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Abstract

Hepatocellular Carcinoma (HCC) is a highly malignant tumour that is prevalent in
Southeast Asia, including Hong Kong. Epidemiological studies have shown that there is
a strong association between HCC and viral hepatitis infection of type B and C, cirrhosis,
aflatoxin exposure and alcohol consumption. Although molecular and cytogenetic
studies have indicated frequent loss of 1p, 4q, 6q and 8p in HCC, the mechanism for the
underlying pathogenesis is still poorly understood. Comparative genomic hybridization
(CGH) is a molecular cytogenetic technique that allows the rapid screening of DNA
sequence gains, losses and amplifications in the entire genome. As an attempt to
delineate the genetic alterations involved in the progression of HCC, we have applied
CGH to the study of overall genomic imbalances in 67 HCC (55 with underlying liver
cirrhosis and 12 without liver cirrhosis) and 12 surrounding cirrhotic liver tissues.

Our CGH analysis on HCC revealed a high incidence of 1q copy number gain
(48/67 cases, 72%). Frequent gains were also found on 8q (32/67 cases, 48%), 20q
(25/67 cases, 37%) and 17q (19/67 cases, 28%). Common losses were detected on 4q
(29/67 cases, 43%), 13q (26/67 cases, 39%), 8p (25/67 cases, 37%) and 16q (19/67 cases,

28%). When genetic aberrations were correlated with clinical parameters such as tumour



staging and tumour size, we found that there is no significant difference in the pattern of
genomic imbalances between stages T2 and T3. However, tumours greater than 3c¢m in
diameter have a higher average aberrations per tumour than tumours smaller than 3cm (P
= 0.036). A significant copy number loss of 4q11-q23 was identified in tumours larger
than 3cm (P = 0.009). This might suggest that tumour suppressor gene(s) involved in
HCC progression harboured on 4q11-q23. Of particular interest was a consistent 8q gain
in non-cirrhotic HCC (100%) in comparison to HCC arising from cirrhotic livers (36%).
This might suggest that genes on 8q played an essential role in the t;ansformation of
normal hepatocytes to malignant HCC. Although no genetic aberrations were identified
in the 12 surrounding cirrhotic liver tissues, a smaller number of chromosomal
aberrations detected in the cirrhotic HCC than the non-cirrhotic HCC supported the role
of underlying cirrhosis in enhancing HCC development.

A remarkably high incidence of chromosome 1q gain (72%) found and the finding
of a novel amplicon on 1q21-q25 by CGH implicated that genes important in liver
carcinogenesis of HCC might reside on 1q. We therefore performed interphase FISH
analysis with YAC probes on 1q21-q25 to fine map this amplicon. Our results confirmed
the presence of 1q21-q25 copy number gain and confined the regional amplicon to
1g21.1. The YAC 955 _e_11 defining the region of highest copy number increase should
provide basis for further positional cloning of a gene that may be relevant to the

development of HCC.
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Introduction



1.1 Hepatocellular Carcinoma (HCC)

Hepatocellular carcinoma (HCC) is a highly malignant tumour of the liver
parenchyma, and represents over 95% of primary malignancy originated from the
liver. HCC is the fifth most common cancer world-wide and constitutes 5.4% of
total cancer cases (Parkin et al., 1999). Coinciding with geographical distribution of
chronic carriers of hepatitis B virus (HBV), HCC is endemic in Southeast Asia,
China and Sub-Saharan Africa but rare in western countries. Age-standardised rates
in men range from 2.7 per 100,000 in Northern Europe to 35.8 per 100,000 in China.
However, due to the spread of hepatitis C (HCV) infection in the western populations
that resulted in an increasing incidence of HCC, this malignancy is gaining more
concern in the West (Ince and Wands, 1999). Besides persistent viral hepatitis B and
C infections, other etiological factors associated with HCC include cirrhosis,
aflatoxin exposure, alcohol consumption and chemical carcinogens.

Hong Kong lies in an area of high HCC incidence. The HCC incidence in
Hong Kong is considerably higher than the West but falls in the mid-fange among
Asian cities (Table 1.1). Our local age-standardised incidence is 36.2 per 100,000 in
male and 9.5 per 100,000 in female. The sex ratio was 3.4 male cases for every
female. In 1994, 1700 new HCC cases were diagnosed, of which 87% were aged
above 45 (HA Statistical Report, 1999). In 1997, HCC was the second and fourth
most frequent cause of death in males and females respectively in Hong Kong
(Department of Health Annual Report, 1999).

The prognosis of HCC is poor. To date, there is no effective systemic
treatment for this malignancy. Surgical resection remains the only hope for long-
term survival. Nevertheless, most patients present at a late stage with hepatomegaly

and the liver function has deteriorated or the tumour has metastased to a secondary



site. Surgical resection is therefore applicable to only about 15% of the HCC cases.

The median survival of the remaining 85% of HCC patients is about 3 months.



Table 1.1 World Age-standardised Incidence Rate (per
100,000) of HCC in Selected Countries, 1988-1992

Country/City Males Females
China, Qidong 72.1 19.1
China, Shanghai 28.2 9.8 .
China, Tianjin 22.7 8.9
Hong Kong 36.2 9.5
Japan, Osaka 46.7 11.5
Singapore :

Chinese 22.1 5.8

Indian 6.3 2.8

Malay 11.6 3.9
Australia, NSW 25 0.6
Canada 3.1 1.2
UK, England & Wales 2.0 1.0
US, Los Angeles :

Black 5.1 2.2

Chinese 16.1 4.4

Non-Hispanic White 2.9 1.1

Source : Cancer Incidence in five continents Vol. VII,
IARC



1.2 Etiology of Hepatocellular Carcinoma

Whilst the mechanism for HCC development is still not clear, several factors
have been found to be closely associated with HCC. Epidemiological studies have
shown that there is a strong association between HCC and viral hepatitis of type B

and C, cirrhosis, aflatoxin exposure in diet and alcohol consumption.

1.2.1 Viral Infection

Hepatitis B and C viruses together account for 82% of liver cancer cases
worldwide (World Health Report, 1996). The association of HBV and HCV with
HCC stems from the observation that HBsAg or anti-HCV is detected at a higher
percentage in HCC patients than in normal population. However, the pattern of
association varies in different geographic regions. In Chinese and African
populations, HBsAg is detected in 62 to 80% of patients, while anti-HCV is present
in 7 to 29% of cases (Okuda et al., 1997). On the other hand, in Japan, Italy and
Spain, anti-HCV is detected in more than 65% of patients, whereas. HBsAg is
detected in about 25% (Kiyosawa et al., 1991, Simonetti et al., 1989, Bruix et al.,
1989). In the remaining countries, the two viruses are deemed to play a minor but
equal role. Also, it is known that the two viruses do not occur exclusively and
patients can be coinfected with both HBV and HCV. It is generally thought that
coinfection is more severe than infection with only one, both histologically and in

the degree of clinical decompensation (Fong et al., 1991).

1.2.1.1 Hepatitis B Virus
HBYV is the etiological factor that has received the most extensive research.
Much information has accumulated from viral biology, epidemiology and molecular

studies. First discovered in 1965, hepatitis B virus is a member of hepadnaviruses



(hepatic DNA viruses). The 3.2kb viral genome is packaged in an envelope
containing the hepatitis B surface antigen (HBsAg). In the first step of infection,
HBsAg interacts with a specific HBV receptor on the plasma membrane of
susceptible hepatocytes. The inner core of the virus is a nucleocapsid which contains
the core antigen (HBcAg). The detection of HBsAg in serum for more than 6
months is an indicator for chronic infection, while the presence of antibody to the
surface antigen (HBsAb) indicates past infection and immunity. When antibody to
the core antigen (anti-HBc) is present alone, it indicates ongoing replication.

A direct cause-and-effect relationship between HCC and HBV has been
demonstrated recently (Chang et al., 1997). Following the implementation of
hepatitis B vaccination program in 1984 in Taiwan, the incidence of hepatocellular
carcinoma in children aged 6 to 14 declined from 0.7 per 100,000 between 1981 to
1986 to 0.36 per 100,000 between 1990 to 1994 (P <0.01). The incidence of brain
tumour in the same age group, which was used as a control, remained similar during
the same period of time. It therefore provides a strong evidence vthat active
immunisation can reduce the incidence of HCC. The incidence of adult HCC in
relation to immunisation however remains to be verified.

Another study in Taiwan provided further epidemiological evidence for the
association of HBV with HCC (Beasley, 1988). Between 1975 and 1986, 22707 men
in Taiwan were studied prospectively. Serological tests showed that 15.2% were
HBsAg-positive, 9.9% were anti-HBc-positive, 68.6% were anti-HBs-positive and
5.6% were negative for all three HBV markers. At the end of the study, 161 subjects
developed HCC of which 152 were HBsAg carriers. Besides, in nine cases that were
positive for anti-HBc, seven were also positive for anti-HBs. HCC was not found in

men who were negative for all three markers for HBV infection. Based on these



findings, the authors suggested that chronic HBV infection preceded the onset of
HCC and HBsAg-positive individuals are at a higher risk than uninfected individuals
in developing HCC.

The ability of HBV to cause malignant transformation has been demonstrated
by transfecting the entire HBV genome into mouse hepatocytes which were
subsequently transformed to cell lines (Hohne et al., 1990, Chen et al., 1992).
However, the mechanism underlying the HBV-related hepatocarcinogenesis is still
unclear. One proposed mechanism is insertional mutagenesis by HBV DNA. The
3.2kb HBV genome frequently integrates into the host genome (Brechot et al., 1980)
and about 80% of HCC contained multiple HBV DNA integration sites in their
chromosome (Chen et al., 1982). Although the integration of HBV appears to be
random, two reports have suggested the viral insertion of HBV in cellular genes like
the growth-regulating genes (cyclin A) (Wang et al., 1990) and the retinoic acid
receptor genes (Dejean et al., 1986). Another possibility is the transactivation of
critical cellular genes by the HBX gene, which encodes the HBx protein. The HBx
protein is a protein of 154 amino acids that is highly conserved among the different
subtypes of HBV. It is multifunctional and is a known pleiotropic transactivator with
no DNA-binding activity. Some studies have shown a direct interaction between the
HBx protein and the p53 protein (Feitelson ef al., 1993, Wang ef al., 1994).
1.2.1.2 Hepatitis C Virus

HCV is not a DNA virus but a positive-stranded RNA molecule of
approximately 9500 nucleotides. The nucleotide sequence of HCV is variable, and
can be divided into at least six subtypes (Simmonds et al., 1994). The pattern of
HCV genotypes may change significantly according to the histological severity of

the liver disease (Nousbaum et al., 1995). The presence of HCV RNA in serum



indicates active viral replication and seropositivity of anti-HCV is often used to
confirm hepatitis C infection.

In most geographic areas, anti-HCV is detected in less than 2% of the general
population (Alter, 1995, Mansel and Locarnini, 1995). However, it was detected in
more than 58% of HCC patients in countries like Japan, Italy, France and Spain
(Ohkoshi et al., 1990, Levrero et al., 1991, Nalpas et al., 1991, Bruix et al., 1989).
Undoubtedly, persistent HCV infection initiates a series of pathological changes
similar to HBV infection. These include inflammation, cellular vinjury, hepatic
regeneration, and cirrhosis, all of which may contribute to the oncogenic process

(Ince and Wands, 1999).

1.2.2 Cirrhosis and Chronic Inflammation

Hepatocytes in the normal adult liver rarely divide, but replications take place
following parenchymal injury or loss. Cirrhosis is the liver response to chronic
hepatocellular necrosis, inflammation and fibrosis. It is characterised b); diffused,
interlacing septal fibrosis and nodules of regenerating hepatocytes. Hepatic cirrhosis
is found in 80 to 90% of HCC patients. Etiological factors such as viral infections
and alcohol consumption can all lead to cirrhosis which in turn may progress to
HCC. Cirrhosis is therefore thought to be the premalignant condition of HCC
(Johnson, 1987). The risk of all genetic accidents increases in direct relation to the
number of cell division. Therefore, the active regeneration of hepatocytes, which are
challenged genetically by various etiological agents, may finally give rise to
malignant clones. Nevertheless, cirrhosis is by no means a prerequisite for

carcinoma as some HCC can arise in a non-cirrhotic liver.



1.2.3 Aflatoxin

Aflatoxin is a carcinogen produced by food spoilage fungi, Aspergillus flavus
and A. parasiticus. It contaminates food supplies like corn, peanuts, and grains in
humid tropical and subtropical regions, such as Qidong province of China and
Africa. Chronic feeding of aflatoxin B has been demonstrated to induce liver cancer
in many animal species (Tulpule, 1981). Aflatoxin B, is bioactivated by cytochrome
P450 monooxygenases to a reactive electrophile, aflatoxin-8,9-epoxide, which can
bind covalently to guanine residues. An aflatoxin B, associated TGC to TTC point
mutation occurred in codon 249 of the pS3 tumour suppressor gene (Ozturk et al.,
1991). Itis possible that such mutation has led to the inactivation of p53, that results

in the upregulation of cellular proliferation.

1.3 Genetic Studies of Hepatocellular Carcinoma
1.3.1 Conventional Cytogenetics

Conventional cytogenetic studies can provide an overall view on tl.xe genetic
alterations present. However, in the case of HCC, karyotypic information has been
limited due to poor in vitro growth of the hepatocytes and the suboptimal
chromosome morphology that precluded accurate analysis.

So far, there have been only five reports on the karyotypes of primary HCC

(Table 1.2). The tumours displayed multiple and complex abnormalities in both
chromosome number and structure. Changes of chromosome 1 were the most
common chromosomal aberrations reported. Deletion of the short arm of

chromosome 1 and loss of chromosomes 16, 21 and 22 was frequently detected.
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1.3.2 Molecular Cytogenetics

The number of chromosome copies can also be enumerated by fluorescence
in situ hybridization (FISH), using peri-centromeric probes on interphase nuclei.
Using this approach, trisomy or polysomy of chromosomes 1, 8 and 17 in HCC was
first reported (Nasarek et al., 1995, Kimura et al., 1996). By the use of a panel of
peri-centromeric probes, Ohsawa (1996) reported numerical aberrations in
chromosomes 7, 8, 9, 10, 12, 17, 18, X and Y in 71% (27/38) of HCC cases studied.
Similarly, Zimmermann et al. (1997) reported polysomy of chromqsomes 1,6,7, 8
and 16, and monosomy of chromosomes 4, 16 and 17 in HCC. However, these
studies have the major drawback in being dependent on the probes chosen and the
peri-centromeric probes used do not necessarily represent the whole intact
chromosome.

In contrast, a recently developed molecular cytogenetic technique
comparative genomic hybridization (CGH) allows the genome-wide survey for
chromosomal imbalances in tumours without prior knowledge of the a;berrations
present. There are so far two reports on the application of CGH in primary HCC.
Recurring chromosomal losses on 4q, 8p, 16q, 17p, 13q, 6q and 1p as well as gains

on 8q, 1q, 6p and 17q were suggested (Marchio et al., 1997, Kusano et al., 1999).

1.3.3 Molecular Genetic Studies
1.3.3.1 Proto-oncogenes

Studies on proto-oncogenes in HCC have focused on mutations or expression
of known proto-oncogenes including the ras family, c-met, c-myc and bel-2.
Although common in human pancreatic carcinomas, mutation of the ras family is

infrequent in HCC (Tsuda ef al., 1989, Tada et al., 1990). However, overexpression
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of N-ras, usually in the absence of a mutation, has been detected in 50 to 100% of
human HCC by Northern blot analysis (Wang ef al., 1991). Similarly, a 2- to 10-fold
increase in c-met expression was detected (Boix et al., 1994). By Southern blot
hybridization, c-myc amplification has been reported in 36.4% (28/77) of HCC
(Zhang et al., 1993) while immunohistochemical study of bcl-2 revealed an abnormal
expression in 13.5% of cases (Zhao et al., 1994). Thus far, no candidate proto-
oncogene has been suggested to be strongly associated with the development of

HCC.

1.3.3.2 Tumour Suppressor Genes

A number of allelotype studies have been performed on HCC. Frequent loss
of heterozygosity (LOH) on chromosomes 1p, 4q, 6q, 8p, 10q, 13q, 16q, 17p and 22q
had been reported (Buetow er al., 1989, Tsuda et al., 1990, Nishida et al., 1992, Emi
etal., 1992, Yeh et al., 1994, Boige et al., 1997, Nagai et al., 1997, De Souza et al.,
1995). Further to their previous allelotyping on HCC, Pineau et al. (1999). undertook
a high-density polymorphic marker analysis on chromosome 8p. Their results
showed that 60% of the tumours exhibited LOH at one or more loci at 8p with three
distinct minimal deleted areas. Nevertheless, few studies have succeeded to
associate the LOH at a chromosomal locus to the inactivation of a specific tumour
suppressor gene in hepatocarcinogenesis. One exception is the LOH at the mannose
6-phosphate/insulin-like growth factor II receptor (M6P/IGFIIr) locus. Following
the observation of reduced expression of IGFIIr in both rat and human HCC, De
Souza et al. (1995) found LOH at M6P/IGFIIr loci in 64% (14/22) of liver tumours.
They then demonstrated that in HCC with LOH at the MG6P/IGFIIr locus, there were

accompanying mutations in the remaining allele that result in truncated receptor
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protein and major amino acid substitutions (De Souza et al., 1995). These findings

suggested that M6P/IGFIIr played an important role in human liver carcinogenesis.

1.3.3.3 Cell Cycle Genes

TP53 exhibits several functions of a checkpoint gene in mammalian cells and
is involved in maintaining genomic integrity. Subsequent to a report of mutational
hotspot in the p53 gene in HCC by Ozturk et al.(1991), a number of studies have
been reported on the prevalence of p53 mutations in HCC from various geographic
regions (Bressac ef al., 1991, Kress et al., 1992, Sheu et al., 1992, Nose et al., 1993,
Ng et al., 1994). A specific G to T transversion at the third base of codon 249 was
frequently identified in HCC from aflatoxin-endemic areas like Qidong province of
China and South Aftica, but not from other parts of the world (Ozturk ef al., 1991).
This in turn might be suggestive of a codon 249 mutation of the p53 gene as a
genetic trait in HCC from areas of high aflatoxin exposure.

The interplay between p/6™*, cyclin-dependent kinase 4 (CDK4),‘ cyclin D1
and retinoblastoma (Rb) genes is one of the pathways that regulate the G1/S
transition. Phosphorylation of retinoblastoma protein, pRb in G1 phase is required to
allow progression from G1 to S phase. The product of pl6 binds to CDK4 and
inhibits the kinase activity of cyclin DI1-CDK4 complex, leading to
dephosphorylation of pRb that inhibits the progression of the cell cycle.

Frequent loss of chromosome 13q14 including the loci of Rb in HCC and
concomitant loss of Rb protein expression has been reported (Zhang et al., 1994). In
human HCC, the cyclin D1 gene was overexpressed in 13% of the tumours (Zhang et
al., 1993). However, amplification or rearrangements of the CDK4 gene were not

detected (Kita ef al., 1996). Although homozygous deletions and mutations of plé
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were relatively rare in HCC (Kita et al., 1996, Hui ef al., 1996), Liew et al. (1999)
found a high frequency of hypermethylation of the 5’ CpG island of the pl6 gene
(62.5%, 32/48 of HCC tumours). Furthermore, hypermethylation in conjunction to
homozygous deletion and missense mutation resulting in p16 alteration was detected
in 70.8% (34/48) of HCC. This suggested an important role of pl6é in the

development of HCC.
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1.4 Background of Study

Genomic imbalances are common in solid tumours. Previous cytogenetic and
molecular studies in HCC have mainly indicated areas of recurrent genetic losses.
Information on chromosomal gains, on the other hand, is mainly provided by FISH
studies. The use of peri-centromeric probes in FISH studies however does not
distinguish regional chromosome gains or a gain of the whole chromosome.

Comparative genomic hybridization (CGH) is a recently developed molecular
cytogenetic technique. It offers the advantage of rapid and simultaneous screening of
DNA sequence gains and losses in the entire tumour genon;e in one single
experiment. The correlation of genetic changes identified with clinical parameters,
such as tumour staging and tumour size would improve our understanding of the role
of individual genetic aberration in the progression of HCC. As cirrhosis is
considered as the premalignant state for HCC, it is also worthy to investigate if
genetic aberrations are present in cirrhotic tissues surrounding the tumour.

Another advantage offered by CGH is its ability to reveal sites of DNA
amplification. These sites of DNA amplification can be thought of chromosome
regions harbouring potential proto-oncogenes. Therefore, characterisation of novel
site(s) of DNA amplification found in CGH would provide basis for positional

cloning of gene(s) that may be involved in the development of HCC.
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1.5 Objectives of Study

1,

To screen and analyse recurrent genetic changes in hepatocellular carcinoma by
CGH and identify the possible correlation of the identified genetic changes with
clinical stage, tumour size and the presence of underlying cirrhosis in tumour

specimens.

To investigate the surrounding cirrhotic liver tissues of the tumours for the

presence of genetic alterations.

To validate and characterise amplified site identified by CGH with interphase

cytogenetics.
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Chapter 2.

Materials and Methods



2.1 Materials

Preparation of Normal Human Metaphase chromosomes

1. Phytohaematoglutinine (GibcoBRL Life Technologies, Gaitherburg, MD)
2. RPMI 1640 (GibcoBRL)

3. Fetal calf serum (GibcoBRL)

4. Penicillin/streptomycin (GibcoBRL)

5. Colchicine (Sigma)

6. RNase (Boehringer Mannheim)

7. 2xSSC: 0.3M NaCl (Sigma), 0.03M trisodium citrate (Sigma).

Extraction of High Molecular Weight DNA

8. Phenol/chloroform/isoamyl alcohol 25:24:1 (v/v/v)

9. B-mercaptoethanol (Sigma)

10. Lyticase solution: 5U/ul lyticase (Sigma), 50mM Tris-HCI, 1mM EDTA, 50%
glycerol (Sigma)

11. SCE buffer: 1M sorbitol (Sigma), 0.1M trisodium citrate (Sigma),. 0.1M EDTA
(Sigma), pH 7.0

12. QIAamp tissue kit (Qiagen, GmbH Germany)

Labeling of DNA by Nick Translation

13. Biotin-16-dUTP (1mM) (Boehringer Mannheim, Mannheim, Germany)

14. Digoxigenin(dig)-11-dUTP (1mM) (Boehringer Mannheim)

15. Nick translation buffer: 0.05M Tris-HCl, SmM MgCl,, 0.05mg/ml BSA, 0.01M
-mercaptoethanol (pH 8.0)

16. Deoxyribonucleotides: dATP, dCTP and dGTP (Boehringer Mannheim)

17. DNA polymerase I (Amersham Life Science)
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18. DNase I (Boehringer Mannheim)
19. Agarose (Biowest)
20. IxTAE buffer: 0.04M tris-base, 1.14ml acetic acid and 1M EDTA (pH 8.0)

21. 1kb plus DNA ladder (GibcoBRL)

Labeling Efficiency

22. Nick spin column (Pharmacia Biotech)

23. NBT/BCIP: (Gibco BRL)

24. IXTE buffer: 10mM Tris-HCI, ImM EDTA (pH 7.4)

25. Maleic acid buffer: 0.1M maleic acid, 0.15M NaCl (pH 7.5)

26. Blocking solution: 1% blocking reagent (Boehringer Mannheim) in maleic acid

buffer (pH 7.5)

Preparation of Probe
27. Human Cot-1 DNA (I1mg/ml) (GibcoBRL)

28. Hybrisol VII (Oncor): 70% formamide, 2xSSC, 10% dextran sulphate (pH 7.0)

Fluorochrome-conjugated Antibodies

29. Monoclonal mouse anti-digoxigenin (Sigma Chemical Co., St Louis, MO); 1:100
dilution

30. Rabbit anti-mouse TRITC (Sigma); 1:100 dilution

31. Goat anti-rabbit TRITC (Sigma); 1:100 dilution

32. FITC-avidin DCS (Vector Laboratories, Burlingame, CA); 5pg/ml

33. Goat biotinylated anti-avidin D (Vector Laboratories); 1:100 dilution

34. Sheep anti-digoxigenin FITC (Boehringer Mannheim); 1:10 dilution

35. Rabbit anti-sheep FITC (Sigma); 1:20 dilution

36. Avidin Texas-Red (Vector Laboratories); 1:80 dilution
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Fluorescence Microscopy and Image Analysis
37. 4,6-diamino-2-phenylindole (DAPI) (Sigma)
38. Anti-fade solution (Vectashield, Vector Laboratories, Burlingame, CA)

39, Cytovision (Applied Imaging, Sunderland, UK).

Culture of Yeast Artificial Chromosomes

40. Yeast host strain: Saccharomyces cerevisiae AB1380 (trpI’, ura3’, ade2-1)

41, AHC plate: 0.17% yeast nitrogen base without amino acid and ammonium sulfate
(Difco), 0.5% ammonium sulfate (Sigma), 1.4% casein hydrolysate acid (Oxoid),
0.002% adenine hemisulfate (Sigma), 2% agar (Difco), 3.5U/ml penicillin and
3.5ug/ml streptomycin (GibcoBRL)

42. YPD broth (Difco): 1% yeast extract, 2% peptone, 2% dextrose

43. Shaking Incubator: Thermolyne Rosi 1000™

Inter-Alu-PCR
44. Primer sequences ALE1: GCCTCCCAAAGTGCTGGGATTACAG
ALE3: CCACTGCACTCCAGCCTGGG

45. PCR amplification buffer: 10mM Tris HCI pH 8.3, 2mM MgCl,, 0.2mM dNTP,
0.2uM of each of primers ALEl and ALE3, 1.75U of polymerase [95%
AmpliTaq Gold (5U/ul, Perkin-Elmer), 5% pfu polymerase (2.5U/pl,
Stratagene)].

46. Programmable thermal cycler (PTC-200, MJ Research Inc)

47. High Pure PCR Product Purification kit (Boehringer Mannheim)

48. GeneQuant (Pharmacia Biotech, Sweden).
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Fluorescence in situ Hybridization
49. 3-aminopropyltriethoxylsilane (Sigma)
50. Sodium thiocyanate (Sigma)

51. Pepsin (Boehringer Mannheim)

22



2.2 Analysis of Chromosomal Imbalances by Comparative Genomic

Hybridization
2.2.1 Comparative Genomic Hybridization

First introduced in 1992, comparative genomic hybridization (CGH)
represents a major breakthrough in the field of molecular cytogenetics (Kallioniemi
et al., 1992). It allows the identification of chromosomal gains and losses in the
whole tumour genome in a single experiment. Whilst conventional cytogenetic
studies on solid tumours are often hampered by sub-optimal tumour growth in vitro
and poor chromosome morphology, CGH allows the study of genetic alterations in
solid tumours without the need of cell culture. Also, CGH is a useful tool to detect
and map amplified DNA sequences in the tumour genome, which in the past are only
revealed by conventional cytogenetics as homogeneously staining regions and double
minute chromosomes (Alitalo and Schwab, 1986).

Essentially, the technique of CGH consists of two components: (a)
fluorescence in situ hybridization of labeled DNA on metaphase chramosomes, and
(b) digital analysis of fluorescent images (Fig. 2.1). The first component involves
the four steps of FISH: denaturation, hybridization, post-hybridization wash and
detection (see section 2.3.1). The probes used in CGH can be labeled either directly
by fluorochrome-conjugated deoxynucleotides or indirectly by hapten-conjugated
deoxynucleotides. After denaturation into single-stranded DNAs, equal amounts of
labeled total tumour DNA and normal genomic reference DNA are co-hybridized
onto normal human metaphase chromosomes, in the presence of excess unlabeled
human Cot-1 DNA. Homologous sequences present in both test and reference DNA
will compete for the same target sites on metaphase chromosomes. For indirectly

labeled probes, fluorescent signals can be visualized with green and red fluorescing
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antibodies against the haptens. The final hybridized signals appear as tiny
fluorescent granules on the chromosome. The denser the granules, the better the
hybridization quality. The ratio of fluorescent intensity between the two DNA at a
particular chromosomal locus reflects the relative copy number of DNA sequences in
the tumour genome. In our laboratory, tumour DNA is labeled with green
fluorescent agent (FITC) and normal reference DNA as red (TRITC), although the
reverse labeling is also possible. Gains of DNA sequences in the test DNA are
visualized as increased green-to-red fluorescent signal ratio. Similarly, losses are
indicated as an increased red fluorescent signal of reference DNA over green signals.

Although high-level amplifications can be readily observed under the
fluorescence microscope, digital image analysis is required to give a better
estimation of regions of low-level copy number changes. The green and red
fluorescent images and the blue DAPI images are captured with a cooled charge-
coupled device (CCD) camera. Reverse DAPI-banding pattern generated by the
computer resembles that of crude G-band and therefore allows chromosome
identification according to standard karyotyping (Fig. 2.2A). Fluorescent ratios were
then calculated by integrating the value of the green and red signals across the width
of a line orthogonal to the chromosome axis (Fig. 2.2B). After normalization, the
image profiles of 8 to 12 metaphases were averaged to give a copy number
karyogram (Fig. 22C & D). The spatial resolution of CGH mapping is
approximately 10 mega base pair (Mbp) for low-copy-number gains and losses and 2
Mbp for high-copy-number amplifications (Piper et al., 1995, Bentz et al., 1998).
The introduction of CGH has accelerated the identification of chromosomal
aberrations in a number of human neoplasms (Zitzelsberger ef al., 1997, Knuutila et

al., 1998).
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Figure 2.1 Schematic Outline of the CGH Technique. Test and reference DNA are
differentially labeled (green and red, respectively) and co-hybridized to normal
human metaphase chromosome spreads. Visualization of the chromosomes by
fluorescence microscopy reveals differences in the fluorescent hybridization signals
along the chromosomes, representative of the abundance of the test DNA sequence
relative to the reference DNA sequence. Analysis of captured images can provide a

colour ratio profile indicative of copy number changes in the test DNA relative to the
reference DNA.
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Figure 2.2 Digital Analysis and Detection of Chromosomal Imbalances by CGH.
The green and red fluorescent images and the blue DAPI images are captured with a
cooled CCD camera. (A) Hybridization pattern of the normal reference DNA labeled
with digoxigenin and detected via TRITC. Using an appropriate single bandpass
filter, a CCD image of only the TRITC fluorescence was captured. This gray-scale
image was then digitally pseudocoloured in red. (B) Hybridization pattern of biotin-
labeled total genomic DNA derived from tumour cells. The image was obtained with
a single bandpass filter for FITC fluorescence, and pseudc;coloured in green. (C)
DAPI image of the normal metaphase. (D) Reverse DAPI image generated by digital
inversion of the DAPI image. This provides banding pattern resembling that of
crude G-band, therefore allows identification of the chromosomes by standard
karyotyping. (E) The fluorescent intensity profile of each chromosome was
calculated by a summation of the green and red fluorescence pixel value along the
sequence of lines perpendicular to and spaced at unit distance along the medial axis.
Thresholds for gains and losses were defined as the theoretical value of 1.25 and 0.75
respectively.  (F) Karyogram of the metaphase spreads with pseudo-colours
superimposed. ~ Chromosomal gains (green) and losses (red) can be readily
recognised. There is a high consistency of the ratios for both chromosome
homologs. (G) After normalization, the image profiles of 8 to 12 metaphases are
averaged to give a copy number karyogram. The averaged green-to-red fluorescent
ratio is shown by the pink line, accompanied by the 95% confidence interval (golden
lines). Red and green vertical lines represent the thresholds for chromosomal losses
(0.75) and gains (1.25). The CGH profile of this specimen suggests high-level copy
gains of 1q and 6p, low-level gains of 2pter-q22, 2q3-qter, 7, 8ql3-qter, 10pter-q25,
159, 17q and 20, and losses of 4q12-q28, 17p, 18p11.2-qter, 22 and Y.
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2.2.2 Methods
2.2.2.1 Preparation of Normal Metaphase

Normal metaphase slides were prepared from phytohaematoglutinine-
stimulated peripheral blood lymphocyte cultures from a healthy male. The
lymphocytes were cultivated in RPMI 1640 medium containing 20% fetal calf
serum, 3.5U/ml penicillin and 3.5pg/ml streptomycin at 37°C for 72 hours. The cells
were then arrested at metaphase by adding 100ul of 25ug/ml colchicine. After
another hour of incubation at 37°C, cells were spun down. The collected cells were
treated with hypotonic KCI (75mM) and fixed in methanoll/acetic acid until a white
pellet was obtained. Finally, the cells were spread onto clean glass slides. After
aging at room temperature for one week, the slides were treated with 100pg/ml

RNase at 37°C, washed three times with 2XSSC and passed sequentially through

70%, 80% and 100% ethanol series. The air-dried slides were then stored at -20°C.

2.2.2.2 Extraction of High Molecular Weight DNA

Frozen tumour blocks were sectioned in cryostat (Leica). Fixed on the
cryostat plate, a Sum section was first taken and mounted onto a glass slide. Twenty
to 30 consecutive sections of 10um were then collected in an eppendorf tube, and
washed twice with autoclaved double distilled water. A final Sum section was cut
and transferred onto the same glass slide with the first Sum section. This slide was
then stained with hematoxylin and eosin (H&E) and the tumour cell content was

evaluated by an experienced pathologist. For CGH analysis, only specimens with

more than 75% tumour cell content were studied.

High molecular weight DNA was extracted from the sectioned tumour

tissues using conventional phenol/chloroform/isoamyl alcohol method (Maniatas et
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al., 1989). Similarly, normal reference DNA was extracted from peripheral blood

lymphocytes of healthy individuals.

2.2.2.3 Labeling of DNA by Nick Translation

Tumour and normal DNA was labeled with biotin-16-dUTP and
digoxigenin(dig)-11-dUTP by nick translation respectively. The nick translation was
carried out in a reaction mixture containing nick translation buffer, DNA polymerase,
0.5mM each of dATP, dCTP, dGTP and hapten-conjugated dUTP and DNase I at
15°C for 1 hour 45 minutes. To evaluate the DNA fraginent length obtained, the
nick translated products were run on a 1% agarose gel in 1xTAE buffer. Fragment
size of 200 to 1500 base pairs was desirable for CGH study (Fig. 2.3). The nick
translation reaction was stopped with EDTA followed by passing through nick spin

column to remove unincorporated haptens and deoxyribonucleotides.

2.2.2.4 Labeling Efficiency

Dot blot analysis was carried out to assess the labeling efficiency of the nick
translated product. The purified hapten-labeled DNA was diluted to 10pg/pl with
IXTE buffer and dotted onto a piece of Hybond N+ nylon transfer membrane, on
which three standards, 10pg/pl, 7.5pg/ul and Spg/pl of labeled control DNA, were
also placed. The membrane was then dried at 37°C for 1 hour to fix the DNA onto
the membrane. After rehydration in maleic acid buffer, the membrane was incubated
with blocking reagent. Alkaline phosphatase (AP) conjugated antibodies against the
hapten (anti-biotin-AP Fab fragments or anti-dig-AP conjugate) was then applied
onto the membrane for 30 minutes at room temperature. Finally, signal was

developed by incubating the membrane with a colour substrate solution of
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Fig 2.3 Labeling of DNA by Nick Translation. Normal
and Tumour DNA were cut to fragment size of 200 to 1500bp.

Lane M: 1Kb Plus DNA Ladder. Lane 1: Normal reference
DNA. Lane 2: Tumour DNA.



NBT/BCIP in the dark. Dot intensities of both test and control DNA were
determined by a densitometer. The labeling efficiency of test DNA can then be

determined from the standard curve derived from the control DNA (Fig. 2.4)

2.2.2.5 Preparation of Probe

Five hundred nanograms each of biotinylated test DNA and digoxigenin-
labeled normal reference DNA were ethanol precipitated with 70-fold human Cot-1
DNA. The human Cot-1 DNA consists of purified repetitive sequences that will
block the highly polymorphic repeat sequences like the centromeric and

heterochromatic regions. Ethanol precipitated DNA was dried in vacuum until a
transparent pellet was obtained. The probe mixture was finally redissolved in 12ul

of hybrisol VII, which contains 50% formamide, 2xSSC and 10% dextran sulphate

(pH 7.0).

2.2.2.6 Hybridization

Normal metaphases prepared from section 2.2.1 were treated with 300pg/ml
pepsin in 0.01M HCI (pH 2.0) for 4 minutes at 37°C. The metaphase chromosomes
were then denatured in 70% formamide/2xSSC (pH 7.0) at 72°C for 2 minutes. The
metaphase slide was then dehydrated through a cold ethanol series of 70%, 80% and
100% ethanol. The probe was denatured at 75°C for 5 minutes, left on ice for 5
minutes and allowed to pre-anneal at 37°C for at least 30 minutes. The probe
mixture was then spun hard and added to the denatured metaphase chromosomes.
The slide was covered by a glass coverslip, sealed in rubber cement and allowed for

hybridization at 37°C for 2 to 3 days in a moist chamber.
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Figure 2.4. Estimation of the labeling efficiency by dot blot analysis.
(A) One microliter of control DNA at a concentration of 10pg/pl,
7.5pg/pland Spg/pl, and the test sample at 10pg/ul were spotted on,
fixed to and detected with colourimetric substrate.

(B) The labeling efficiency of test sample DNA was determined
from the standard curve derived from the absorbance of the control
DNA. Labeling efficiency = Actual Value/Expected Value x 100%.
In this case, the value read off the standard curve is 8.5. Therefore,

the labeling efficiency is 8.5/10 x 100% = 85%.



2.2.2.7 Washing and Detection of Signals

Post-hybridization washes were carried out in two changes of 50%
formamide/2xSSC (pH 7.0) and 2xSSC (pH 7.0) at 40°C for 5 minutes each. This is
followed by blocking with 3% Marvel/4xSSC/0.1% Tween-20 for 30 minutes at
37°C. Fluorescent signals were developed immunocytochemically by the following
sequence of antibodies (i) Monoclonal mouse anti-digoxigenin and FITC-avidin DCS
(ii) Rabbit anti-mouse TRITC (iii) Mouse biotinylated anti-avidin D (iv) Goat anti-
rabbit TRITC and FITC-avidin DCS. All antibodies were diluted 1:100 in 1%
Marvel/4xSSC/0.1% Tween. Each antibody layer wash allowed to incubate for 30
minutes at 37°C. Finally, the slide was counterstained with 0.4pg/ml 4,6-diamino-2-

phenylindole (DAPI) in an antifade solution.

2.2.2.8 Image Acquisition and Analysis

A CCD camera mounted on a Leitz DM RB (Leica, Wetzlar, Germany)
fluorescence microscope was used for image acquisition.' Three consecutive
fluorescent images of each metaphase were captured with a three-band-pass filter
(DAPI, FITC and TRITC) in an automated filter wheel. Images acquired were
analysed by the CGH version 3.1 on an imaging analyser software Cytovision
(Applied Imaging, Sunderland, UK). Karyotype analysis was based on the reverse
DAPI images generated. Since the absolute fluorescence intensity of fluorochromes
in CGH is affected by illumination brightness, exposure time, bleaching,
‘hybridization efficiency and metaphase quality, a normalization procedure was
employed to equalize the median intensities of the test and reference images in all
metaphases. The fluorescent intensity profile of each chromosome was calculated by

a summation of the green and red fluorescence pixel values along the sequence of

35



lines perpendicular to and spaced at unit distance along the medial axis. An average
ratio profile for each chromosome was calculated based on the analysis of 8 to 12
metaphases. Thresholds for gains and losses were defined as the theoretical value of
1.25 and 0.75 respectively. These values were established on the basis of an
expected figure of trisomy (1.25) in a diploid tumour cell population or monosomy
(0.75) of a certain chromosome in 50% of the test cells. High-level gain of a
chromosomal arm or amplification of a chromosomal region was present when the
ratio exceeded 1.5. Regions of amplified DNA with a green-to-red fluorescent ratio
over 1.5 are known as amplicons. Chromosomal regions rich in heterochromatin
(centromeres of chromosomes 1, 9 and 16, p-arm of acrocentromeric chromosomes
and Yq12) were excluded in CGH analysis as excess Cot-1 DNA present suppressed

hybridization to these regions (Kallioniemi ef al., 1994).

2.2.2.9 Control Experiments

DNA from normal individuals was used as the negative control where two
differentially labeled normal DNA was hybridized against each other. DNA from the
hepatoblastoma cell line HepG2 was used as the positive control. In negative control
experiments, no aberrations were detected besides the occasional 1p32-pter, 16p, 19
and 22 deviation from baseline and hence these regions were analysed with caution
in tumour samples (Fig. 2.5A). In positive control experiments, CGH was able to
show gains in chromosome 2, 6pter-ql4, 6q22-qter, 7, 16q21-qter, 17q and 20 in
DNA from the hepatoblastoma cell line HepG2 (Fig. 2.5B). These aberrations
agreed with the reported karyotype of HepG2 (Simon et al, 1982) and were

consistent in all CGH experiments.

36



Figure 2.5. Control Experiments. (A) In negative controls, biotin and digoxigenin-
labeled DNA from normal individuals were hybridized against each other. No
aberrations were detected. (B) CGH profile of the hepatoblastoma cell line HepG2.
Gains in chromosome 2, 6pter-q14, 6q22-qter, 16q21-qter, 17q and 20 were

consistently found in all CGH experiments.
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2.3 Positional Mapping of Novel Amplicon by Interphase Cytogenetics
2.3.1 Fluorescence in situ Hybridization

The ability of single-stranded complementary nucleic acids to hybridize, or
renature forms the basic principle of molecular genetic techniques. DNA strands that

are not highly complementary will not hybridize or interfere with the hybridization

of complementary sequences.

The concept of DNA-DNA hybridization is not limited to extracted DNA, but
is also applicable to DNA localised in cytological structures. In 1969, Gall and
Pardue first demonstrated the hybridization of isotopically labeled RNA probes in
morphologically preserved chromosomes and cells, which were visualized as silver
grains under a normal microscope (Gall and Pardue, 1969). The application of this
technique in cytogenetics and the replacement of radioactive isotopes with
fluorochromes led to the development of fluorescence in situ hybridization (FISH)"
(Pinkel et al., 1986). When FISH is applied on non-dividing cells, it is termed
interphase cytogenetics. Unlike conventional cytogenetics, interphase cytogenetics
does not require tissue culturing and allows direct correlation of genetic aberration
with cell morphology.

FISH can be divided into four steps: denaturation, hybridization, post-
hybridization wash and detection (Cowan, 1994) (Fig. 2.6). The hapten-labeled
probe and target is first denatured to give single-stranded DNA. This is often
accomplished through the use of heat and formamide (denaturation). After adding
the probe to the chromosome preparation (in situ), the probe and target chromosome
is incubated together to allow annealing of complementary sequences
(hybridization). Thereafter, excess and non-specifically bound probe is removed

from the slide through washing (post-hybridization washing). Fluorescent signals are
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Figure 2.6 Principle of Fluorescence in situ Hybridization.

The probe DNA is first labeled with direct fluorochromes or haptens
such as biotin and digoxigenin. After denaturation into single-stranded
DNA, the probe and target chromosome are incubated together to allow

annealing of complementary sequences. Finally, fluorescent signals can
be seen under the fluorescence microscope.



finally developed by incubating the hybridized probe with fluorochrome-conjugated
antibodies (detection).

The successful use of FISH is dependent on the availability of probes. There
are in general three types of probes: (a) whole chromosome painting probes. They
are useful to study chromosome translocations (b) repetitive DNA probes. They
contain peri-centromeric, telomeric, sub-telomeric, classical satellite, beta satellite or
Alu DNA sequences. The peri-centromeric probes are especially useful in
enumerating chromosome copy number in interphase nuclei. (c¢) single-copy probes.
They are used to study the deletion or amplification of a particular locus in the
genome. Rapid progress in the human genome project has provided a wealth of
FISH probes that are cloned in cosmids, P1, BACs or yeast artificial chromosomes

(YAC) vectors (Luke et al., 1997).

2.3.2 Using Yeast Artificial Chromosomes (YAC) as Probe

Characterisation of amplified sequences identified by CGH requires
consecutive fragments of unique human DNA sequences. These are best sought
from the various DNA cloning systems (Table 2.1) and their respective “genomic
libraries”, which contain human DNA inserts of size from a few kilobases to more
than a megabase. In interphase cytogenetics, it is essential to obtain hybridized
signals that are large enough to be scored by the naked eye. Yeast artificial
chromosome (Burke et al. 1987) therefore represents the most appropriate source of

cloned DNA fragments, since it can give a wide coverage of the region in question.
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Table 2.1. DNA insert size of different cloning vectors

Vector Host Insert size

A phage E. coli 5-25 l;b
Acosmids  E. coli 35-45 kb

P1 phage E. coli 70-100 kb
PACs E. coli 100-300 kb
BACs E. coli <300 kb
YACs S. cerevisiae 200-2000 kb
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In contrast to bacterial cloning systems, where clones are selected by
dominant antibiotic resistance, YAC selection is based mainly on nutritional
complementation of biosynthetic mutations. These mutations result in a growth
requirement in the yeast strain that can be satisfied by the addition of a nutritional
supplement to the media. The host strain used in this experiment, S cerevisiae
AB1380 carries biosynthetic ura3 and #rp! mutant alleles so that it is auxotrophic for
uracil and tryptophan. YAC selection is therefore maintained by the functional
URA3 and TRPI genes on pYAC4, and a lack of uracil and tryptophan in the growth
medium (Fig. 2.7).

In addition to the auxotrophic mutations, S cerevisiae AB1380 carries an
ade2-1 ochre mutation and an interruptible marker, SUP4-o gene. An ade2-1 ochre
mutation blocks the purine biosynthetic pathway and leads to an accumulation of
red-hued intermediates in adenine-deficient media. Yeast cells without a human"
insert remain white because the SUP4-o0 gene suppresses the formation of the red
pigment. However, insertion of genomic DNA in the YAC interrupts the SUP4-0
gene in the YAC vector. Therefore, colonies will have a red pigmentation. This
colour marker allows visual identification of yeast colonies retaining the human

insert (Fig. 2.8).
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Figure 2.7. A Yeast Artificial Chromosome (YAC) Cloning System. A plasmid
containing inverted repeats of telomeric (TEL) sequences, a centromere sequence
(CEN), and selectable markers (TRP1 and URA3), provides the two vector arms after
cleavage with restriction enzymes at the EcoR1 site in the SUP4 gene and at the
BamHL1 sites. The vector arms are dephosphorylated and ligated to large DNA
fragments from a target DNA (e.g., human). The recombinant molecules are
introduced into yeast, where they are maintained as extra chromosomes.

The TRPI and URA3 genes are wild-type alleles of the genes mutated in the host S.
cerevisiae AB1380. They are on opposite sides of the EcoR1 cloning site. The
growth medium, AHC medium is deficient in uracil and trytophan, and therefore
selects for both arms of the YAC vector. This favours high stability of the YAC
through successive passages. (Adapted from Burke et al., 1987)
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Figure 2.8. Red Colonies of YAC. S. cerevisiae AB1380

carries an ade2-1 ochre mutation and an interruptible marker,
SUP4-o0 gene. A red pigmentation will be produced when the
yeasts are grown in adenine-deficient media. This allows the

selection of yeast colonies retaining the human insert.



Although YAC has the highest capacity for DNA inserts, there are three

major problems associated with its use.

L

II.

Most existing total genomic YAC libraries contain 5 to 50% of
chimeric clones that contains DNA sequences from two or more
separate genomic regions. Chimaeras may arise by co-ligation of
DNA inserts in vitro prior to yeast transformation, or by
recombination between two DNA molecules that were introduced into
the same yeast cell (Larionov ef al., 1994).

Many YAC clones are unstable and tend to delete internal regions
from their inserts. These deletions varied from 20 to 260kb and can
be generated both during the transformation process and during
mitotic growth of transformants (Kouprina et al., 1994).

Unlike plasmid vectors in bacteria, the structure of YAC is very~
similar to natural yeast chromosomes. Therefore, the 15Mb yeast host
chromosome background cannot be separated from the YACs by

simple methods (Chu et al., 1986).

In this thesis, these limitations have been resolved by

L

Performing metaphase FISH for each YAC being used in the
experiment. Those YAC that showlsecondary site of hybridization are
indicative of chimerism and are not selected as FISH probes.
Performing FISH analysis on interphase nuclei. A small deletion in
YAC will not interfere with visual scoring of signals under the
microscope.

Using inter-4/u-PCR to selectively amplify human sequences among

a yeast DNA background.
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2.3.3 Methods

2.3.3.1 Culture of Yeast Artificial Chromosomes

Glycerol stock of YAC-containing yeast was revived by streaking on AHC
plate. The plate was incubated at 30°C for 4 days or until single red colonies were
seen. A red colony was picked with an autoclaved toothpick and inoculated into 2ml
YPD broth. Shaken at 220rpm, culture was left overnight at 30°C in a shaking
incubator. The next day, 800ul of the overnight culture was inoculated into another
Sml of fresh YPD. Growth was maintained at 30°C with shaking at 220rpm, until an

ODgqo of a 10-fold dilution reads 0.31 to 0.37. This absorbance corresponds to a cell

density of 1x10°® cells/ml.

2.3.3.2 Extraction of Total YAC DNA

Yeast cells were spun down by centrifugation at 500g for 3 minutes. The
supernatant was aspirated, and the pellet was washed with autoclaved double
distilled water and SCE buffer. The pellet was then resuspeﬁded in 3mL of SCE
buffer and 7l of B-mercaptoethanol was added. To disrupt the yeast cell wall, yeast
suspension was incubated with 50U/ml lyticase at 37°C for an hour in a shaking
water bath. Total yeast DNA was subsequently extracted according to instructions of
QIAamp tissue kit. In brief, the spheroplasts (yeast cells with cell wall removed)
were first lysed in 180pl of tissue lysis buffer provided by the kit. After treating with
proteinase K at 55°C for an hour and RNase at room temperature for 2 minutes, the
yeast lysate solution was incubated with 200ul buffer AL at 70°C for 10 minutes.
The solution was then mixed thoroughly with 210pl of absolute ethanol and passed

through a spin column. After washing with washing buffer, total yeast DNA was

finally eluted with the elution buffer.
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2.3.3.3 Verification of YAC Clones for Chimerism by FISH

Each YAC clone studied in the present thesis was verified for chimerism and
chromosomal location before use. One microgram of total yeast DNA containing
YAC DNA was labeled with digoxigenin according to methods described in section
2.2.3. The labeled total yeast DNA was ethanol precipitated with 70-fold excess of
human Cot-1 DNA and resuspended in 5ul hybrisol VII. FISH was performed on
normal metaphase chromosomes. The chromosomal location of YAC was confirmed
by visual inspection. The presence of second site of hybridization was considered as

chimerism.

2.3.3.4 Inter-Alu-PCR

When total yeast DNA was used as probe and applied onto paraffin sections,
a high background-to-signal ratio was found (Fig. 2.9). This may be attributed to the~
interference from host yeast DNA. It is known that yeast ribosomal sequences can
anneal to the short arms of the human acrocentric chromosomes (Leversha, 1997).
To minimize cross hybridization from host yeast DNA, we employed inter-A/u-PCR
to selectively amplify the human sequences in the YAC from total yeast DNA.

Mammalian genomes contain short interspersed repeated sequences (SINES)
(Singer, 1982). In human, the major SINES is the A/u DNA sequence family. These
repeats are found ubiquitously in primates, though similar repeats are also found in
rodents (Schmid and Jelinek, 1982). Alu repeats are widely distributed in the human
genome, giving an average spacing between individual copies of 4 kilobases (Nelson
et al., 1989). Although individual A/u sequence contains “variable” regions, a 25-bp
region between nucleotide position 23 and 47, and a 16-bp region between nucleotide

position 245 and 260 are well conserved among different members in the family
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(Kariya et al., 1987). PCR with primers annealing to these conserved regions
therefore selectively amplify the DNA regions between Alu segments and enrich
human DNA sequences against a yeast background (Fig. 2.10).

In this thesis, Sng of total yeast genomic DNA with human DNA insert was
amplified in 50ul of PCR amplification buffer. Primer sequences ALEI]
(GCCTCCCAAAGTGCTGGGATTACAG) and ALE3 (CCACTGCACTCCAGCC-
TGGG), modified from Cole et al. (1991), were used at a final concentration of
0.2uM. The PCR reaction was conducted in a programmable thermal cycler (MJ
Research Inc). After an initjal denaturation at 94°C f(;r 5 minutes, samples were
subjected to 30 cycles of denaturation at 96°C for 1 minute, annealing at 55°C for 1
minute, elongation at 72°C for 5 minutes and a final incubation at 72°C for 10
minutes. Primers and free nucleotides were removed by passing through a PCR.
product purification column (High Pure PCR Product Purification kit). The purified
PCR products were then quantitated using GeneQuant (Pharmacia). Two hundred
nanograms of PCR products were run on a 1% agarose gel to éheck the result of the
PCR reaction (Fig. 2.11). The inter-Alu PCR products were then labeled with biotin
or digoxigenin by nick translation as described in section 2.2.3 to an optimum
fragment size of 200 to 500 base pairs (Fig. 2.12). The labeled inter-Alu PCR
products were then ethanol precipitated with excess of human Cot-1 DNA and

resuspended in Hybrisol VII to a final concentration of 60ng/pl.
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Figure 2.9. High background-to-signal Ratio in FISH Experiment.
High background-to-signal ratio was found when total yeast DNA
was used as probe and applied onto formalin-fixed paraffin-embedded

tissue sections.
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Figure 2.11. Amplification of Human DNA from Yeast Artificial
Chromosomes by Using A/u primers, Ale-1 and Ale-3. Lane M:
1 Kb Plus DNA Ladder. Lane 1: amplification result from total

yeast DNA of 955el11. Lane 2: amplification result from total
yeast DNA of 910c8.
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Figure 2.12. Nick Translation of Inter-4/u PCR Products.
The inter-Alu PCR products were labeled with biotin or
digoxigenin by nick translation to an optimum fragment size
of 200 to 500 base pairs. Lane M: 1 Kb Plus DNA Ladder.
Lane 1: nick translation result of 955¢11. Lane 2: nick

translation result of 910c¢8.



Chapter 3.

Assessment of Genetic Changes
in HCC by Comparative Genomic
Hybridization (CGH)



3.1 Introduction

In this chapter, CGH was used to study the entire tumour genome for regions
of gains and losses in 67 HCC with an aim to identify recurrent genetic changes. A
correlation of identified aberrations with clinical stages, tumour size and serum
alpha-fetal protein levels was carried out. Twelve non-tumourous cirrhotic liver
tissues surrounding the tumours were also analysed by CGH in order to assess

whether gross genetic alterations were also involved in the putative premalignant

tissue.

3.2 Materials and Methods
3.2.1 Patients and Specimens

Tumourous liver tissues were obtained from 67 ethnic Southern Chinese
patients who underwent hepatic resection for curative intent at the Prince of Wales‘
Hospital. All patients were chemotherapy naive. Twelve cirrhotic tissues from the
nontumourous part of the resected specimens were also collected. The clinical
information of HCC patients is listed in Table 3.1. There were 54 male and 13
female patients. The median age was 60 with a range of 30 to 97. Eighty-eight
percent (59/67) of the patients were positive for hepatitis surface B antigen, which
indicated a carrier status of HBV. Eighty-two percent (55/67) of the patients had
underlying liver cirrhosis. Serum alpha fetal protein level (AFP) were raised above
the diagnostic threshold of 500ng/ml in 28% (19/67) of patients.

The HCC were classified according to the tumour/node/metastasis (TNM)
staging criteria (Beahrs ef al., 1993). Three cases (5%) were classified as stage I
(T1NoMo), 53 (79%) as stage II (T,NoMo), and 11 (16%) as stage III (TsNoMp). The

maximal diameter and histological features of the tumours were recorded by
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Table 3.1. The clinical background of 67 HCC patients

Sample No. Age Sex TNM Staging Size (cm) Cirrhosis HBsAg AFP (ng/mL)
HCC 1 41 M T2 22x28 + + <10
HCC2 60 M T2 5x45 + + <10
HCC 3 39 M T2 5x35 + + <10
HCC 4 n M T2 5x42 + + 76
HCC 5 54 M T2 11x7 - + <10
HCC 6 58 M T2 3x3 + + 4788
HCC7 40 F T2 3x25 + + 329
HCC 8 42 M T2 1.2x2 " + 115
HCC 9 46 F T2 13x8 - % 124
HCC 10 66 F T3 15x12 + + 14
HCC 11 66 M T2 11x8 - - 12
HCC 12 64 M T2 45 * + 35
HCC 13 70 F T3 7x75 + + 11
HCC 14 75 M T2 6x25 - - 11
HCC 15 67 M T2 25 + + 439
HCC 16 41 M T2 5 - + 40,000
HCC 17 49 M T2 75x7 + + 309
HCC 18 67 M T2 6 x4.5 + + 38
HCC 19 51 M T2 8.5 .+ - 10
HCC 20 30 F T2 8 x7 + + 3680
HCC 21 69 F T2 8x75 + + 3890
HCC 22 65 M T2 6x5 + + 3267
HCC 23 55 M T3 5.8x53 + k3 307
HCC 24 55 M T2 7x5.5 + + <10
HCC 25 51 M T2 35 + N/A N/A
HCC 26 61 F T2 11x8 + + 40
HCC 27 61 M T2 25x2 + - 233
HCC 28 32 M T2 72x6.5 + b 674
HCC 29 51 M T2 5x3.5 + i 27
HCC 30 53 M T2 6.5x4.5 + + 5462
HCC 31 67 M T2 6x5 + + 30
HCC 32 74 F T2 32x2 + - <10
HCC 33 71 M Tl 2 + + 11
HCC 34 67 F T2 3x1 + + 44
HCC 35 74 F T2 3.6x3 + + 13
HCC 36 60 M T2 11x7 - + 1334
HCC 37 41 M T2 35x3 - + 616
HCC 38 39 M T2 8.5x55 + + 27170
HCC 39 68 M T2 48x45 + + 25
HCC 40 65 M Tl 14x1 + + 2367
HCC 41 mn F T2 6.5x54 + + 10
HCC 42 33 M Tl 2x1.5 + + 1503
HCC 43 97 M T3 4x3 + + 53
HCC 44 60 M T2 26x1.8 + + 308
HCC 45 32 M T2 4x35 + e 8760
HCC 46 65 M T3 24x2 + + 1601
HCC 47 62 M T2 3x2 - . <10
HCC 48 53 M T2 4x3.6 + + 26
HCC 49 66 M T2 8x6.5 + - 40
HCC 50 47 M T3 7 + - 189
HCC 51 46 M T2 6 + K 12
HCC 52 58 M T2 12.8 + i 2320
HCC 53 44 M T2 3x2 + + 146
HCC 54 68 M T2 47 + + 687
HCC 55 38 M T2 3 . . 878
HCC 56 62 M T2 55x4 - + <10
HCC 57 57 M T3 28 + + <10
HCC 58 34 M T3 55x4 + - 13500
HCC 59 63 M T2 9.5x9 - - 69
HCC 60 76 F T2 28x28 - - 661
HCC 61 68 M T2 45 + + 11
HCC 62 61 M T3 1.8 + + 21
HCC 63 57 M T3 24 + + <10
HCC 64 37 M T3 38x4 + + 325
HCC 65 60 M T2 6.4x6.6 + + 136
HCC 66 51 F T2 135 - + 231
HCC 67 34 M T2 3x26 + + 43




experienced pathologists at the Department of Anatomical and Cellular Pathology.
Twenty specimens fell into the category of small tumours (<3 cm) and 47 into large
tumours (>3 cm). Cirrhosis was defined as the presence of complete fibrous septa
separating regenerating nodules. Within the non-tumourous liver parenchyma, an
increase in fibrous tissue alone was not classified as cirrhosis. All tumour specimens
received were first snap-frozen in embedding medium (Tissue-Tek, Elkhart, IN) and
stored at -80°C until use. Tumour DNA was extracted as described in section

2:22.2;

3.2.2 Comparative Genomic Hybridization

CGH was performed according to procedure described in section 2.2.2.
Briefly, biotinylated total tumour DNA and digoxigenin-labeled normal reference
DNA was simultaneously hybridized to normal metaphase spreads in the presence of‘
excess unlabeled human Cot-1 DNA. Fluorescent signals were captured with a
cooled CCD camera and quantitatively analyzed by a digital image analysis software.
The average ratio profiles were calculated based on the analysis of 8 to 10 selected

metaphases.

3.2.3 Statistical Analysis

DNA gains or losses were compared between groups by the two-tailed
unpaired Student’s r-test. A difference was significant when the P value was less
than 0.05. Individual chromosome copy number changes were compared by the

nonparametric chi-square test and considered significant when the P value was less

than 0.05.
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3.3 Results

3.3.1 Overall Copy Number Aberrations in 67 HCC and Surrounding Cirrhotic

Tissues

Complex pattern of genetic aberrations were identified in 63 HCC cases and
no CGH abnormalities were found in the remaining 4 tumours (Fig. 3.1-3.3). The
total number of genetic aberrations per sample was 8.5 + 5.0. The total number of
gains and losses per sample was 4.7 + 2.5 and 3.8 + 3.2 respectively. A remarkably
high incidence of 1q copy number gain was found (72%, 48/67 cases). Other
frequent gains included 8q (48%, 32/67 cases), 20q (37%, 25/67 cases), and 17q
(28%, 19/67 cases). Copy number losses were commonly identified on 4q (43%,
29/67 cases), 13q (39%, 26/67 cases), 8p (37%, 25/67 cases) and 16q (28%, 19/67
cases). High-level gains involving the long arm of chromosome 1 were observed in
20/67 cases (30%). Of particular interest was a novel amplicon between\
chromosome 1q21-q25 was identified in 5§ HCC cases.

No sequence gains or losses were detected in the twelve surrounding cirrhotic

tissues studied.

3.3.2 TNM Staging

The total number of aberrations per tumour in stage T1, T2 and T3 was 9 +
4.6, 8.5 +4.9 and 8.4 + 6.4 respectively (P > 0.86). Average chromosomal gains and
losses were compared between the two major stage groups T2 and T3. Mean copy
number gains in stage T2 and T3 was 4.7 + 2.5 and 3.8 + 3.0 respectively (P = 0.82).
Mean copy number losses in stage T2 and T3 was 4.9 + 2.6 and 3.6 + 4.5 (P = 0.88)

respectively. There were no significant differences for individual chromosomal
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Figure 3.2. Examples of CGH Profiles.

A H37. Losses: 3q25-qter, 5, 9pter-p21, 13q, 15q
Gains: 4pter-q23, 7, 8p, 199,20, X, Y
Amplifications: 1q, 8q, 20q13, Xq22-ter

B H45. Losses: 1p, 2q33-qter, 4, 7q32, 8p, 9p, 13q, 16
Gains: 10,20,Y
Amplifications: 1q, 8q

C H60. Losses: 4q28-qter, 8pter-p11.2, 10pter-q25
Gains: 8q21.3-qter, 20, X
Amplifications: 1q

D H66. Losses: 4, 8pter-p12, 10q22.3-qter, 13q14-qter, 14q
Gains: 7ql1.2, 8p11.2-q13, 8q22-qter, 12q24.1-qter, 17q, 19p
Amplifications:  1q21-25, 19q, 20q13
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Table 3.4. Correlation of genetic aberrations
with elevation in alpha-fetal protein level above
10ng/ml was studied in 62 HCC in which the
AFP levels were available.

P value
+1q 0.942
+8q 1.000
+17q 0.637
+20q 0.583
-4q 0.693
-8p 0.278
-13q 0.983

- 16q 0.715
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aberrations between stage T2 and T3, except for over-representation of 8q which was

more commonly found in stage T2 (P = 0.027) (Table 3.2).

Tumour Size

Chromosomal aberrations were compared between the large (> 3cm) and
small tumours (< 3cm). The total number of aberrations per tumour in large and
small tumours was 9.3 + 5.2 and 6.5 + 4.0 respectively (P = 0.036). The mean copy
number gains were 5.0 + 2.6 in the large tumour group and 3.8 + 1.9 in the small
tumour group (P = 0.072). Mean copy number losses in the large and small tumour
group were 4.3 + 3.4 and 2.7 + 2.6 respectively (P = 0.066). When individual

aberrations were compared, loss on 4q11-q23 was more commonly found in larger

HCC (P = 0.009) (Table 3.3).

3.3.3 Serum AFP Elevation
Individual chromosomal aberrations were tested for correlation with an

elevation of serum AFP above 10ng/ml. No significant correlation was found (Table

3.4).

3.3.4 Chromosomal Aberrations in HCC arising from Cirrhotic and Non-cirrhotic
Livers

The mean number (+SD) of DNA sequence copy changes per tumour in the
cirrhotic and non-cirrhotic groups were 7.4 + 5.3 and 12.8 + 5.0 respectively (P =
0.002). On sub-division into gains and losses, the mean copy number gains were 4.1
+ 2.7 in the cirrhotic group and 7.5 + 2.8 in the non-cirrhotic group (P = 0.0002).

Copy number losses in the cirrhotic group were 3.3 + 3.3 and 5.3 + 2.9 in the non-
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cirrhotic group (P = 0.046). When individual chromosomal aberrations was
considered, gain of 8q (P = 0.001), 20q (P = 0.003) and loss on 4q (P = 0.014) were

more commonly found in the non-cirrhotic group than the cirrhotics (Table 3.5).

3.4 Discussion

Using CGH, we were able to identify a number of consistent and nonrandom
chromosomal aberrations in HCC. Whilst previous karyotypic studies on HCC has
only reported a consistent deletion or rearrangement of chromosome 1p, our findings
not only showed frequent 1q gains, but also common ‘gains of 8q, 17q, 20q, and
losses of 4q, 8p, 13q, 17p. Consistent with our findings (Wong et al., 1999),
Marchio et al. (1997) and Kusano et al. (1999) have also suggested the presence of
these aberrations in HCC. Whilst amplicons at 11q12, 12p11, 14q12 and 19q31.1
reported by Marchio et al. (1997) were not detected, we have identified a novel
amplicon on 1q21-q25. All recurrent gains and losses identified may signify
chromosomal loci for growth control genes crucial to the initiation and /or

progression of HCC.

3.4.1 Recurrent Gains
Iq

In this study, gain of chromosome 1q was found in 72% (48/67 cases) of the
tumours examined. High-level gain of regional or whole g-arm of chromosome 1
was also observed in 20 of 48 (42%) of HCC that showed 1q copy gain. Our finding
of a novel amplicon at 1q21-q25 further implicates that proto-oncogenes important in
the pathogenesis of HCC may reside on the long arm of chromosome 1. CGH

studies on soft tissue sarcomas and osteosarcoma have also reported the presence of a
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recurring 1q21-q22 amplicon (Forus et al., 1995, Tirkkonen et al., 1995).
Characterisation of this amplicon showed that FLG, SPRR2A4, S10046 and S10042
genes, located in 1q21, were amplified in human sarcomas (Forus et al., 1998).
Another gene in 1q21-q22, MUCI, coding for the epithelial tumour-associated

antigen mucin 1, was also found to be amplified in some breast cancers (Bieche and

Lidereau, 1997).

8q

Amplification of the long arm of chromosome 8 is common in a variety of
solid tumours (Zitzelsberger et al., 1997). In the present study, we detected 8q gain
in 40% of HCC. The gain of 8q material may be related to an increased gene dosage
of the c-myc proto-oncogene, which is located at 8q24. A previous study using a
polymorphic marker for c-myc showed that the proto-oncogene was multiplied 2- to
6-fold in 44% of the informative HCC (Fujiwara er al., 1993). As a gain of the
whole chromosome 8q is often observed, one or more putative proto-oncogenes other

than c-myc are likely.

20q

Chromosome 20q over-representation has not been described previously in
HCC but is common in other solid tumours (Knuutila et al., 1998). Our results
showed frequent low-level gain of 20q and high-level amplification of 20q13 in 37%
of HCC cases. Studies on bladder cancer have shown that low-level 20q was
associated with overcoming cellular senescence, which in turn enabled surviving
cells to accumulate multiple genetic alterations (Schlegel ef al., 1995, Reznikoff ef

al., 1996). In breast cancer, the amplified region in 20q is known to harbour specific
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genes. AIBI, a steroid receptor co-activator, and BTAK, a serine/threonine kinase,
have been shown to be amplified and over-expressed in breast cancer (Anzick ef al.,
1997). Another candidate gene is MYBI2, which is located at 20q13, encodes a
transcription factor and plays an important role in cell cycle progression (Noben-

Trauth et al., 1996). The role of these genes in the liver carcinogenesis remains to be

verified.

3.4.2 Recurrent Losses
4q

Under-representation of 4q is the most frequent loss (40%) in the 67 HCC
studied and is more commonly found in the non-cirrthotic HCC. Loss of
chromosome 4q is uncommon in other human cancers but frequent LOH has been
reported in HCC (52% to 73%) (Nagai et al., 1997; Piao et al., 1998). Tumour
suppressor(s) specifically associated with HCC development have hence been
implicated in this chromosomal region. Several studies have defined the minimal
deleted region on chromosome 4q to 4q11-12 (Buetow et al., 1989), 4q12-q23 (Yeh
et al., 1996), 4q22-q24 and 4q35 (Nagai ef al., 1997). Since genes encoding growth
factors or genes expressed predominantly in the liver such as albumin, alcohol
dehydrogenase (ADH3), fibrinogen and UDP-glucuronyl-transferase are located at
chromosome 4q, the deletion of this region might have profoundly alter cell growth

conditions and hepatocyte functions (Nagai et al., 1997).
8p

A frequent loss of chromosome 8p accompanied with a gain of 8q was

detected (54%, 15 of 28 HCC cases with 8q gain). This may be suggestive of the
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respective 8q iso-chromosome formation. Such chromosomal rearrangement has
been observed in karyotypic analysis of an HCC (Lowichik et al., 1996). Loss of
heterozygosity on 8p is common in HCC and other human cancers like breast,
colorectal, prostate and non-small cell lung cancers (Boige et al., 1997; Emi et al.,
1992, Bova et al., 1993, Macoska et al., 1995). Further to the comprehensive
allelotype study on HCC, Pineau et al. (1999) refine LOH on 8p to three minimal
deleted areas: a 13cM region in the distal part of 8p21, a 9 cM area in the more
proximal portion of 8p22 and a 5 cM area in 8p23. This in turn suggested that there
were at least three novel tumour suppressor loci on 8p being involved in the HCC

development.

13q

We detected loss of chromosome 13q in 39% of the 67 HCC. The
retinoblastoma gene Rb, located at 13q14 may be a tumour suppressor gene involved.
However, Zhang et al. (1994) detected somatic mutation of the Rb gene in only two
of 13 HCC that displayed LOH of 13q or deficient Rb protein expression. Deletion
mapping on 13q suggested BRCA2 located on 13ql2-13 to be another tumour
suppressor involved in HCC (Kuroki ef al., 1995). Nevertheless, subsequent studies
found mutations of BRCA2 in only three of the 60 HCC examined (Katagiri ef al.,
1996). Despite the low mutation rate, it is possible that these tumour suppressor

genes are inactivated by epigenetic alteration such as hypermethylation, rather than

somatic mutation.
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3.4.3 Tumour Progression

Cirrhosis is considered as the final common response of liver to various
insults, including chronic hepatitis B and C infection, and excessive alcoholic
consumption. It is also regarded as the premalignant state that preceded HCC. The
analysis of 12 surrounding cirrhotic livers by CGH suggested no gross gains or losses
of DNA sequence copy number. Consistent with our findings, Kusano et al. (1999)
has also found no chromosomal aberrations in surrounding cirrhotic tissues of HCC.
Although no CGH alterations can be detected in the surrounding cirrhotic tissues, the
presence of mutations and/or small regional alterations cannot be ruled out. Our
study showed a significantly smaller total number of genetic aberrations in the
cirrhosis-associated HCC compared with those without underlying cirrhosis. This
may suggest that, although gross genotypic changes may not be present at the
cirrhotic stage, the state of cirrhosis may increase the susceptibility of the normal
hepatocytes to malignant transformation so that fewer genetic aberrations are
required for tumour development. In addition, gains of 8q (100%) and 20q (75%)
and loss of 4q (75%) were observed to be more frequent in noncirrhotic than
cirthotic HCC. This may be suggestive of these aberrations to be essential in the
transformation of noncirrhotic liver to HCC, and providing the hepatocytes with
proliferative stimulation and growth advantages.

Genetic alterations detected by CGH were correlated with clinical staging,
tumour size and the presence of underlying cirrhosis. The pattern of genetic
alterations between 53 cases of T2 and 11 cases of T3, showed no significant
difference except a higher incidence of 8q gain in stage T2. This raised incidence
could be explained by the fact that all noncirrhotic HCC cases studied fell within the

T2 stage. However, we found that tumours greater than 3cm showed significantly
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more aberrations than tumours smaller than 3cm. This supports that tumour size
rather than TNM classification to be the better prognostic parameter for HCC. A
higher incidence of 4q11-g23 loss in larger tumours found in this study suggested the
presence of tumour suppressor gene(s) in this chromosomal locus, which might

confer growth advantage in HCC progression.

3.5 Conclusion

CGH analysis on 67 HCC revealed a number of non-random chromosomal
aberrations. These genetic aberrations are representative of HCC from Southern
Chinese patients with prevalent HBV infection and underlying cirrhosis. A high
frequency of 1q gain together with the identification of a novel amplicon at 1q21-q25
suggests a chromosomal region for further characterisation of gene(s) important in
HCC development. The finding of loss of 4ql11-q21 in large tumours (> 3 cm)
suggested that this region may harbour a tumour suppressor that favours HCC
progression. Besides, a consistent 8q gain in non-cirrhotic HCC in comparison to
HCC arising from cirrhotic livers strongly suggested an essential role of genes
residing on this chromosomal arm in the transformation of normal hepatocytes to
malignant HCC. Although CGH did not reveal any aberrations in surrounding
cirrhotic liver tissues, the smaller number of chromosomal aberrations in cirrhotic

HCC than non-cirrhotic HCC suggests a role of underlying cirrhosis in enhancing

HCC development.
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Chapter 4.

Positional Mapping of a Novel
Amplicon on Chromosome 1q21-q25
by Interphase Cytogenetics



4.1 Introduction

In Chapter 3, CGH study on HCC cases indicated the presence of an intense
green signal hybridization (tumour DNA) below the heterochromatic region of
chromosome 1 in 5 cases. The corresponding profile obtained suggested an
approximate 2-fold gain (Fig. 4.1). This region of intense hybridization observed,
1q21-q25, was hence referred to as an ‘amplicon’ by criteria set forth in Materials &
Methods, Chapter 2, Section 2.2.2.9. Since no putative oncogenes have been
reported in this region, we have therefore undertaken a FISH study to further
characterize this amplicon. Interphase FISH analysis on paraffin-embedded tissue
sections was chosen over Southern blot or microsatellite analysis because of its
higher sensitivity in detecting 1-2 fold copy number gain. Besides, FISH study on
tissue sections has the advantage of histological correlation, thus allowing non-
malignant stromal cells and inflammatory cells to be excluded from the analysis.
The counting of FISH signals on a cell-by-cell basis can also allow intratumoural
heterogeneity to be assessed at the same time.

Among the various sources of unique human DNA sequences, yeast artificial
chromosomes are deemed most appropriate in this experiment. The large insert size
of YAC can ensure maximum labeling so that intense FISH signals can be obtained.
In this chapter, five YACs were chosen at approximately 10Mbp apart between
1g21-q25 to fine map this region on a locus-by-locus basis. These YACs were
applied onto the corresponding paraffin-embedded formalin-fixed tissue sections of

the five HCC patients that displayed regional 1q21-q25 gains by CGH.
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4.2 Materials

HCC cases H20, H21, H50, H58 and H66 showed 1q21-25 gain by CGH
analysis. The corresponding archival paraffin-embedded formalin-fixed tissue
sections of these patients were kindly provided by Prof C.T. Liew, Department of
Anatomical and Cellular Pathology of the Prince of Wales Hospital (Fig. 4.2).

CEPH mega-YAC clones (Albertsen et al., 1990) were selected with
reference to physical mapping data in the Whitehead institute/Massachusetts Institute
of Technology Genome Centre database (http://www.genome.wi.mit.edu) and Centre
d’Etudes  du  Polymorphisme humain (CEPH) infoclone  program
(http://www.cephb.fr/infoclone.html). The relative positions of the YACs were
determined according to their sequence tagged site (STS) content and data in the
contig WC1.16 (http://www-genome.wi.mit.edu). Potential YAC chimerisms were
evaluated using data on STS content of YAC and hybridization of YAC A/u-PCR’
products against other members of the YAC libraries. Finally, five YAC clones
(955_e_11, 910_c_8, 935_b_12, 757_a_7 and 964_h_4) spaced by approximately
10cM on chromosome 1q21-25 were obtained from Research Genetics (Huntsville
AL, USA) and YAC Screening Centre in Italy (Fig. 4.3). The YAC clone 7152_e 3,
which is mapped to 1p31, is included as the reference probe to distinguish genuine

local DNA amplification from overall ploidy state changes.

4.3 Methods
4.3.1 Preparation of Paraffin-embedded Tissue Sections
Paraffin-embedded tissue sections ranging from five to twenty microns were

evaluated. Ten microns was found to be the optimum thickness for best nuclei
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morphology with minimal overlapping. Consecutive 10um sections mounted on 3-

aminopropyltriethoxylsilane coated slides were therefore used in interphase study.

4.3.2 Verification of YAC Probes for Chimerism
The chromosomal location of YAC and the presence of chimerisms are
verified by metaphase FISH before use (see section 2.3.3.3). Examples of the

metaphase FISH images are depicted in Fig. 4.4,

4.3.3 Hybridization Efficiency of Test and Reference Probes

To minimize interference from yeast DNA sequences, human DNA contained
in YAC were first enriched by inter-A/u PCR (see section 2.3.3.4). The inter-Alu
PCR products were then labeled with biotin (test probes) and digoxigenin (reference
probes) by nick translation to optimal fragment lengths of 200 to 500 base pairs. The
labeled DNA was ethanol precipitated in excess human Cot-1 DNA and resuspended
in Hybrisol VII. To ensure a similar hybridization efficiency of test and reference
probes, differentially labeled test and reference probes were cohybridized onto
normal lymphocytes.  Digoxigenin-labeled DNA was detected with green-
fluorescence (sheep anti-FITC) while biotin was visualised with red-fluorescence
(avidin Texas Red). The number of nuclei that showed equal number of green and
red signals was scored. Co-hybridization efficiency of test and reference probes

employed was determined to be 80-90%.
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Figure 4.2. Haematoxylin and Eosin (H&E)
Staining Showing the Morphology of

the 5 HCC Cases Under Light Microscopy.

A. H20 (40x), well-differentiated HCC;

B. H21 (40x), moderately differentiated HCC;
C. H50 (10x), poorly differentiated HCC;

D. H58 (40x), well-differentiated HCC;

E. H66 (40x), well-differentiated HCC.
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Figure 4.3. Map Locations for YAC Clones






Figure 4.4. Metaphase FISH

of 6 YACs. The total yeast DNA

is extracted and labeled with
digoxigenin. FISH signals are
shown as green spots (indicated by
arrows) on the corresponding
chromosome locations or interphase
nuclei. A.752e3; B. 955ell;
C.910c8; D. 935b12; E. 757a7;

F. 964h4.



4.3.4 Slide Pretreatment and FISH with YAC Probes

Tissue sections were dewaxed in three changes of xylene at 37°C for 1 hour
each and dehydrated twice in methanol for 5 minutes. After treatment in 1M sodium
thiocyanate at 80°C for 20 minutes, the tissue sections were digested with pepsin
(Img/ml to 2mg/ml in 0.2M HCI) for 20 to 30 minutes to remove cytoplasmic and
nuclear proteins. This was followed by RNase treatment (200pg/ml in 2xSSC) at
37°C for 30 minute before heated in a microwave oven at low power (600 Watts) for
15 minutes. Nuclei DNA was denatured in 70% formamide/2xSSC at 72°C for 5
minutes and dehydrated in a cold ethanol series of 70%, 80% and 100%. After
incubation at 37°C for 5 minutes, 300ng each of biotin-labeled test probe and
digoxigenin-labeled reference probe were co-hybridized onto the pretreated tissue
section. After an overnight incubation at 37°C, tissue section was washed in 40%
formamide/1xSSC (pH 7.0) at 40°C for 5 minutes. Section was then blocked withN
3% Marvel/4xSSC/0.1%Tween (pH 7.0). Fluorescent signals were developed by
incubating the hybridized section in the following order of antibody layers, each for
30 minutes at 37°C (i) Avidin Texas Red and sheep anti-Dig FITC (ii) Goat
biotinylated anti-avidin D (iii) Avidin Texas Red and anti-sheep IgG FITC. Nuclei
were finally counterstained with 0.4pg/ml 4,6-diamino-2-phenylindole (DAPI) in an

antifade solution.

4.3.5 Scoring of FISH Signals

Interphase FISH analysis was evaluated using Leitz DM RB (Leica, Wetzlar,
Germany) fluorescence microscope. The whole tissue section was evaluated for
areas of good hybridization. A total of 200 to 300 nuclei were scored by two

independent observers and the following guidelines were employed:

88



1. To avoid misinterpretation due to inefficient hybridization, slides were analysed
only when the hybridization efficiency was greater than 90%.
2. Only non-overlapping nuclei with well-defined nuclear outlines were scored.
Damaged nuclei were disregarded.
3. The focal plane of the microscope was adjusted constantly so that signals
hybridized at all planes of the nucleus were included.
Relative copy number changes for the g-arm probes were calculated by

dividing the signal scored for the g-arm probes by that of the p-arm reference probe.

4.4 Results
4.4.1 Relative Copy Number Gain

There was an increased g-arm copy number relative to the p-arm probe in all
HCC cases studied except for three loci in H66 (Fig. 4.5).
Case H20 the g/p-arm ratio was between 1.8 and 1.9 for YACs 910 c 8,
935 b 12,757 a_7 and 964_h_4, and rose to 2.2 for 955 e 1 1 (Fig. 4.5A).
Case H21 the q/p-arm ratio ranged between 1.18 and 1.34 but gave a highest
peak of 1.92 at 955_e_11 (Fig. 4.5B).
Case H50 similar to case H21, the q/p-arm ratio ranged between 1.47 and 1.79
and gave a peak of 2.14 at 955 e 11 (Fig. 4.5C).
Case H58 the q/p-arm ratio showed a steady increase from 1.75 at 964 h 4 to
1.91 at 955_e_11 (Fig. 4.5D).
Case H66 the q/p-arm ratio was 1.0 for YACs 935_b_12, 757 a_7 and 964 h 4

but increase sharply to 2.67 and 3.43 at 910_c_8 and 955_e 11 respectively (Fig.
4.5E).
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In all five HCC cases studied, 955 e 11 was the chromosomal locus that

consistently displayed the highest level of copy number gain.

4.4.2 Intratumour Heterogeneity

There was considerable heterogeneity among the nuclei examined. As
indicated by the number of p-arm signals, the 5 HCC cases contained mainly
disomies, trisomies and tetrasomies, but also pentasomies and octasomies.
Heptasomies were only rarely detected. Disomic, trisomic and polysomic g-arm
signals per nucleus were observed (Fig. 4.6 & 4.7). H66 showed a remarkable shift
in signal distribution from a population with equal p- and g-arm signals for YACs
935 b 12, 757 _a_7 and 964 h_4 to YAC 955 _e_ 11 and 910_c_8 that displayed
more than 2.5-fold increase (Fig. 4.7E). This clearly delineates the amplicon
boundary in H66 to between 910 c 8 and 935 _b_12. A similar shift in signal®
distribution, though less prominent, was also in cases H20 and H21 which presented
the highest q/p ratio for YAC 955_e_11. In case H50, clustering of test signals in
small subpopulation could be detected for 955_e 11, 910_c_8 and 935_b_12 (Fig.

4.6G-H).

4.5 Discussion

In this study, our CGH finding of the regional gain, 1q21-q25, below the
heterochromatic region of chromosome 1 in 5 cases of HCC, H20, H21, H50, H58
and H66, was confirmed by FISH positional mapping. Our results also demonstrated
.the presence of intratumour heterogeneity in DNA ploidy in HCC. Hepatocytes of
disomies, trisomies, up to heptasomies could be found in the 5 HCC cases studied. It

is thought that genetic instability of tumour cells and the selection pressure of the
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Figure 4.5. Relative copy number changes in five chromosomal loci on 1q21-q25
represented by the YAC clones. Most of the DNA copy number changes were below
2. 955el1 was the chromosomal locus that consistently displayed the highest copy
number gains in the S HCC. A: H20; B: H21; C: H50; D: H58; E: H66.



Figure 4.6. Examples of Dual-colour FISH Results Obtained in the Five HCC Cases.
The test signals and the reference signals are shown in red and green respectively.

A 955ell, case H66; B 964h4, case H66; C 935b12, case H21; D 964h4, case
H20; E 955el1, case H20; F 955el1, case H58; G 955el1, case H50; H 910c8,
case H50; I 935b12, case H50. A 955e11 showed more than 3-fold increase in
relative copy number in case H66. The signals were distributed across the nuclei. B
964h4 in case H66, however showed equal number of test and reference signals in
the majority of nuclei scored. C-E Intratumour heterogeneity. Nuclei showing
different number of test signals within the same tumour. In D, nuclei on the upper
left showed three green and six red signals, while three green and red signals were
shown in nuclei on the upper right. F Nuclei showed a 2-fold amplification of
955el1 in case 16556. Nuclei on the left showed three green signals and six red
signals. G-I Clustering of test signals for 955e11, 910c8 and 964h4 in case H50. G:
955el11; H: 910c8; I: 964h4. The clustered arrangement of signals is suggested of

intrachromosomal duplication of DNA sequences.












Figure 4.7. Frequency Histograms of Dual-colour FISH Results. A total of 200 to
300 nuclei were scored. The x-axis and y-axis represents the number of reference
and test signals scored per nuclei respectively. The number of nuclei showing a
combination of reference and test signals was then represented as a percentage of the
total number of nuclei scored in the z-axis (shown as colour blocks). Intratumour
heterogeneity can be recognized from the wide signal distribution in the histogram.
A: H20, B: H21, C: H50, D: HS8, E: H66.
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growth environment (e.g., immune surveillance of the host, stromal or growth factor
interactions, nutritional deficiencies, or hypoxia) favour the generation and
subsequent selection of subclones of different ploidy state (Kuukasjarvi et al., 1997).
The selection and outgrowth of the more autonomous cells will then dominate in the
population and lead to progression of the tumour to increasing malignancy. In the
study of DNA ploidy heterogeneity in early and advanced gastric cancers, Fujimaki
et al. (1996) also found that variation in DNA ploidy rather than presence of DNA
aneuploidy correlated with progression of gastric cancer. If this observation applied
to HCC, case H50 having a more diversified ploidy state, would be more likely to
progress to an advanced stage.

Intratumoural signal heterogeneity was also observed in all 5 HCC studied.
This implied the presence of clonal differences in the amplification status (Fig. 4.6).
The clonal diversity observed was likely derived from the genetic instability of HCC
cells that was enforced by the presence of host selection pressures from different
microenvironments. In case H50, we were able to detect subpopulations of nuclei
with highly amplified YAC 955ell, 910c8 and 935bl2. The observation of
clustered signals would be suggestive of intrachromosomal duplication of DNA
sequences (homogeneously staining regions) rather than extrachromosomal
amplification (double minutes). Such clonal diversity and clustering subpopulations
would have been undetected by Southern blot and microsatellite analysis.

The chromosomal locus, 1q21.1, represented by 955 _e_11 was the most
amplified probe of the five YACs studied, and probably represented the core of the
amplicon. A relative copy number gain of 1.9 to 3.4 copies of 955_e_11 was found.

Whilst high-level amplification (> 10-fold) of chromosomal material is thought to
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contribute to oncogene over-expression, the role of a low-level copy gain in the liver
tumourigenesis remained unclear.

A possible mechanism underlying the low-level chromosome gain in renal
carcinogenesis was recently proposed by Zhuang er al. (1998). In hereditary
papillary renal carcinomas (HPRC), trisomy 7 and germline mutation of the MET
gene (7q31) are commonly found in tumours of these patients. The relationship
between the two however is uncertain. By performing duplex PCR in 16 HPRC
tumours that displayed both trisomy 7 and germline MET mutation, Zhang et al.
detected the mutant MET gene in the duplicated chromosome 7 in all 16 tumours. It
was therefore suggested that the tumourigenesis of HPRC might be initiated by a
germline MET mutation, followed by a duplication of the mutated allele as a ‘second
activating hit’. Although no proto-oncogene has been implied on 1q21-g25 thus far,
a similar mechanism of oncogene activation in the hepatocarcinogenesis cannot be
ruled out since 1q copy number gain is frequent in HCC (Chapter 3).

Recent genetic mapping data showed that 955_e 11 lies in a large genomic
region at 1q21 called the epidermal differentiation complex (EDC). EDC is one of
the most gene-dense regions in the human genome. It contains three families of
genes encoding proteins involved in the process of terminal differentiation of human
epidermis, namely the cell envelope (CE) precursor proteins, the filament-associated
proteins, and the S100A calcium-binding proteins (Marenholz et al., 1996). It has
been suggested that genes belonging to the same family evolved from a common
ancestor by gene duplication mechanism (Lioumi et al., 1998). Forus et al. (1998)
have shown that the EDC genes including SPRR3, SPRR2A, S100A6 and S10042
were highly amplified in human sarcomas. Although an increased expression of

S§100A46 has been implicated in tumour progression and metastasis (Engelkamp ef al.,
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1993), the role of EDC genes in the development of HCC however remained to be
verified.

A novel gene human JTB (Jumping Translocation Breakpoint) was recently
cloned (Hatakeyama et al., 1999) and mapped within the EDC region in 955 e 11.
HJTB however was not involved in epidermal differentiation when the expression
pattern was considered. Interestingly, it was found that the region distal to the hJTB
breakpoint was amplified to about 2.18-fold in tumour cells when compared to the
normal cells. It is therefore possible that in HCC a breakpoint in the hJTB gene may
have resulted in regional duplication of 1q21-g25 or a copy number gain in the whole
long arm of chromosome 1.

In conclusion, by interphase FISH analysis, we have confirmed the presence
of regional copy number gain on chromosome 1q21-q25. The amplicon core was
also confined to 1q21.1. The YAC 955_e 11 defining the region of highest copy
number increase should provide basis for further positional cloning of gene(s) that

may be relevant to the development of HCC.
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4.6 Further Studies
4.6.1 Fine Mapping of Chromosomal Region 1q21

Although the most amplified YAC identified in the amplicon 1q21-q25 was
955_e_11, it was not clear whether this YAC has the highest amplification, or that
there were other amplified regions in the vicinity of 955_e 11. Therefore, further
interphase FISH studies could be carried out to verify the amplification status of the
region between the heterochromatic region (1ql2) and 955 e 11, and region

between 955 e 11 (1q21.1) and 910 ¢ 8 (1q21).
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Figure 4.8. Further Interphase FISH studies to be done to verify the
amplification status of the chromosome region between the heterochromatic

region and 955e11, and region between 955e11 and 910c8.
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4.6.2 Isolation of Novel Genes in the Amplicon

Once an amplified YAC is identified, it can be used to capture cDNAs by
direct selection from a cDNA library constructed from the liver tumour that showed
the highest corresponding level of YAC amplification (Elvin et al., 1990). The
differential expression of captured cDNA in normal and tumourous tissue will be
first confirmed by Northern blotting. The overexpressed cDNA clones will then be
sequenced and assessed for sequence homology with the database from the GenBank
and EMBL using the online NCBI BLAST similarity program. It is probable that the
cDNA identified may represent transcripts encoding proteins involved in apoptosis,
cell cycle progression while functional studies on novel gene would verify its role in

HCC pathogenesis.
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