virus infection. Am J Pathol. 155(6): 1795-801.

Hughes L. J. and V. V. Michels. 1992. Risk of hepatoblastoma in familial adenomatous 
polyposis. Am J Med Genet. 43(6): 1023-5.

Hui A. M., X. Li, M. Makuuchi, T. Takayama, and K. Kubota. 1999. Over-expression and lack 
of retinoblastoma protein are associated with tumor progression and metastasis in 
hepatocellular carcinoma. Int J Cancer. 84(6): 604-8.

Hui A. M., Y. Z. Shi, X. Li, T. Takayama, and M. Makuuchi. 2000. Loss of p16(INK4) protein, 
alone and together with loss of retinoblastoma protein, correlate with hepatocellular 
carcinoma progression. Cancer Lett. 154(1): 93-9.

Hutchison H. T. 1973. A model for estimating the extent of variegation in mosaic tissues. J 
TheorBiol 38(1) 61-79.

Hytiroglou P., V. Kotoula, S. N. Thung, M. Tsokos, M. I. Fiel, and C. S. Papadimitriou. 1998 
Telomerase activity in precancerous hepatic nodules. Cancer. 82(10): 1831-8.

Ide T., H. Tahara, R. Nakashio, M. Kitamoto, T. Nakanishi, and G. Kajiyama. 1996. 
Telomerase in hepatocellular carcinogenesis. Hum Cell. 9(4): 283-6.

I nee N. and J. R. Wands. 1999 The increasing incidence of hepatocellular carcinoma. N 
EnglJ Med. 340(10): 798-9.

Ionov j, M. A. Peinado, S Malchosyan, D SHibata, and M. Perucho. 1993. Ubiquitous 
somatic mutations in simple repeated sequences reveal a new mechanism for colonic 
carcinogenesis. Nature. 363(6429): 558-61.

305



Isokawa O T Suda, Y Aoyagi. H Kawai, T Yokota T Takahashi, K. Tsukada T Shimizu
5. Mori. Y. Abe, Y Suzuki, M. Nomoto, Y Mita, M. Yanagi, H. Igarashi, and H Asakura. 
1999 Reduction of telomeric repeats as a possible predictor for development of 
hepatocellular carcinoma convenient evaluation by slot-blot analysis, Hepatology 30(2): 
408-12.

Ito Y., Y. Sasaki, M. Horimoto, S. Wada, Y. Tanaka, A. Kasahara, T. Ueki, I .  Hirano, H. 
Yamamoto, J. Fujimoto, E. Okamoto, N. Hayashi, and M. Hori. 1998. Activation of mitogen- 
activated protein kinases/extracellular signal-regulated kinases in human hepatocellular 
carcinoma. Hepatology. 27(4): 951-8.

Ito Y., N. Matsuura, M. Sakon, E. Miyoshi, K. Noda, T. Takeda, K. Umeshita, H. Nagano, S. 
Nakamori, K. Dono, M. Tsujimoto, M. Nakahara, K. Nakao, N. Taniguchi, and M. Monden.
1999. Expression and prognostic roles of the G1-S modulators in hepatocellular carcinoma: 
p27 independently predicts the recurrence. Hepatology. 30(1): 90-9.

Ito Y., M. Monden, T. Takeda, H. Eguchi, K. Umeshita, H. Nagano, S. Nakamori, K. Dono, M. 
Sakon, M. Nakamura, M. Tsujimoto, M. Nakahara, K. Nakao, Y. Yokosaki, and N. Matsuura.
2000. The status of Fas and Fas ligand expression can predict recurrence of hepatocellular 
carcinoma. B rJ Cancer. 82(6): 1211-7.

Itoh T., T. Shiro, T. Seki, T. Nakagawa, M. Wakabayashi, K. Inoue, and A. Okamura. 2000. 
Relationship between p53 overexpression and the proliferative activity in hepatocellular 
carcinoma. Int J Mol Med. 6(2): 137-42.

Iwasaki M., J. Furuse, M. Yoshino, N. Moriyama, H. Kanemoto, and H. Okumura. 1997. 
Spontaneous regression of hepatocellular carcinoma: a case report. Jpn J Clin Oncol. 27(4): 
278-81.

Iwatsuki S., T. E. Starzl, D. G. Sheahan, I. Yokoyama, A. J. Demetris, S. Todo, A. G. Tzakis, 
D. H. Van Thiel, B. Carr, and R. Selby. 1991. Hepatic resection versus transplantation for 
hepatocellular carcinoma. Ann Surg. 214(3): 221-8.

Jeffreys A. J., J. F. Brookfield, and R. Semeonoff. 1985a. Positive identification of an 
immigration test-case using human DNA fingerprints. Nature. 317(6040): 818-9.

Jeffreys A. J., V. Wilson, and S. L. Thein. 1985b. Hypervariable 'minisatellite' regions in 
human DNA. Nature. 314(6006): 67-73.

Jeffreys A. J., V. Wilson, and S. L. Thein. 1985c. Individual-specific 'fingerprints' of human 
DNA. Nature 316(6023): 76-9.

Johnson P. and J. Bruix. 2000. Hepatocellular carcinoma and the art of prognostication. J 
Hepatol. 33(6): 1006-8.

Jonas S., W. O. Bechstein, T. Steinmuller, M. Herrmann, C. Radke, T. Berg, U. Settmacher, 
and P. Neuhaus. 2001. Vascular invasion and histopathologic grading determine outcome 
after liver transplantation for hepatocellular carcinoma in cirrhosis. Hepatology. 33(5): 1080-
6 .

Kaczynski J., G. Hansson, H. Remotti, and S. Wallerstedt. 1998. Spontaneous regression of 
hepatocellular carcinoma. Histopathology. 32(2): 147-50.

306



Kaji K . T Terada, and Y Nakanuma 1994 Frequent occurrence of hepatocellular 
carcinoma in cirrhotic livers after surgical resection of atypical adenomatous hyperplasia 
(borderline hepatocellular lesion): a follo\w-up study Am J Gastroenterol. 89(6): 903-8

Kanai T , S. Hirohashi, M. P. Upton, M. Noguchi, K. Kishi, M. Makuuchi, S. Yamasaki, H. 
Hasegawa, K. Takayasu, and N. Moriyama. 1987. Pathology of small hepatocellular 
carcinoma. A proposal for a new gross classification. Cancer. 60(4): 810-9.

Kanai Y., S. Ushijima, A. M. Hui, A. Ochiai, H. Tsuda, M. Sakamoto, and S. Hirohashi. 1997. 
The E-cadherin gene is silenced by CpG méthylation in human hepatocellular carcinomas. 
Int J Cancer. 71(3): 355-9.

Kanai Y., S. Ushijima, H. Tsuda, M. Sakamoto, and S. Hirohashi. 2000. Aberrant DNA 
méthylation precedes loss of heterozygosity on chromosome 16 in chronic hepatitis and liver 
cirrhosis. Cancer Lett. 148(1): 73-80.

Kanamaru T., M. Yamamoto, Y. Morita, T. Itoh, Y Kuroda, and H. Hisatomi. 1999. Clinical 
implications of telomerase activity in resected hepatocellular carcinoma. Int J Mol Med. 4(3): 
267-71.

Karachristos A., T. Liloglou, J. K. Field, E. Deligiorgi, E. Kouskouni, and D. A. Spandidos.
1999. Microsatellite instability and p53 mutations in hepatocellular carcinoma. Mol Cell Biol 
Res Commun. 2(3): 155-61.

Katiyar S., B. 0. Dash, V. Thakur, R. 0. Guptan, S. K. Sarin, and B. 0. Das. 2000. P53 
tumor suppressor gene mutations in hepatocellular carcinoma patients in India. Cancer. 
88(7): 1565-73.

Kauppinen R. and P. Mustajoki. 1988. Acute hepatic porphyria and hepatocellular 
carcinoma. BrJ Cancer. 57(1): 117-20.

Kawai S., F. Imazeki, O. Yokosuka, M. Ohto, S. Shiina, N. Kato, and M. Omata. 1995. 
Clonality in hepatocellular carcinoma: analysis of méthylation pattern of polymorphic X- 
chromosome-linked phosphoglycerate kinase gene in females. Hepatology. 22(1): 112-7.

Kawai H., T. Suda, Y. Aoyagi, O. Isokawa, Y. Mita, N. Waguri, T. Kuroiwa, M. Igarashi, K. 
Tsukada, S. Mori, T. Shimizu, Y. Suzuki, Y. Abe, T. Takahashi, M. Nomoto, and H. Asakura.
2000. Quantitative evaluation of genomic instability as a possible predictor for development 
of hepatocellular carcinoma: comparison of loss of heterozygosity and replication error. 
Hepatology. 31(6): 1246-50.

Kawai H. F., S. Kaneko, M. Honda, Y. Shirota, and K. Kobayashi. 2001. alpha-fetoprotein- 
producing hepatoma cell lines share common expression profiles of genes in various 
categories demonstrated by cDNA microarray analysis. Hepatology. 33(3): 676-91.

Kazachkov Y., B. Yoffe, V. I. Khaoustov, H. Solomon, G. B. Klintmalm, and E. Tabor. 1998. 
Microsatellite instability in human hepatocellular carcinoma: relationship to p53 abnormalities. 
Liver. 18(3): 156-61.

Kew M. C. 1989. Hepatocellular carcinoma with and without cirrhosis. A comparison in 
southern African blacks. Gastroenterology. 97(1): 136-9.

Khan J., R. Simon, M. Bittner, Y. Chen, S. B. Leighton, T. Pohida, P. D. Smith, Y. Jiang, G. C. 
Gooden, J. M. Trent, and P. S. Meltzer. 1998. Gene expression profiling of alveolar 
rhabdomyosarcoma with cDNA microarrays. Cancer Res. 58(22): 5009-13.

307



Kim K W. S K. 8ae, O H Lee, M H Bae M J Lee and B. C. Park 1998 Insulin-like 
growth factor II induced by hypoxia may contribute to angiogenesis of human hepatocellular 
carcinoma Cancer Res. 58(2) 348 -51

Kim H., M. J, Lee, M. R. Kim, I. P. Chung, Y. M. Kim, J. Y. Lee, and J. J. Jang. 2000. 
Expression of cyclin DI, cyclin E, cdk4 and loss of heterozygosity of 8p, 13q, 17p in 
hepatocellular carcinoma: comparison study of childhood and adult hepatocellular carcinoma. 
Liver. 20(2): 173-8.

King K. L, J. J. Hwang, G. Y. Chau, S. H. Tsay, C. W. Chi, T. G. Lee, L. H. Wu, C. W. Wu. 
and W. Y. Lui. 1998. Ki-67 expression as a prognostic marker in patients with hepatocellular 
carcinoma. J Gastroenterol Hepatol. 13(3): 273-9.

Kira S., T. Nakanishi, S. Suemori, M. Kitamoto, Y. Watanabe, and G. Kajiyama. 1997. 
Expression of transforming growth factor alpha and epidermal growth factor receptor in 
human hepatocellular carcinoma. Liver. 17(4): 177-82.

Kirimlioglu H., I. Dvorchick, K. Ruppert, S. Finkelstein, J. W. Marsh, S. Iwatsuki, A. Bonham,
B. Carr, M. Nalesnik, G. Michalopoulos, T. Starzl, J. Fung, and A. Demetris. 2001. 
Hepatocellular carcinomas in native livers from patients treated with orthotopic liver 
transplantation: biologic and therapeutic implications. Hepatology. 34(3): 502-10.

Kirkman H. N., F. Schettini, and B. M. Pickard. 1964. Mediterranean variant of glucose-6- 
phosphate dehydrogenase. J Lab & Clin Med. 63(5): 726-35.

Kishimoto Y., T. Morisawa, M. Kitano, G. Shiota, Y. Horie, T. Suou, H. Ito, H. Kawasaki, and 
J. Hasegawa. 2001. Loss of heterozygosity of the mannose 6-phosphate/insulin-like growth 
factor II receptor and p53 genes in human hepatocellular carcinoma. Hepatol Res. 20(1): 
68-83.

Klinger M. H. and K. J. Halbhuber. 1991. The perinatal development of glucose-6- 
phosphatase activity distribution pattern in rat liver. A microdensitometrical study. Acta 
Histochem. 90(1): 55-63.

Kojima H., O. Yokosuka, F. Imazeki, H. Saisho, and M. Omata. 1997. Telomerase activity 
and telomere length in hepatocellular carcinoma and chronic liver disease. Gastroenterology. 
112(2): 493-500.

Kojiro M. and O. Nakashima. 1999. Histopathologic evaluation of hepatocellular carcinoma 
with special reference to small early stage tumors. Semin Liver Dis. 19(3): 287-96.

Kojiro M. 2000. Premalignant lesions of hepatocellular carcinoma: pathologic viewpoint. J 
Hepatobiliary Pancreat Surg. 7(6): 535-41.

Komine F., M. Shimojima, M. Moriyama, S. Amaki, T. Uchida, and Y. Arakawa. 2000. 
Telomerase activity of needle-biopsied liver samples: its usefulness for diagnosis and 
judgement of efficacy of treatment of small hepatocellular carcinoma. J Hepatol. 32(2): 235- 
41.

Kondo F., M. Ebara, N. Sugiura, K. Wada, K. Kita, N. Hirooka, Y. Nagato, Y. Kondo, M. Ohto, 
and K. Okuda. 1990. Histological features and clinical course of large regenerative nodules: 
evaluation of their precancerous potentiality. Hepatology. 12(3 Pt 1): 592-8.

308



Kondo F , Y Kondo, Y Nagato. M. Tomizawa and K Wada 1994 Interstitial tumour cell 
invasion in small hepatocellular carcinoma. Evaluation in microscopic and low magnification 
views ; Gastroenterol Hepatol 9(6) 604-12

Kondo Y , Y Kanai, M. Sakamoto, M. Mizokami, R. Ueda, and S. Hirohashi. 1999a. 
Microsatellite instability associated with hepatocarcinogenesis. J Hepatol. 31(3): 529-36.

Kondo Y., Y. Kanai, M. Sakamoto, T. Genda, M. Mizokami, R. Ueda, and S. Hirohashi. 
1999b. Beta-catenin accumulation and mutation of exon 3 of the beta-catenin gene in 
hepatocellular carcinoma. Jpn J Cancer Res. 90(12): 1301-9.

Kondo Y., Y. Kanai, M. Sakamoto, M. Mizokami, R. Ueda, and S. Hirohashi. 2000. Genetic 
instability and aberrant DNA méthylation in chronic hepatitis and cirrhosis-A comprehensive 
study of loss of heterozygosity and microsatellite instability at 39 loci and DNA 
hypermethylation on 8 CpG islands in microdissected specimens from patients with 
hepatocellular carcinoma. Hepatology. 32(5): 970-9.

Koreth J, CJ Bakkenist, and JOD Mcgee. 1999. Chromosomes, 11q and cancer: a review. J 
Pathol. 187(1): 28-38.

Koyama M, H Nagai, K Bando, S Matsumoto, T Tajiri, M Onda, M Ito, Y Moriyama, and M 
Emi. 2000. New target region of allelic loss in hepatocellular carcinomas within a 1-cM 
interval on chromosome 6q23. J Hepatol. 33(1): 85-90.

Kreader C. A. 1996. Relief of amplification inhibition in PCR with bovine serum albumin or 
T4 gene 32 protein. AppI Environ Microbiol. 62(3): 1102-6.

Krishna Kumar G., A. Al Saadi, S. S. Yang, and R. S. McCaughey. 1979. Ataxia- 
telangiectasia and hepatocellular carcinoma. Am J Med Sci. 278(2): 157-60.

Kubo K., Y. Matsuzaki, M. Okazaki, A. Kato, N. Kobayashi, and K. Okita. 1998. The Fas 
system is not significantly involved in apoptosis in human hepatocellular carcinoma. Liver. 
18(2): 117-23.

Kudo M. 1999. Imaging diagnosis of hepatocellular carcinoma and premalignant/borderline 
lesions. Semin Liver Dis. 19(3): 297-309.

Kuroki T., Y. Fujiwara, E. Tsuchiya, S. Nakamori, S. Imaoka, T. Kanematsu, and Y. 
Nakamura. 1995. Accumulation of genetic changes during development and progression of 
hepatocellular carcinoma: loss of heterozygosity of chromosome arm Ip occurs at an early 
stage of hepatocarcinogenesis. Genes Chromosomes Cancer. 13(3): 163-7.

Kutami R., Y. Nakashima, O. Nakashima, K. Shiota, and M. Kojiro. 2000. Pathomorphologic
study on the mechanism of fatty change in small hepatocellular carcinoma of humans. J
Hepatol. 33(2): 282-9.

Laferla G., S. B. Kaye, and G. P. Crean. 1988. Hepatocellular and gastric carcinoma 
associated with familial polyposis coli. J Surg Oncol. 38(1): 19-21.

Lagasse E., H. Connors, M. Al-Dhalimy, M. Reitsma, M. Dohse, L. Osborne, X. Wang, M.
Finegold, I. L. Weissman, and M. Grompe. 2000. Purified hematopoietic stem cells can 
differentiate into hepatocytes in vivo. Nat Med. 6(11): 1229-34.

Lai 0. L., P. 0. Wu, K. 0. Lam, and D. Todd. 1979. Histologic prognostic indicators in 
hepatocellular carcinoma. Cancer. 44(5): 1677-83.

309



Lai E C I O. Ng, M M Ng, A. S Lok P. C Tarn, S T Fan. T K Choi, and J Wong 1990 
Long-term results of resection for large hepatocellular carcinoma: a multivariate analysis of 
clinicopathological features. Hepatology 11(5): 815-8

Lau W. Y., P. B. Lai, M. F. Leung, B C. Leung, N. Wong, G. Chen, T W. Leung, and C. T. 
Liew. 2000. Differential gene expression of hepatocellular carcinoma using cDNA microarray 
analysis. Oncol Res. 12(2): 59-69.

Laurent-Puig P., P. Legoix, O. Bluteau, J. Belghiti, D. Franco, F. Binot, G. Monges, G. 
Thomas, P. Bioulac-Sage, and J. Zucman-Rossi. 2001. Genetic alterations associated with 
hepatocellular carcinomas define distinct pathways of hepatocarcinogenesis. 
Gastroenterology. 120(7): 1763-73.

Ledesma S., L. Boada, L. Tito, S. Armengol, and M. Torres. 1998. Spontaneous regression 
of hepatocellular carcinoma. Gastroenterol Hepatol. 21(9): 469-70.

Lee RG, AC Tsamandas, and AJ Demetris. 1997 Large Cell Change (Liver Cell Dysplasia) 
and Hepatocellular Carcinoma in Cirrhosis: Matched Case-Control Study, Pathological 
Analysis and Pathogenetic Hypothesis. Hepatology. 26(6): 1415-1422

Lee S. H., M. S. Shin, H. S. Lee, J. H. Bae, H. K. Lee, H. S. Kim, S. Y. Kim, J. J. Jang, M. 
Joo, Y. K. Kang, W. S. Park, J. Y. Park, R. R. Oh, S. Y. Han, J. H. Lee, S. H. Kim, J. Y. Lee, 
and N. J. Yoo. 2001. Expression of Fas and Fas-related molecules in human hepatocellular 
carcinoma. Hum Pathol. 32(3): 250-6.

Lefkowitch JH. 2000. Neoplasms and Nodules . In: Scheuer P.J., Lefkowitch JH. Liver 
Biopsy Interpretation. Sixth ed. London, Edimburgh, New York, Philadelphia, St Louis, 
Sidney, Toronto: W.B. Saunders.

Legoix P., O. Bluteau, J. Bayer, C. Perret, C. Balabaud, J. Belghiti, D. Franco, G. Thomas, P. 
Laurent-Puig, and J. Zucman-Rossi. 1999. Beta-catenin mutations in hepatocellular 
carcinoma correlate with a low rate of loss of heterozygosity. Oncogene 18(27): 4044-6.

Lencioni R., D. Caramella, C. Bartolozzi, and G. Di Coscio. 1994. Long-term follow-up study 
of adenomatous hyperplasia in liver cirrhosis. Ital J Gastroenterol. 26(4): 163-8.

LeSher A. R., J. J. Castronuovo, and A. L. Filippone. 1989 Hepatoblastoma in a patient with 
familial polyposis coli. Surgery. 105(5): 668-70.

Li F. P., W. A. Thurber, J. Seddon, and G. E. Holmes. 1987. Hepatoblastoma in families with 
polyposis coli. JAMA. 257(18): 2475-7.

Li Y„ M. Y. Qiu, C. Q. Wu, Y. Q. Cao, R. Tang, Q. Chen, X. Y. Shi, Z. Q. Hu, Y. Xie, and Y. 
M. Mao. 2000. Detection of differentially expressed genes in hepatocellular carcinoma using 
DNA microarray. Yi Chuan Xue Bao. 27(12): 1042-8.

Liang G., C. E. Salem, MC Yu, HD Nguyen, F. A. Gonzales, TT Nguyen, PW Nichols, and P. 
A. Jones. 1998 DNA Méthylation Differences Associated with Tumour Tissues Identified by 
Genome Scanning Analysis. Genomics. 53(3): 260-8.

Libbrecht L, V. Desmet, B Van Damme, and T Roskams. 2000. The immunohistochemical 
phenotype of dysplastic foci in human liver: correlation with putative progenitor cells. J 
Hepatol. 33(1): 76-84

310



Libbrecht L, V Desmet, B Van Damme, and T Roskams 2001 Nodular lesions in cirrhotic 
livers resembling focal nodular hyperplasia. J Hepatol (Supp11): 96

Lin Y. W., J. C, Sheu, G, T. Huang, H. S. Lee, C, H Chen, J. T. Wang. P. H. Lee, and F. J 
Lu. 1999. Chromosomal abnormality in hepatocellular carcinoma by comparative genomic 
hybridisation in Taiwan. EurJ Cancer. 35(4): 652-8.

Llovet J. M., J. Bruix, J. Fuster, A. Castells, J. C. Garcia-Valdecasas, L. Grande, A. Franca,
C. Bru, M. Navasa, M. C. Ayuso, M. Sole, M. I. Real, R. Vilana, A. Rimola, J. Visa, and J. 
Rodes. 1998. Liver transplantation for small hepatocellular carcinoma: the tumor-node- 
metastasis classification does not have prognostic power. Hepatology. 27(6): 1572-7.

Llovet J. M., C. Bru, and J. Bruix. 1999a. Prognosis of hepatocellular carcinoma: the BCLC 
staging classification. Semin Liver Dis. 19(3): 329-38.

Llovet J. M., J. Bustamante, A. Castells, R. Vilana, Md Ayuso, M. Sala, C. Bru, J. Rodes, and 
J. Bruix. 1999b. Natural history of untreated nonsurgical hepatocellular carcinoma: rationale 
for the design and evaluation of therapeutic trials. Hepatology. 29(1): 62-7.

Louha M., J. Nicolet, H. Zylberberg, A. Sabile, C. Vons, G. Vona, K. Poussin, M. Tournebize, 
F. Capron, S. Pol, D. Franco, B. Lacour, C. Brechot, and P. Paterlini-Brechot. 1999. Liver 
resection and needle liver biopsy cause hematogenous dissemination of liver cells. 
Hepatology. 29(3): 879-82.

Lowes K. N., B. A. Brennan, G. C. Yeoh, and J. K. Olynyk. 1999. Oval cell numbers in 
human chronic liver diseases are directly related to disease severity. Am J Pathol. 154(2): 
537-41.

Lukomska B., W. L. Olszewski, T. Ryffa, A. Ziolkowska, and D. Sadowska. 1989. Liver 
sinusoidal blood containing natural killer-like cells. Scand J Immunol. 29(2): 239-46.

Lux S. E. 1996. Hereditary defects in the membrane or metabolism of the red cell. In: 
Bennet JC, Plum F eds. Cecil textbook of medicine. 20th edition. Philadephia, London, 
Toronto, Montreal, Sidney, Tokyo: W.B. Saunders Company.

Lynch H. T., D. A. Katz, P. Bogard, and J. F. Lynch. 1985. Cancer genes, multiple primary 
cancer, and von Hippel-Lindau disease. Cancer Genet Cytogenet. 16(1): 13-9.

Macdonald G. A., J. K. Greenson, K. Saito, S. P. Cherian, H. D. Appelman, and C. R. Boland. 
1998 Microsatellite instability and loss of heterozygosity at DNA mismatch repair gene loci 
occurs during hepatic carcinogenesis. Hepatology. 28(1): 90-7.

Magalotti D., C. Gueli, and M. Zoli. 1998. Transient spontaneous regression of 
hepatocellular carcinoma. Hepatogastroenterology. 45(24): 2369-71.

Mandishona E., A. P. MacPhail, V. R. Gordeuk, M. A. Kedda, A. C. Paterson, T. A. Rouault, 
and M. C. Kew. 1998. Dietary iron overload as a risk factor for hepatocellular carcinoma in 
Black Africans. Hepatology. 27(6): 1563-6.

Mao T. L., J. S. Chu, Y. M. Jeng, P. L. Lai, and H. C. Hsu. 2001. Expression of mutant 
nuclear beta-catenin correlates with non-invasive hepatocellular carcinoma, absence of portal 
vein spread, and good prognosis. J Pathol. 193(1): 95-101.

31



Marchio A . P Pineau M Meddeb, B Terris, P. Tiollais A Bernheim. and A Dejean 2000 
Distinct chromosomal abnormality pattern in primary liver cancer of non-B, non-C patients 
Oncogene 19(33): 3733-8

IVIathew J., J. E. Hines, J. O. Obafunwa, A. W. Burr, K. Toole, and A. D. Burt. 1996. CD44 is 
expressed in hepatocellular carcinomas showing vascular invasion. J Pathol. 179(1): 74-9.

Mazzaferro V., E. Regalia, R. Doci, S. Andreola, A. Pulvirenti, F. Bozzetti, F. Montalto, M. 
Ammatuna, A. Morabito, and L. Gennari. 1996. Liver transplantation for the treatment of 
small hepatocellular carcinomas in patients with cirrhosis. N Engl J Med 334(11 ): 693-9.

McPeake J. R., J. G. O’Grady, S. Zaman, B. Portmann, D. G. Wight, K. C. Tan, R. Y. Caine, 
and R. Williams. 1993. Liver transplantation for primary hepatocellular carcinoma: tumor size 
and number determine outcome. J Hepatol. 18(2): 226-34.

McPherson M. J., Quirke P., and Taylor G. A. eds. PCR A practical approach. IRL Press.

Meloni, T., Forteleoni, G., and Meloni, G. F. Novita' in tema di G6PD. 2001. Internet 
Communication. http://www.rialto.com/favism/fav02Jt.htm

Misawa K., Y. Mata, K. Manabe, S. Matsuoka, M. Saito, J. Takada, and F. Sano. 1999. 
Spontaneous regression of hepatocellular carcinoma. J Gastroenterol 34(3): 410-4.

Mise K., S. Tashiro, S. Yogita, D. Wada, M. Harada, Y. Fukuda, H. Miyake, M. Isikawa, K. 
Izumi, and N. Sano. 1998. Assessment of the biological malignancy of hepatocellular 
carcinoma: relationship to clinicopathological factors and prognosis. Clin Cancer Res 4(6): 
1475-82.

Miura N., I. Horikawa, A. Nishimoto, H. Ohmura, H. Ito, S. Hirohashi, J. W. Shay, and M. 
Oshimura. 1997. Progressive telomere shortening and telomerase reactivation during 
hepatocellular carcinogenesis. Cancer Genet Cytogenet. 93(1): 56-62.

Miyakawa K. 1998. Estimation of cell proliferation in hepatocellular carcinoma and in 
background liver cirrhosis, by using MIB-1 LI. Nippon Shokakibyo Gakkai Zasshi. 95(2) 133- 
9.

Mohan D., K. B. C. Appa Rao, A Dixit, and S Ali. 1995. Assessment of amplicons in the DNA 
from boiled tissue by PCR and AP-PCR amplification. Genet Anal. 12(1): 57-62.

Monvoisin A., V. Neaud, Ledinghen De, V, L. Dubuisson, C. Balabaud, P. Bioulac-Sage, A. 
Desmouliere, and J. Rosenbaum. 1999. Direct evidence that hepatocyte growth factor- 
induced invasion of hepatocellular carcinoma cells is mediated by urokinase. J Hepatol. 
30(3): 511-8.

Mori M., M. Hara, I. Wada, T. Hara, K. Yamamoto, M. Honda, and J. Naramoto. 2000. 
Prospective study of hepatitis B and C viral infections, cigarette smoking, alcohol 
consumption, and other factors associated with hepatocellular carcinoma risk in Japan. Am J 
Epidemiol. 151(2): 131-9.

Nagao T., S. Inoue, S. Goto, T. Mizuta, Y. Omori, N. Kawano, and Y. Morioka. 1987. Hepatic 
resection for hepatocellular carcinoma. Clinical features and long-term prognosis. Ann Surg 
205(1): 33-40.

Nagao M., Y. Nakajima, M. Hisanaga, N. Kayagaki, H. Kanehiro, Y. Aomatsu, S. Ko, H. 
Yagita, T. Yamada, K. Okumura, and H. Nakano. 1999. The alteration of Fas receptor and

312

http://www.rialto.com/favism/fav02Jt.htm


ligand system in hepatocellular carcinomas: how do hepatoma cells escape from the host 
immune surveillance in vivo? Hepatology 30(2): 413-21.

Nagasue N., M. Uchida, Y. Makino, Y. Takemoto, A. Yamanoi, T. Hayashi, Y C. Chang, H 
Kohno, T. Nakamura, and H. Yukaya. 1993 Incidence and factors associated with 
intrahepatic recurrence following resection of hepatocellular carcinoma. Gastroenterology. 
105(2): 488-94.

Nagasue N., T. Ono, A. Yamanoi, H. Kohno, O. N. El-Assal, H. Taniura, and M. Uchida.
2001. Prognostic factors and survival after hepatic resection for hepatocellular carcinoma 
without cirrhosis. BrJ Surg 88(4): 515-22.

Nagorney D. M., J. A. van Heerden, D. M. Ilstrup, and M. A. Adson. 1989. Primary hepatic 
malignancy: surgical management and determinants of survival. Surgery. 106(4): 740-8.

Naka T., N. Toyota, T. Kaneko, and N. Kaibara. 1998. Protein expression of p53, p21WAF1, 
and Rb as prognostic indicators in patients with surgically treated hepatocellular carcinoma. 
Anticancer Res. 18(1B): 555-64.

Nakajima K., A. Sakurai, M. Katai, H. Yajima, J. Mori, M. Katakura, S. Tsuchiya, and K. 
Hashizume. 2000. Chromogranin A expression in hepatocellular carcinoma in a patient with 
germline MEN1 gene mutation. Intern Med. 39(1): 20-4.

Nakashima T., K. Okuda, M. Kojiro, A. Jimi, R. Yamaguchi, K. Sakamoto, and T. Ikari. 1983. 
Pathology of hepatocellular carcinoma in Japan. 232 Consecutive cases autopsied in ten 
years. Cancer. 51(5): 863-77.

Nakashima Y., 0. 0. Hsia, H. Yuwen, M. Minemura, O. Nakashima, M. Kojiro, and E. Tabor. 
1998. p53 overexpression in small hepatocellular carcinomas containing two different
histologic grades. Int J Oncol. 12(2): 455-9.

Nakashima Y., O. Nakashima, 0. 0. Hsia, M. Kojiro, and E. Tabor. 1999. Vascularization of 
small hepatocellular carcinomas: correlation with differentiation. Liver. 19(1): 12-8.

Nakashio R., M. Kitamoto, H. Tahara, T. Nakanishi, T. Ide, and G. Kajiyama. 1997. 
Significance of telomerase activity in the diagnosis of small differentiated hepatocellular 
carcinoma. Int J Cancer. 74(2): 141-7.

Navarro P., P. Taourel, J. Michel, P. Perney, J. M. Fabre, F. Blanc, and J. Domergue. 1998. 
Diaphragmatic and subcutaneous seeding of hepatocellular carcinoma following fine-needle 
aspiration biopsy. Liver. 18(4): 251-4.

Ndimbie O. K., Z D. Goodman, R. L. Chase, C. K. Ma, and M. W. Lee. 1990. Hemangiomas 
with localized nodular proliferation of the liver. A suggestion on the pathogenesis of focal 
nodular hyperplasia. Am J Surg Pathol. 14(2): 142-50.

Neaud V., S. Faouzi, J. Guirouilh, B. Le Bail, C. Balabaud, P. Bioulac-Sage, and J. 
Rosenbaum. 1997. Human hepatic myofibroblasts increase invasiveness of hepatocellular 
carcinoma cells: evidence for a role of hepatocyte growth factor. Hepatology. 26(6): 1458- 
66 .

Neuberger J., D. Forman, R. Doll, and R. Williams. 1986. Oral contraceptives and 
hepatocellular carcinoma. Br Med J (Clin Res Ed). 292(6532): 1355-7.

313



Newham A P K Krieger, I P Maly, and D Sasse 1991 Changes in activity and intra- 
acinar distribution of glucose-6-phosphate dehydrogenase and malic enzyme during 
pregnancy in rat liver Histochemistry. 95(4): 365-71

Ng I. O., L. P. Chung, S. W. Tsang, C. L. Lam, E. C. Lai, S. T. Fan, and M. Ng. 1994. p53 
gene mutation spectrum in hepatocellular carcinomas in Hong Kong Chinese. Oncogene. 
9(3): 985-90.

Ng I. O., E. C. Lai, A. S. Chan, and M. K. So. 1995a. Overexpression of p53 in 
hepatocellular carcinomas: a clinicopathological and prognostic correlation. J Gastroenterol 
Hepatol. 10(3): 250-5.

Ng I. O., E. C. Lai, S. T. Fan, M. M. Ng, and M. K. So. 1995b. Prognostic significance of 
pathologic features of hepatocellular carcinoma. A multivariate analysis of 278 patients. 
Cancer. 76(12): 2443-8.

Ng I. O., J. Na, E. C. Lai, S. T. Fan, and M. Ng. 1995c. Ki-67 antigen expression in 
hepatocellular carcinoma using monoclonal antibody MIB1. A comparison with proliferating 
cell nuclear antigen. Am J Clin Pathol. 104(3): 313-8.

Nguyen B. N., J. F. Flejou, B. Terris, J. Belghiti, and C. Degott. 1999. Focal nodular 
hyperplasia of the liver: a comprehensive pathologic study of 305 lesions and recognition of 
new histologic forms. Am J Surg Pathol. 23(12): 1441-54.

Nhieu J. T., C. A. Renard, Y. Wei, D. Cherqui, E. S. Zafrani, and M. A. Buendia. 1999. 
Nuclear accumulation of mutated beta-catenin in hepatocellular carcinoma is associated with 
increased cell proliferation. Am J Pathol. 155(3): 703-10.

Nouso K., Y. Urabe, T. Higashi, H. Nakatsukasa, N. Hino, K. Ashida, N. Kinugasa, K. 
Yoshida, S. Uematsu, and T. Tsuji. 1996. Telomerase as a tool for the differential diagnosis 
of human hepatocellular carcinoma. Cancer. 78(2): 232-6.

Nowell P. C. 1976. The clonal evolution of tumour cell populations. Science. 194(4260): 23-

Nzeako U. C., Z. D. Goodman, and K. G. Ishak. 1996. Hepatocellular carcinoma in cirrhotic 
and noncirrhotic livers. A clinico-histopathologic study of 804 North American patients. Am J 
Clin Pathol. 105(1): 65-75.

Ochiai T., Y. Urata, T. Yamano, H. Yamagishi, and T. Ashihara. 2000. Clonal expansion in 
evolution of chronic hepatitis to hepatocellular carcinoma as seen at an X-chromosome locus. 
Hepatology. 31(3): 615-21.

Ohashi K., M. Tsutsumi, Y. Nakajima, K. Kobitsu, H. Nakano, and Y. Konishi. 1996. 
Telomere changes in human hepatocellular carcinomas and hepatitis virus infected 
noncancerous livers. Cancer. 77 (8 SuppI): 1747-51.

Ohba K., K. Omagari, T. Nakamura, N. Ikuno, S. Saeki, I. Matsuo, H. Kinoshita, J. Masuda, H. 
Hazama, I. Sakamoto, and S. Kohno. 1998. Abscopal regression of hepatocellular 
carcinoma after radiotherapy for bone metastasis. Gut. 43(4): 575-7.

Ohta K., T. Kanamaru, Y. Morita, Y. Hayashi, H. Ito, and M. Yamamoto. 1997. Telomerase 
activity in hepatocellular carcinoma as a predictor of postoperative recurrence. J 
Gastroenterol. 32(6): 791-6.

314



Ojanguren I E Castella, A Ariza, J. Santos, R Planas, and M. Bmguera 1997 Liver cell 
atypias; a comparative study in cirrhosis with and without hepatocellular carcinoma 
Histopathology 30(2): 106-12.

Okabe H., I. Ikai, K. Matsuo, S. Satoh, H. Momoi, T. Kamikawa, N. Katsura, R. Nishitai, O. 
Takeyama, M. Fukumoto, and Y. Yamaoka. 2000. Comprehensive allelotype study of 
hepatocellular carcinoma: potential differences in pathways to hepatocellular carcinoma 
between hepatitis B virus-positive and -negative tumors. Hepatology. 31(5): 1073-9.

Okabe H., 8. Satoh, T. Kato, O. Kitahara, R. Yanagawa, Y. Yamaoka, T. Tsunoda, Y. 
Furukawa, and Y. Nakamura. 2001. Genome-wide analysis of gene expression in human 
hepatocellular carcinomas using cDNA microarray: identification of genes involved in viral 
carcinogenesis and tumor progression. Cancer Res. 61(5): 2129-37.

Okamoto H., F. Takano, T. Sugao, K. Kage, F. Okamoto, N. Nishimura, K. Ueda. 1999. 
Direct amplification of Escherichia coli 0157 vero toxin genes from human faeces by the 
polymerase chain reaction. Ann Clin Biochem. 36(Pt 5): 642-8.

Okazaki N., M. Yoshino, T. Yoshida, M. Suzuki, N. Moriyama, K. Takayasu, M. Makuuchi, S. 
Yamazaki, H. Hasegawa, and M. Noguchi. 1989. Evaluation of the prognosis for small 
hepatocellular carcinoma based on tumor volume doubling time. A preliminary report. Cancer 
63(11): 2207-10.

Okazaki T., J. Takita, T. Kohno, H. Manda, and J. Yokota. 1996. Detection of amplified 
genomic sequences in human small-cell lung carcinoma cells by arbitrarily primed-PGR 
genomic fingerprinting. Hum Genet. 98(3): 253-8.

Okuda K., H. Musha, Y. Nakajima, Y. Kubo, Y. Shimokawa, Y. Nagasaki, Y. Sawa, S. 
Jinnouchi, T. Kaneko, H. Obata, T. Hisamitsu, Y. Motoike, N. Okazaki, M. Kojiro, K. 
Sakamoto, and T. Nakashima. 1977. Clinicopathologic features of encapsulated 
hepatocellular carcinoma: a study of 26 cases. Cancer. 40(3): 1240-5.

Okuda K, T. Ohtsuki, H. Obata, M. Tomimatsu, N. Okazaki, H. Hasegawa, Y. Nakajima, K. 
Ohnishi. 1985. Natural history of hepatocellular carcinoma and prognosis in relation to 
treatment: study of 850 patients. Cancer. 56(4): 918-28.

Okuda K., T. Nakashima, M. Kojiro, Y. Kondo, and K. Wada. 1989. Hepatocellular 
carcinoma without cirrhosis in Japanese patients. Gastroenterology. 97(1): 140-6.

Okuda K. 2000. Hepatocellular carcinoma. J Hepatol. 32(1 SuppI): 225-37.

Oluboyede O. A., G. J. Fsan, I .  I. Francis, and L. Luzzatto. 1979. Genetically determined 
deficiency of glucose 6-phosphate dehydrogenase (type-A-) is expressed in the liver. J Lab 
Clin Med. 93(5): 783-9.

Overturf K., M. Al-Dhalimy, C. N. Ou, M. Finegold, and M. Grompe. 1997. Serial 
transplantation reveals the stem-cell-like regenerative potential of adult mouse hepatocytes. 
Am J Pathol. 151(5): 1273-80.

Ozturk M. 1999. Genetic aspects of hepatocellular carcinogenesis. Semin Liver Dis. 19(3): 
235-42.

Paradis V., A. Laurent, J. F. Flejou, M. Vidaud, and P. Bedossa. 1997 Evidence for the 
polyclonal nature of focal nodular hyperplasia of the liver by the study of X-chromosome 
inactivation. Hepatology. 26(4): 891-5.

315



Paradis V., I Laurendeau. M Vidaud, and P Bedossa 1998 Clonal analysis of 
macronodules in cirrhosis. Hepatology 28(4): 953-8.

Paradis V., D. Dargere, F. Bonvoust, L. Rubbia-Brandt, N Ba, P. Bioulac-Sage, and P 
Bedossa. 2000. Clonal analysis of micronodules in virus C-induced liver cirrhosis using laser 
capture microdissection (LCM) and HUMARA assay. Lab Invest. 80(10); 1553-9.

Park B. C., M. H. Huh, and J. H. Seo. 1995. Differential expression of transforming growth 
factor alpha and insulin-like growth factor II in chronic active hepatitis B, cirrhosis and 
hepatocellular carcinoma. J Hepatol. 22(3): 286-94.

Park Y. M., J. Y. Choi, B. H. Byun, C. H. Cho, H. S. Kim, and B. S. Kim. 1998. Telomerase is 
strongly activated in hepatocellular carcinoma but not in chronic hepatitis and cirrhosis. Exp 
Mol Med. 30(1): 35-40.

Park Y. M., J. Y. Choi, S. H. Bae, B. H. Byun, B. M. Ahn, B. S. Kim, and D. Y. Shin. 2000. 
Microsatellite instability and mutations of E2F-4 in hepatocellular carcinoma from Korea. 
Hepatol Res. 17(2): 102-11.

Peng S. Y., S. P. Chou, and H. C. Hsu. 1998. Association of downregulation of cyclin DI 
and of overexpression of cyclin E with p53 mutation, high tumor grade and poor prognosis in 
hepatocellular carcinoma. J Hepatol. 29(2): 281-9.

Pérou C. M., S. S. Jeffrey, M. van de Rijn, C. A. Rees, M. B. Eisen, D. T. Ross, A. 
Pergamenschikov, C. F. Williams, S. X. Zhu, J. C. Lee, D. Lashkari, D. Shalon, P. O. Brown, 
and D. Botstein. 1999. Distinctive gene expression patterns in human mammary epithelial 
cells and breast cancers. Proc Natl Acad Sci USA. 96(16): 9212-7.

Perucho M. 1996. Cancer of the microsatellite mutator phenotype. Biol Chem. 377(11): 
675-84.

Peters RL. Pathology of hepatocellular carcinoma. In: Okuda, K., Peters, R.L. eds. 
Hepatocellular Carcinoma. Wiley series on diseases of the liver. John Wiley and Sons, New 
York, London, Sidney, Toronto.

Petersen B. E., W. C. Bowen, K. D. Patrene, W. M. Mars, A. K. Sullivan, N. Murase, S. S. 
Boggs, J. S. Greenberger, and J. P. Goff. 1999. Bone marrow as a potential source of 
hepatic oval cells. Science. 284(5417): 1168-70.

Piao Z., Y. N. Park, H. Kim, and C. Park. 1997. Clonality of large regenerative nodules in 
liver cirrhosis. Liver. 17(5): 251-6.

Piao Z., H. Kim, S. Malkhosyan, and C. Park. 2000. Frequent chromosomal instability but no 
microsatellite instability in hepatocellular carcinomas. Int J Oncol. 17(3): 507-12.

Pineau P. and M. A. Buendia. 2000. Studies of genetic defects in hepatocellular carcinoma: 
recent outcomes and new challenges. J Hepatol. 33(1): 152-6.

Pitot H. C. 2001. Pathways of progression in hepatocarcinogenesis. Lancet. 358(9285): 
859-60.

Preus H. R., V. I. Haraszthy, J. J. Zambon, and R. J. Genco. 1993. Differentiation of strains 
of Actinobacillus actinomycetemcomitans by arbitrarly primed polymerase chain reaction. J 
Clin Microbiol 31(10): 2773-6.

316



Quaglia A, N Prasad. P Nozza A Grasso, SE Davies, AK Burroughs, and AP Dhillon 2000 
Focal Nodular Hyperplasia-like areas in cirrhosis J Hepatol. (SuppI 2): 158.

Quaglia A, S Bhattacharjya, and AP Dhillon. 2001. Limitations of the histopathological 
diagnosis and prognostic assessment of hepatocellular carcinoma. Histopathology. 38(2): 
167-74.

Racine-Samson L, J. Y. Scoazec, A. D'Errico, M. Fiorentino, L. Christa, A. Moreau, 0. Roda, 
W. F. Grigioni, and G. Feldman. 1996. The metabolic organization of the adult human liver; a 
comparative study of normal, fibrotic, and cirrhotic liver tissue. Hepatology. 24(1): 104-13.

Rao U. N., S. M. Gollin, S. Beaves, K. Cieply, M. Nalesnik, and G. K. Michalopoulos. 2001. 
Comparative genomic hybridization of hepatocellular carcinoma: Correlation with
fluorescence in situ hybridization in paraffin-embedded tissue. Mol Diagn. 6(1): 27-37.

Rapaccini G. L., M. Pompili, E. Caturelli, M. Anti, A. Aliotta, A. Cedrone, E. Amadei, A. 
Grattagliano, M. M. Squillante, and C. Rabitti. 1990. Focal ultrasound lesions in liver 
cirrhosis diagnosed as regenerating nodules by fine-needle biopsy. Follow-up of 12 cases. 
Dig Dis Soi. 35(4): 422-7.

Rapallo M., A. M. Zulato, and G. Matzeu. 2000. Frequenze del deficit di G6PD nel Sarcidano 
e nella Barbagia di Seulo e ricoveri per favismo nell'ospedale di Isili. Uno studio di 
epidemiologia descrittiva. Epidemiologia in Sardegna. 45-54. 
(http://www.regione.sardegna.it).

Rhim J. A., E. P. Sandgren, J. L. Degen, R. D. Palmiter, and R. L. Brinster. 1994. 
Replacement of diseased mouse liver by hepatic cell transplantation. Science. 263(5150): 
1149-52.

Ringe B., R. Pichlmayr, C. Wittekind, and G. Tusch. 1991. Surgical treatment of 
hepatocellular carcinoma: experience with liver resection and transplantation in 198 patients. 
World J Surg. 15(2): 270-85.

Riordan SM and R Williams. 2000. Acute liver failure: targeted artificial and hepatocyte- 
based support of liver regeneration and reversal of multiorgan failure. J Hepatol. 32 ( 
SuppI.1): 63-76.

Rivas M. J., S. Arii, M. Furutani, T. Harada, M. Mizumoto, H. Nishiyama, J. Fujita, and M. 
Imamura. 1998. Expression of human macrophage metalloelastase gene in hepatocellular 
carcinoma: correlation with angiostatin generation and its clinical significance. Hepatology. 
28(4): 986-93.

Roncalli M., P. Bianchi, G. C. Grimaldi, D. Ricci, L. Laghi, M. Maggioni, E. Opocher, M. 
Borzio, and G. Coggi. 2000. Fractional allelic loss in non-end-stage cirrhosis: correlations 
with hepatocellular carcinoma development during follow-up. Hepatology. 31(4): 846-50.

Roskams T., R. De Vos, and V. Desmet. 1996. 'Undifferentiated progenitor cells' in focal 
nodular hyperplasia. Histopathology. 28(4): 291-9.

Roskams T., L. Libbrecht, B. Van Damme, and V. Desmet. 2000. Fas and Fas ligand: strong 
co-expression in human hepatocytes surrounding hepatocellular carcinoma; can cancer 
induce suicide in peritumoural cells? J Pathol. 191(2): 150-3.

Russo P. A., G. A. Mitchell, and R. M. Tanguay. 2001. Tyrosinemia: a review. Pediatr Dev 
Pathol. 4(3): 212-21.

317

http://www.regione.sardegna.it


Salvucci M , A Lemoine, D Azoulay, M Sebagh H Bismuth, M Reyns, E. May and B 
Debuire 1996. Frequent microsatellite instability in post hepatitis B viral cirrhosis 
Oncogene. 13(12) 2681-5

Salvucci M., A. Lemoine, R. Saffroy, D. Azoulay, B. Lepere, S. Gaillard, H. Bismuth, M. 
Reynes, and B. Debuire. 1999. Microsatellite instability in European hepatocellular
carcinoma. Oncogene. 18(1): 181-7.

Sambrook J., E. Fritsch, and T. Maniatis. Molecular Cloning: A Laboratory Manual. Second 
edition. New York, USA: Cold Spring Harbor Laboratory Press.

Santoni-Rugiu E., M. R. Jensen, and S. S. Thorgeirsson. 1998. Disruption of the pRb/E2F 
pathway and inhibition of apoptosis are major oncogenic events in liver constitutively 
expressing c-myc and transforming growth factor alpha. Cancer Res. 58(1): 123-34.

Saurin J. C., P. Taniere, F. Mion, P. Jacob, C. Partensky, P. Paliard, and F. Berger. 1997. 
Primary hepatocellular carcinoma in workers exposed to vinyl chloride: a report of two cases. 
Cancer. 79(9): 1671-7.

Schafer D. F. and M. F. Sorrell. 1999. Hepatocellular carcinoma. Lancet. 353(9160): 1253- 
7.

Schena M., D. Shalon, R. W. Davis, and P. O. Brown. 1995. Quantitative monitoring of gene 
expression patterns with a complementary DNA microarray. Science. 270(5235): 467-70.

Schena M., D. Shalon, R. Heller, A. Chai, P. O. Brown, and R. W. Davis. 1996. Parallel 
human genome analysis: microarray-based expression monitoring of 1000 genes. Proc Natl 
Acad Sci USA. 93(20): 10614-9.

Scheuer PJ. 1996. Scoring of liver biopsies: are we doing it right? Eur J Gastroenterol 
Hepatol. 8(12): 1141-3.

Schirmacher P., W. A. Held, D. Yang, F. V. Chisari, Y. Rustum, and C. E. Rogler. 1992. 
Reactivation of insulin-like growth factor II during hepatocarcinogenesis in transgenic mice 
suggests a role in malignant growth. Cancer Res. 52(9): 2549-56.

Schlegel J., T. Vogt, K. Munkel, and J. Ruschoff. 1996. DNA fingerprinting of mammalian 
cell lines using nonradioactive arbitrarily primed PCR (AP-PCR). Biotechniques. 20(2): 178- 
80.

Schlitt H. J., M. Neipp, A. Weimann, K. J. Oldhafer, E. Schmoll, K. Boeker, B. Nashan, S. 
Kubicka, H. Maschek, G. Tusch, R. Raab, B. Ringe, M. P. Manns, and R. Pichlmayr. 1999. 
Recurrence patterns of hepatocellular and fibrolamellar carcinoma after liver transplantation. 
J Clin Oncol. 17(1): 324-31.

Schutze K. and A. Clement-Sengewald. 1994. Catch and move: cut or fuse. Nature. 
368(6472): 667-9.

Sell S. 1998. Comparison of liver progenitor cells in human atypical ductular reactions with 
those seen in experimental models of liver injury. Hepatology. 27(2): 317-31.

Sell S. 2001. Heterogeneity and plasticity of hepatocyte lineage cells. Hepatology. 33(3): 
738-50.

318



Sheer D 1997 Chromosomes and cancer In: Franks LM, Teich NM. eds. Cellular and 
Moleculai Biology of Cancer. Third edition Oxford, New York, Tokyo: Oxford University 
Press

Sherlock S and J Dooley. Hepatic Tumours. In: Sherlock S and J Dooley. Diseases of the 
Liver and Biliary System. Tenth edition. Oxford: Blackwell Science.

Sherlock S., C. A. Feldman, B. Moran, and P. J. Scheuer. 1966. Partial nodular 
transformation of the liver with portal hypertension. Am J Med. 40(2): 195-203.

Sherman M. 1999. Screening for hepatocellular carcinoma. Baillieres Best Pract Res Clin 
Gastroenterol. 13(4): 623-35.

Sherman M. 2001. Alphafetoprotein:an obituary. J Hepatol. 34(3): 603-5.

Sheu J. C., J. L. Sung, D. S. Chen, P. M. Yang, M. Y. Lai, 0. S. Lee, H. C. Hsu, C. N. 
Chuang, P. 0. Yang, and T. H. Wang. 1985. Growth rate of asymptomatic hepatocellular 
carcinoma and its clinical implications. Gastroenterology. 89(2): 259-66.

Sheu J. 0., Y. W. Lin, H. C. Chou, G. T. Huang, H. S. Lee, Y. H. Lin, S. Y. Huang, C. H.
Chen, J. T. Wang, P. H. Lee, J. T. Lin, F. J. Lu, and D. S. Chen. 1999 Loss of
heterozygosity and microsatellite instability in hepatocellular carcinoma in Taiwan. Br J 
Cancer. 80(3-4): 468-76.

Shibata D., D. Hawes, Z. H. Li, A. M. Hernandez, C. H. Spruck, and P. W. Nichols. 1992. 
Specific genetic analysis of microscopic tissue after selective ultraviolet radioation 
fractonation and the polymerase chain reaction. Am J Pathol. 141(3): 539-43.

Shibata M., T. Morizane, T. Uchida, T. Yamagami, Y. Onozuka, M. Nakano, K. Mitamura, and 
Y. Ueno. 1998. Irregular regeneration of hepatocytes and risk of hepatocellular carcinoma in 
chronic hepatitis and cirrhosis with hepatitis-C-virus infection. Lancet. 351(9118): 1773-7.

Shimada M., H. Hasegawa, T. Gion, T. Utsunomiya, K. Shirabe, K. Takenaka, T. Otsuka, Y. 
Maehara, and K. Sugimachi. 2000. The role of telomerase activity in hepatocellular
carcinoma. Am J Gastroenterol. 95(3): 748-52.

Shimoyama Y. and S. Hirohashi. 1991. Cadherin intercellular adhesion molecule in 
hepatocellular carcinomas: loss of E-cadherin expression in an undifferentiated carcinoma. 
Cancer Lett. 57(2): 131-5.

Shiota K., J. Taguchi, O. Nakashima, M. Nakashima, and M. Kojiro. 2001. Clinicopathologic 
study on cholangiolocellular carcinoma. Oncol Rep. 8(2): 263-8.

Sirivatanauksorn Y. 1999a. Clonal Analysis in Hepatocellular Carcinoma. Ph.D. Thesis. 
University Department of Surgery, Royal Free Hospital, Royal Free and University College 
Medical School, University College London.

Sirivatanauksorn Y., V. Sirivatanauksorn, S Bhattacharjya, B. R. Davidson, A. P. Dhillon, A. K. 
Kakkar, R. C. Williamson, and N. R. Lemoine. 1999b. Evolution of genetic abnormalities in 
hepatocellular carcinomas demonstrated by DNA fingerprinting. J Pathol. 189(3): 344-50

Sirivatanauksorn Y., V. Sirivatanauksorn, S. Bhattacharya, B. R. Davidson, A. P. Dhillon, A. 
K. Kakkar, R. C. Williamson, and N. R. Lemoine. 1999c. Genomic heterogeneity in 
synchronous hepatocellular carcinomas. Gut. 45(5): 761-5.

319



Sirivatanauksorn Y., V. Sirivatanauksorn, N R Lemoine, R C Williamson and B R
Davidson 2001 Genomic homogeneity in fibrolamellar carcinomas Gut 49(1) 82-6

Slagle B. L., Y. Z Zhou, W. Birchmeier, and K. A, Scorsone. 1993. Deletion of the E- 
cadherin gene in hepatitis B virus-positive Chinese hepatocellular carcinomas. Hepatology. 
18(4); 757-62.

Smalley S. R., 0. G. Moertel, J. F. Hilton, L. H. Weiland, H. S. Weiand, M. A. Adson, L. J. 
Melton, and K. Batts. 1988. Hepatoma in the noncirrhotic liver. Cancer. 62(7): 1414-24.

Soini Y., N. Virkajarvi, V. P. Lehto, and P. Paakko. 1996. Hepatocellular carcinomas with a
high proliferation index and a low degree of apoptosis and necrosis are associated with a
shortened survival. B rJ Cancer. 73(9): 1025-30.

Sood A. K. and R. E. Buller. 1996. Genomic instability in ovarian cancer: a reassessment 
using an arbitrarily primed polymerase chain reaction. Oncogene. 13(11): 2499-504.

Stoelben E., M. Koch, S. Hanke, A. Lossnitzer, H. J. Gaertner, K. U. Schentke, A. Bunk, and 
H. D. Saeger. 1998. Spontaneous regression of hepatocellular carcinoma confirmed by 
surgical specimen: report of two cases and review of the literature. Langenbecks Arch Surg. 
383(6): 447-52.

Su Q., 0. H. Schroder, G. Otto, and P. Bannasch. 2000. Overexpression of p53 protein is 
not directly related to hepatitis B x protein expression and is associated with neoplastic 
progression in hepatocellular carcinomas rather than hepatic preneoplasia. Mutat Res. 
462(2-3): 365-80.

Suda T., O. Isokawa, Y. Aoyagi, M. Nomoto, K. Tsukada, I .  Shimizu, Y. Suzuki, A. Naito, H. 
Igarashi, M. Yanagi, T. Takahashi, and H. Asakura. 1998. Quantitation of telomerase activity 
in hepatocellular carcinoma: a possible aid for a prediction of recurrent diseases in the 
remnant liver. Hepatology. 27(2): 402-6.

Sue S. R., R. S. Chari, F. M. Kong, J. J. Mills, R. L. Fine, R. L. Jirtle, and W. 0. Meyers. 
1995. Transforming growth factor-beta receptors and mannose 6-phosphate/insulin-like 
growth factor-11 receptor expression in human hepatocellular carcinoma. Ann Surg. 222(2): 
171-8.

Sugihara S., O. Nakashima, K. Kiyomatsu, M. Ijiri, O. Edamitsu, and M. Kojiro. 1990. A case 
of liver cirrhosis with a hyperplastic nodular lesion. Acta Pathol Jpn. 40(9): 699-703.

Sun M., J. Eshleman, ID  Ferrel, G. Jacobs, E. 0. Sudilovski, R. Tuthill, M. R. Hussein, and O. 
Sudilovski. 2001. An early lesion in hepatic carcinogenesis: loss of heterozygosity in human 
cirrhotic livers and dysplastic nodules at the 1 p36-p34 region. Hepatology. 33(6): 1415-24.

Suzuki A., M. Hayashida, H. Kawano, K. Sugimoto, T. Nakano, and K. Shiraki. 2000. 
Hepatocyte growth factor promotes cell survival from fas-mediated cell death in hepatocellular 
carcinoma cells via Akt activation and Fas-death-inducing signaling complex suppression. 
Hepatology. 32(4 Pt 1): 796-802.

Tahara H., T. Nakanishi, M. Kitamoto, R. Nakashio, J. W. Shay, E. Tahara, G. Kajiyama, and 
T. Ide. 1995. Telomerase activity in human liver tissues: comparison between chronic liver 
disease and hepatocellular carcinomas. Cancer Res. 55(13): 2734-6.

320



Takagi K , M Esumi, S Takano, and S Iwai 1998 Replication error frequencies in primary 
hepatocellular carcinoma; a comparison of solitary primary versus multiple primary cancers 
Liver 18(4); 272-6,

Takayama T., M. Makuuchi, S. Hirohashi, M. Sakamoto, N. Okazaki, K Takayasu, T. Kosuge, 
Y. Motoo, S. Yamazaki, and H. Hasegawa. 1990. Malignant transformation of adenomatous 
hyperplasia to hepatocellular carcinoma. Lancet 336(8724): 1150-3.

Takehara T., X. Liu, J. Fujimoto, S. L. Friedman, and H. Takahashi. 2001. Expression and 
role of Bcl-xL in human hepatocellular carcinomas. Hepatology. 34(1): 55-61.

Tanaka M. and 1. R. Wanless. 1998. Pathology of the liver in Budd-Chiari syndrome: portal 
vein thrombosis and the histogenesis of veno-centric cirrhosis, veno-portal cirrhosis, and 
large regenerative nodules. Hepatology. 27(2): 488-96.

Tang Z. Y., Y. Q. Yu, X. D. Zhou, Z. C. Ma, R. Yang, J. Z. Lu, Z. Y. Lin, and B. H. Yang. 
1989 Surgery of small hepatocellular carcinoma. Analysis of 144 cases. Cancer 64(2): 
536-41.

Tannapfel A., F. Geissler, F. Kockerling, A. Katalinic, J. Hauss, and C. Wittekind. 1999a. 
Apoptosis and proliferation in relation to histopathological variables and prognosis in 
hepatocellular carcinoma. J Pathol. 187(4): 439-45.

Tannapfel A., M. Wasner, K. Krause, F. Geissler, A. Katalinic, J. Hauss, J. Mossner, K. 
Engeland, and C. Wittekind. 1999b. Expression of p73 and its relation to histopathology and 
prognosis in hepatocellular carcinoma. J Natl Cancer Inst. 91(13): 1154-8.

Taylor-Robinson S. D., G. R. Foster, S. Arora, S. Hargreaves, and H. 0. Thomas. 1997. 
Increase in primary liver cancer in the UK, 1979-94. Lancet. 350(9085): 1142-3.

Taylor-Robinson S. D., H. 0. Thomas, S. Arora, and S. Hargreaves. 1999. Increased 
mortality from liver cancer in England and Wales is not related to hepatitis C. BMJ. 
319(7210): 640

Teeguarden J. G., M. A. Newton, Y. P. Dragan, and H. 0. Pitot. 2000. Genome-wide loss of 
heterozygosity analysis of chemically induced rat hepatocellular carcinomas reveals elevated 
frequency of allelic imbalances on chromosomes 1, 6, 8, 11, 15, 17, and 20. Mol Carcinog. 
28(1): 51-61.

Teich NM. Oncogenes and cancer. In: Franks LM, Teich NM eds. Cellular and Molecular 
Biology of Cancer. Third edition. Oxford, New York, Tokyo: Oxford University Press. 169- 
201 .

Tennant R, C Wig ley, and A Balmain. Chemicals carcinogenesis. In Franks LM, Teich NM 
eds. Cellular and Molecular Biology of Cancer. Third edition. Oxford, New York, Tokyo: 
Oxford University Press.

Terada T., S. Kitani, K. Ueda, Y. Nakanuma, K. Kitagawa, and S. Masuda. 1993. 
Adenomatous hyperplasia of the liver resembling focal nodular hyperplasia in patients with 
chronic liver disease. Virchows Arch A Pathol Anat Histopathol. 422(3): 247-52.

Terasaki S., S. Kaneko, K. Kobayashi, A. Nonomura, and Y. Nakanuma. 1998. Histological 
features predicting malignant transformation of nonmalignant hepatocellular nodules: a 
prospective study. Gastroenterology. 115(5): 1216-22.

321



Terris B P Pineau, L. Bregeaud. D Valla, J Belghiti, P. Tiollais, C Degott. and A Dejean 
1999 Close correlation between beta-catenin gene alterations and nuclear accumulation of 
the protein in human hepatocellular carcinomas Oncogene. 18(47): 6583-8.

Theise N. D, 1995. Macroregenerative (dysplastic) nodules and hepatocarcinogenesis: 
theoretical and clinical considerations. Semin Liver Dis. 15(4): 360-71.

Theise N. R. Saxena, B. C. Portmann, S. N. Thung, H. Yee, L. Chiriboga, A. Kumar, and
J. M. Crawford. 1999 The canals of Hering and hepatic stem cells in humans. Hepatology. 
30(6): 1425-33.

Theise N. S. Badve, R. Saxena, O. Henegariu, S. Sell, J. M. Crawford, and D. S. Krause.
2000a. Derivation of hepatocytes from bone marrow cells in mice after radiation-induced 
myeloablation. Hepatology. 31(1): 235-40.

Theise N. D., M. Nimmakayalu, R. Gardner, P. B. Illei, G. Morgan, L Teperman, O. 
Henegariu, and D. S. Krause. 2000b. Liver from bone marrow in humans. Hepatology. 
32(1) 11-6.

Theuerkauf I., H Zhou, and H. P. Fisher. 2001 Immunohistochemical patterns of human liver 
sinusoids under different conditions of pathologic perfusion. Virchows Arch. 438(5): 498-504.

Thomas G. A., D. Williams, and E. D. Williams. 1988. The demonstration of tissue clonality 
by X-linked enzyme histochemistry. J Pathol. 155(2): 101-8.

Tiribelli C., M. Melato, L. S. Croce, L. Giarelli, K. Okuda, and K. Ohnishi. 1989. Prevalence 
of hepatocellular carcinoma and relation to cirrhosis: comparison of two different cities of the 
world-Trieste, Italy, and Chiba, Japan. Hepatology. 10(6): 998-1002.

Torimura T., M. Sata, T. Ueno, M. Kin, R. Tsuji, K. Suzaku, O. Hashimoto, H. Sugawara, and 
K. Tanikawa. 1998. Increased expression of vascular endothelial growth factor is associated 
with tumor progression in hepatocellular carcinoma. Hum Pathol. 29(9): 986-91.

Toyama W. M. and S. Wagner. 1990. Hepatoblastoma with familial polyposis coli: another 
case and corrected pedigree. Surgery. 108(1): 123-4.

Trevisani F, PE D'Intino, AM Morselli-Labate, G Mazzella, E Accogli, P Caraceni, M 
Domenicali, S De Notariis, E Roda, and M Bernardi. 2001. Serum alpha-fetoprotein for 
diagnosis of hepatocellular carcinoma in patients with chronic liver disease: influence of 
HBsAg and anti-HCV status. J Hepatol. 34(4): 570-5.

Tsopanomichalou M., E. Kouroumalis, M. Ergazaki, and D. A. Spandidos. 1999. Loss of 
heterozygosity and microsatellite instability in human non-neoplastic hepatic lesions. Liver. 
19(4): 305-11.

Tsuda H., S. Hirohashi, Y. Shimosato, M. Terada, and H. Hasegawa. 1988. Clonal origin of 
atypical adenomatous hyperplasia of the liver and clonal identity with hepatocellular 
carcinoma. Gastroenterology. 95(6): 1664-6.

Tsui W. M. S. and K. T. So. 1993. Partial nodular transformation of liver in a child. 
Histopathology. 22(6): 594-6.

Turbett G. R., T. C. Barnett, E. K. Dillon, and L. N. Sellner. 1996. Single-tube protocol for the 
extraction of DNA or RNA from paraffin-embedded tissues using a starch-based adhesive. 
Biotechniques. 20(5): 846-51.

322



Ueda H S. J Ullrich J D Gangemi, C A Kappel, L. Ngo. M A. Feitelson, and G. Jay
1995. Functional inactivation but not structural mutation of p53 causes liver cancer Nat 
Genet 9(1) 41 /'

Ueki T., J. Fujimoto, T. Suzuki, H. Yamamoto, and E. Okamoto. 1997. Expression of 
hepatocyte growth factor and its receptor, the c-met proto-oncogene, in hepatocellular 
carcinoma. Hepatology. 25(4): 862-6.

Ueno Y., S. Nagata, T. Tsutsumi, A. Hasegawa, M. F. Watanabe, H. D. Park, G. C. Chen, G. 
Chen, and S. Z. Yu. 1996. Detection of microcystins, a blue-green algal hepatotoxin, in 
drinking water sampled in Haimen and Fusui, endemic areas of primary liver cancer in China, 
by highly sensitive immunoassay. Carcinogenesis. 17(6): 1317-21.

van Halteren H. K., J. M. Salemans, H. Peters, G. Vreugdenhil, and W. M. Driessen. 1997. 
Spontaneous regression of hepatocellular carcinoma. J Hepatol. 27(1): 211-5.

Van Noorden C. J., W. M. Frederiks, D. C. Aronson, F. Marx, K. Bosch, G. N. Jonges, I. M. 
Vogels, and J. James. 1987. Changes in the acinar distribution of some enzymes involved in 
carbohydrate metabolism in rat liver parenchyma after experimentally induced cholestasis. 
Virchows Arch B Cell Pathol Incl Mol Pathol.. 52(6): 501-11.

Van Noorden C. J., I. M. Vogels, and J. James. 1994. Adaptive sex-dependent changes in 
the zonation of carbohydrate and lipid metabolism in rat liver lobules after partial 
hepatectomy. Hepatology. 20(3): 714-24.

Van Steenbergen W., J. Fevery, J. De Groote, A. Baert, V. Desmet, and P. Van Eyken. 1989. 
Hepatocellular carcinoma in a case of familial polyposis coli. Am J Gastroenterol. 84(9): 
1120- 1 .

Vesey D. A., N. K. Hayward, and W. G. Cooksley. 1994. p53 gene in hepatocellular
carcinomas from Australia. Cancer Detect Prev. 18(2): 123-30.

Vogt T., W. Stolz, M. Landthaler, J. Ruschoff, and J. Schlegel. 1996. Nonradioactive 
arbitrarily primed polymerase chain reaction: a novel technique for detecting genetic defects 
in skin tumors. J Invest Dermatol. 106(1): 194-7.

Wada Y., O. Nakashima, R. Kutami, O. Yamamoto, and M. Kojiro. 1998. Clinicopathological 
study on hepatocellular carcinoma with lymphocytic infiltration. Hepatology. 27(2): 407-14.

Wang K., L. Gan, E. Jeffery, M. Gayle, A. M. Gown, M. Skelly, P. S. Nelson, W. V. Ng, M. 
Schummer, L. Hood, and J. Mulligan. 1999. Monitoring gene expression profile changes in 
ovarian carcinomas using cDNA microarray. Gene. 229(1-2): 101-8.

Wang X. W., K. Forrester, H. Yeh, M. A. Feitelson, J. R. Gu, and C. C. Harris. 1994. 
Hepatitis B virus X protein inhibits p53 sequence-specific DNA binding, transcriptional activity, 
and association with transcription factor ERCC3. Proc Natl Acad Sci USA 91(6): 2230-4.

Wanless I. R., J. S. Lentz, and E. A. Roberts. 1985a. Partial nodular transformation of liver in 
an adult with persistent ductus venosus. Review with hypothesis on pathogenesis. Arch 
Pathol Lab Med. 109(5): 427-32.

Wanless I. R., C. Mawdsley, and R. Adams. 1985b. On the pathogenesis of focal nodular 
hyperplasia of the liver. Hepatology. 5(6): 1194-200.

323



Wanless I R 1990 Micronodular transformation (nodular regenerative hyperplasia) of the 
liver a report of 64 cases among 2.500 autopsies and a new classification of benign 
hepatocellular nodules Hepatology 11(5): 787-97

Wanless I. R. 1994. Regenerative nodules in Budd Chiari syndrome. Abstract. Hepatology 
19(4): 1391.

Wanless I. R., J. J. Liu, and J. Butany. 1995a. Role of thrombosis in the pathogenesis of 
congestive hepatic fibrosis (cardiac cirrhosis). Hepatology. 21(5): 1232-7.

Wanless I. R., F. Wong, L. M. Blendis, P. Greig, E. J. Heathcote, and G. Levy. 1995b. 
Hepatic and portal vein thrombosis in cirrhosis: possible role in development of parenchymal 
extinction and portal hypertension. Hepatology. 21(5): 1238-47.

Wasan H. S. and W. F. Bodmer. Inherited susceptibility to cancer. In Franks LM, Teich NM, 
eds. Cellular and Molecular Biology of Cancer. Third edition. Oxford, New York, Tokyo: 
Oxford University Press.

Watanabe S., K. Okita, T. Harada, T. Kodama, Y. Numa, T. Takemoto, and T. Takahashi. 
1983. Morphologic studies of the liver cell dysplasia. Cancer. 51(12): 2197-205.

Webster C., G. Filippi, A. Rinaldi, 0. Mastropaolo, M. Tondi, M. Siniscalco, and H. M. Blau. 
1986. The myoblast defect identified in Duchenne muscular dystrophy is not a primary 
expression of the DMD mutation. Clonal analysis of myoblasts from five double heterozygotes 
for two X-linked loci: DMD and G6PD. Hum Genet. 74(1): 74-80.

Weihrauch M., G. Lehnert, F. Kockerling, 0. Wittekind, and A. Tannapfel. 2000. p53
mutation pattern in hepatocellular carcinoma in workers exposed to vinyl chloride. Cancer. 
88(5): 1030-6.

Weihrauch M., M. Benicke, G. Lehnert, C. Wittekind, R. Wrbitzky, and A. Tannapfel. 2001. 
Frequent k- ras -2 mutations and p16(INK4A)methylation in hepatocellular carcinomas in 
workers exposed to vinyl chloride. BrJ Cancer. 84(7): 982-9.

Weinstein S., A. G. Scottolini, S. Y. Loo, P. 0. Caldwell, and N. V. Bhagavan. 1985. Ataxia 
telangiectasia with hepatocellular carcinoma in a 15-year-old girl and studies of her kindred. 
Arch Pathol Lab Med. 109(11): 1000-4.

Welsh J. and M. McClelland. 1990. Fingerprinting genomes using PCR with arbitrary 
primers. Nucleic Acids Res. 18(24): 7213-8.

Wilkens L., M. Bredt, P. Flemming, J. Klempnauer, and Kreipe H. Heinrich. 2000 
Differentiation of multicentric origin from intra-organ metastatic spread of hepatocellular 
carcinomas by comparative genomic hybridization. J Pathol 192(1): 43-51.

Wittekind C. Hepatocellular Carcinoma. In Hermanek P, Gospodarowicz MK, Hanson DE, 
Hutter RVP, and Sobin LH, eds Prognostic Factors in Cancer. First Edition. Berlin: Springer- 
Verlag.

Wong N., P. Lai, S. W. Lee, S. Fan, E. Pang, C. T. Liew, Z. Sheng, J. W. Lau, and P. J. 
Johnson. 1999. Assessment of genetic changes in hepatocellular carcinoma by comparative 
genomic hybridization analysis: relationship to disease stage, tumor size, and cirrhosis. Am J 
Pathol. 154(1): 37-43.

324



Wu P C , J W S Fang, V K T. Lau, C L Lai, C. K. Lo, and J. Y, N Lau. 1996 
Classification of hepatocellular carcinoma according to the hepatocellular and biliary 
differentiation markers Clinical and biological implications. Am J Pathol. 149(4): 1167 75.

Wu P. C., V. K. Lau, J. W. Fang, V. C. Lai, C. L. Lai, and J. Y. Lau. 1999a. Imbalance 
between cell proliferation and cellular DNA fragmentation in hepatocellular carcinoma. Liver. 
19(5): 444-51.

Wu P. C., V. C. Lai, J. W. Fang, M. A. Gerber, C. L. Lai, and J. Y. Lau. 1999b. 
Hepatocellular carcinoma expressing both hepatocellular and biliary markers also expresses 
cytokeratin 14, a marker of bipotential progenitor cells. J Hepatol. 31(5): 965-6.

Yamada N., H. Shinzawa, K. Ukai, H. Wakabayashi, H. Togashi, T. Takahashi, N. Seo, S. 
Ishiyama, M. Tsukamoto, and S. Fuyama. 1993. Subcutaneous seeding of small 
hepatocellular carcinoma after fine needle aspiration biopsy. J Gastroenterol Hepatol. 8(2); 
195-8.

Yamada T., A. T. De Souza, S. Finkelstein, and R. L. Jirtle. 1997. Loss of the gene encoding 
mannose 6-phosphate/insulin-like growth factor II receptor is an early event in liver 
carcinogenesis. Proc Natl Acad Sci USA. 94(19): 10351-5.

Yamamoto H., F. Itoh, Y. Adachi, H. Sakamoto, M. Adachi, Y. Hinoda, and K. I mai. 1997. 
Relation of enhanced secretion of active matrix metalloproteinases with tumor spread in 
human hepatocellular carcinoma. Gastroenterology. 112(4): 1290-6.

Yamamoto K., K. Takenaka, K. Kajiyama, M. Shimada, K. Shirabe, A. Taketomi, T. Maeda, 
and K. Sugimachi. 1999. Cell proliferation and cell loss in nodule-in-nodule hepatocellular 
carcinoma. Hepatogastroenterology. 46(26): 813-9.

Yamamoto H., F. Itoh, H. Fukushima, H. Kaneto, S. Sasaki, T. Ohmura, T. Satoh, Y. Karino, 
T. Endo, J. Toyota, and K. I mai. 2000. Infrequent widespread microsatellite instability in 
hepatocellular carcinomas. In tJ Oncol. 16(3): 543-7.

Yasuda J., M. Navarro, S. Malkhosyan, A. Velazquez, R. Arribas, T. Sekiya, and M. Perucho.
1996. Chromosomal assignment of human DNA fingerprint sequences by simultaneous 
hybridization to arbitrarily primed PCR products from human/rodent monochromosome cell 
hybrids. Genomics. 34(1): 1-8.

Yasui H., O. Hino, K. Ohtake, R. Machinami, and T. Kitagawa. 1992. Clonal growth of 
hepatitis B virus-integrated hepatocytes in cirrhotic liver nodules. Cancer Res. 52(24): 6810- 
4.

Ye M. Q., A. Suriawinata, M. Ben Haim, R. Parsons, and M. E. Schwartz. 1999. A 42-year- 
old woman with liver masses and long-term use of oral contraceptives. Semin Liver Dis. 
19(3): 339-44.

Yeh S. H., P. J. Chen, W. Y. Shau, Y. W. Chen, P. H. Lee, J. I .  Chen, and D. S. Chen. 2001. 
Chromosomal allelic imbalance evolving from liver cirrhosis to hepatocellular carcinoma. 
Gastroenterology. 121(3): 699-709.

Yokoyama I. and H. Takagi. 1996. Liver transplantation and hepatocellular carcinoma. 
Semin Surg Oncol. 12(3): 212-6.

325



Yoong K F G McNab. S G Hubscher, and D H Adams. 1998 Vascular adhesion 
protein-1 and ICAM-1 support the adhesion of tumor-infiltrating lymphocytes to tumor 
endothelium in human hepatocellular carcinoma. J Immunol 160(8) 3978-88

Yoshitomi P., Y. Zaitsu, and K. Tanaka. 1980. Ataxia-telangiectasia with renal cell carcinoma 
and hepatoma. Virchows Arch A Pathol Anat Histol. 389(1): 119-25.

Yu S. Z. 1995. Primary prevention of hepatocellular carcinoma. J Gastroenterol Hepatol. 
10(6): 674-82.

Yuen M. P., P. C. Wu, V. C. Lai, J. Y. Lau, and C. L. Lai. 2001. Expression of c-Myc, c-Pos, 
and c-Jun in hepatocellular carcinoma. Cancer. 91(1): 106-12.

Yuki K., S. Hirohashi, M. Sakamoto, T. Kanai, and Y. Shimosato. 1990. Growth and spread 
of hepatocellular carcinoma. A review of 240 consecutive autopsy cases. Cancer. 66(10): 
2174-9.

Zeze P., K. Ohsato, H. Mitani, R. Ohkuma, and O. Koide. 1983. Hepatocellular carcinoma 
associated with familial polyposis of the colon. Report of case. Dis Colon Rectum. 26(7): 
465-8.

Zhao G., S. Su, D. Borek, S. Priesen, and P. Holmes. 1990. Long survival and prognostic 
factors in hepatocellular carcinoma. J Surg Oncol. 45(4): 257-60.

326


