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GENERAL INTRODUCTION






CHAPTER 1

1.1 CLINICAL ASPECTS OF UVEAL MELANOMA

1.1.1 Epidemiology

Melanocytic tumours are believed to arise from the neural crest-derived melanocytes.
Five to twelve percent of all melanomas are located in the eye, making it, after the skin,
the second most common site of melanomas (Egan et al., 1988; Chang et al.,, 1998).
Uveal melanoma is the most common form of primary eye cancer in aduls, affecting
approximately 7 per million people in the Western world each year (Egan et al., 1928),
In persons over 20 vears of age, melanoma is the reported diagnosis in 80% of all
primary intraocular cancers. Most uveal melanomas are located in the ciliary body
and/or the choroid (23% and 72%, respectively), whereas iris melanomas account for
only 2 small percentage of these tumours (5%} (Yanoff and Fine, 1989). The majority of
iris melanomas consist of non-metastasising lesions and will not be discussed in this
thesis.

Although less than 2% of uveal melanoma patients have clinically detectable metastases
at presentation, 50% of all patients ultimately die of metastases, predominantly located
in the liver. The median survival time after discovery of the primary tumour is 6.5 years
{McLean, 1993), and peaks between the second and the fourth year (Zimmerman et al.,
1978). The 5, 10 and 15 year survival rates based on tumour related mortality are 72%,
59% and b3% respectively (Gamel et al., 1993; McLean and Gamel, 1998). As of yet, no
effective treatment is available once metastatic disease has developed and the survival
time after its diagnosis is Itmited to two to seven months (Seddon et al., 1983; Kath et
al., 1993).

1.1.2 Therapy

Until recently, the standard therapy for uveal melanomas was enucleation of the
tumour-containing eye. In the last three decades, a wend towards conservative
treatment modalities has evolved. It has now become the first choice of treatment. The
treatment the patient receives is based on specific findings with regard to tumour
characteristics, visual acuity of the contralateral eye, the wishes and general health of
the patient and the professional opinion of the ophthaimologist. Melanomas, greater
than 12 mm in thickness and 16 mm in diameter, are generally treated with
enucleation. Small and medium sized uveal melanomas {less than 12 mm thick and a
largest basal diameter under 16 mm) can be treated with radiation therapy (proton
beam, brachytherapy with or without transpupillary thermotherapy or stereotactic
radiotherapy) and enucleation, or it can be decided to simply observe the tumour for
further growth. The most effective treatment for these small and medium sized
melanomas remains under discussion.

Currently, metastatic uveal melanoma is considered to be an incurable disease. As is
reviewed by Woll (Woll et al., 1999), most clinical trials studying the impact of systemic
therapy on metastatic uveal melanoma used only a limited number of patients and
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CHAPTER 1

therefore. a clear~ut statement of drug efficacy is difficult to make. However, patients
with metastatic disease limited to the liver may benefit from chemo-embolisation with
cisplatin, intra-arterial administration of carboplatin and fotemustine or hyperthermic
perfusion with tumour necrosis factor (TNF) plus melphalan (Cantore et al., 1994;
Bedikian et al., 1995; Leyvraz et al.,, 1997; Alexander et al., 1998). The ocular oncology
groups of the European Organisation of Research and Treatment of Cancer (EORTC)
are currently studying the effects of ad juvans therapies and new treatment protocols for
metastatic uveal melanoma. In selected patients with solitary metastases, surgical

excision has been reported to yield long-lasting control of local disease (Aoyama et al.,
2000).

1.1.3 Predisposing factors

Certain conditions may predispose patients to uveal melanoma. Individuals wich light
coloured eyes, for example, have been found to be at greater risk for uveal melanoma
than those with brown eyes (Gallagher et al., 1985: Tucker et al., 1985). Ulraviolet light
(UV) exposure has also been suggested to increase the risk of uveal melanoma (Tucker
et al.,, 1985; Holly et al., 1990). However, some investigators have found no increase of
the incidence of uveal melanoma in the Jast 40 years. This is in contrast to cutaneous
melanoma whose occurrence increased and with which a clear association between UV
has been demonstrated. Also, no higher incidence in the most light-exposed areas of the
eye was observed (Dolin et al., 1994; Delin and johnson, 1994; Schwartz et al., 1997)
although a recent publication of Li et al. suggests a correlation between patterns of
tumour initiation and solar light on the retinal sphere (Li et al,, 2000). On a molecular
level, no evidence has been found which supports the role of UV exposure in the
development of uveal melanoma, i.e. no N-ras mutations have been discovered in uveal
melanoma, in contrast to cutaneous melanoma (Mooy et al., 1991). Therefore, the
association of UV and uveal melanoma remains controversial. Other predisposing
factors may be ethnic background, as white individuals have an 8 times higher risk of
developing uveal melanoma than individuals of African descent, and a three times
higher risk than Asians (Woll et al., 1999). However, since ethnic background is
correlated to eye colour, it remains unclear if both parameters are independent
markers, Furthermore, factors such as socio-economic status, smoking and occupation
have been postulated as to having an effect, but a causative agent has yet to be
recognised.

A condition, which is known to increase the risk of uveal melanoma, is the oculodermal
melanocytosis, also known as the nevus of Ota. Dysplastic nevus syndrome (DNS),
neurofibromatosis, Li-Fraumeni syndrome and the BRCA2 linked breast and ovarian
cancer syndrome have also been suggested to be associated with uveal melanoma.
Oculodermal melanocytosis is a congenital condition characterised by
hyperpigmentation of the episclera. uvea and ipsilateral eyelid or the scalp. Although
only 2% or less of all uveal melanomas are linked to oculodermal melanocytosis, the
correfation between the two is well recognised (Gonder et al,, 1982). It is estimated that
oculodermal melanocytosis occurs approximately 33 times more often in uveal
melanoma patients than in the normal population. In our study population of 80 uveal
melanoma patients we found one patient with concurrent oculedermal melanocytosis
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and uveal melanoma. This individual had a chromosome 9p21 deletion, suggesting the
involvement of the p16™"* gene (see chapter 1.2.2 and 8).

Individuals with DNS are known to be at increased risk of developing cutaneous
melanoma and are frequently observed in familial melanoma kindreds. Uveal and
conjunctival nevi both occur more commonly in patients with DNS and in patients
with uveal melanoma more dysplastic nevi and cutaneous melanoma are observed than
expected in the general population (Bataille et al., 1995; van Hees et al., 1998).

Another condition possibly associated with uveal melanoma is neurofibromatosis type 1
{(Specht and Smith, 1988; Antle et al., 1990). This autosomal dominant multisystem
disorder affects neural crest derived cells and causes an excess of melanocytes. However,
within in our database containing more than 700 uveal melagoma patients, no patient
suffering from neurofibromatosis type 1 was observed.

BRCA2 (hereditary breast and ovarian cancer gene type 2) linked breast and ovarian
cancer has been theorised to be associated with uveal melanoma (Easton et al., 1997).
Sinilnikova et al. investigated a series of 62 ocular melanoma patients with a family
history of ocular melanoma or a family or personal history of breast and ovarian
cancer. In 3 of their cases germline murations in BRCA2 were detected to be likely
associated with the cancer syndrome (Sinilnikova et al., 1999): two of these patients had
a personal history of breast cancer and one had multiple relatives affected with breast
cancer and ocular melanoma.

Furthermore, the autosomal dominant Li-Fraumeni syndrome predisposes patients to
soft tissue sarcoma, brain tumours, leukemia, breast and other cancers. The presence of
breast carcinoma in a family with uveal melanoma suggests the association between the
Li-Fraumeni and uveal melanoma (Jay and McCartney, 1993}, However, it remains
unestablished whether this family is a2 true Li-Fraumeni family since no mutation
analyses were performed.

1.1.4 Prognostic factors

Research on uveal melanoma has mainly been concentrated on the identification of
prognostic factors for development metastatic disease . These prognostic factors can be
subdivided into clinical, histopathological and genetic parameters.

Clinical markers predicting tumour growth and metastases in small uveal melanoma are
described by Shields et al (Shields et al., 1995; Shields et al,, 2000). A mnemonic, To
Find Small Ocular Melanoma, was constructed to assist clinicians in detecting early
choroidal melanoma. These factors for growth include: Thickness larger than 2 mm,
subretinal Fluid, Symptoms, Orange pigment and Margin at the disc. Risk factors for
metastases were analogous to those of tumour growth: thickness larger than 2 mm,
location at the optic disc, symptoms and demonstrated growth. Additional clinical
prognostic pararmeters include tumour margins anterior to the equator of the eye
(Seddon et al., 1983), older age, the male gender (Folberg et al,, 1993: Luyten et al.,
1995) and tumour-induced glaucoma (Coleman et al., 1993).

The most consistent of the histopathological markers is the largest tumour diameter, in
particular, the diameter which is in contact with the sclera {reviewed by Mooy and De
Jong, 1996). Furthermore, an association between scleral invasion (Seddon et al,, 1983),
the standard deviation of the nuclear area (Coleman et al, 1996) and the presence of

13



CHAPTER 1

epithelioid cells (Seddon et al.. 1983; Coleman et al., 1993) with the outcome of the
patient has been described. In the early nineties, Folberg et al. (Folberg et al., 1993)
suggested that the presence of vascular networks, defined as at least three back to back
closed vascular loops, is strongly assoclated with fatal metastatic melanoma. The
relevance of this prognostic marker was also confirmed by others (McLean et al., 1997;
Makitie et al., 1999). Furthermore, it was demonstrated that patients had a better
survival if their tumour did not express HLA class 1 (Blom et al, 1997). Other
histopathological markers have also been suggested in isolated reports, such as the
expression of epidermal growth factor receptors (Hurks et al., 2000), the expression of
the cell adhesion factors ICAM (intercellular cell adhesion molecule) (Anastassiou et al.,
2000) and NCAM (neural cell adhesion molecule) (Mooy et al., 1995) and cyclin D1
{Coupland et al., 2000). However, the independent value of these parameters has vet to
be confirmed and evaluated in larger studies. These factors all seem to correlate with
the outcome of uveal melanoma patients. Nevertheless, predicting the outcome for an
individual patient still remains difficult.

In 1996, it was shown that loss of chromosome 3, in comparison to tumour location or
mmour diameter, is a more reliable prognostic parameter for decreased relapsefree
and overall survival (Prescher er al., 1996). The chromosomal abnormalities and the
prognostic relevance will be further discussed in paragraph 1.2.1 and chapter 2.

1.1.5 Fine needle aspiration biopsy

Uveal melanoma is an exceptional mmour in which the type of trearment is based
solely on clinical judgement, without requiring a histopathological diagnosis. In most
cases, this diagnosis can be reliably made based on the clinical findings, but more
atypical cases challenge an accurate diagnosis. In these cases confirmation of the
diagnosis using cytology is advised.

The first needle biopsies on solid ophthalmic tumours were performed in the laie 19th
and early 20th century. In the late 1950s, occasional reporwss of wveal melanoma
diagnosed with 20 to 24 gauge necedle biopsies were published (Veasey., 1951;
Kauffman, 1952; Long et al., 1953; Makley Jr., 1967). However, the use of these large
needles resulted in unacceptable morbidity and local tumour seeding, leading the
technique to be abandoned in most centre: by the end of the decade (Jemsen and
Andersen, 1959). Jakobiec er al. reintroduced the use of needle biopsies for solid
intraocular tumours in 1979, by reporting on six cases examined by fine needle
aspiration biopsies (FNABs) (Jakobiec et al,, 1979). The FNAB method using 25 gauge
needles and, in particolar, the transvitreal biopsies have now proven to be safe and
useful in diagnosing uveal melanoma. No severe ocular morbidity or tumour spread
has been demonstrated using this technique (Glasgow et al., 1988; Shields et al., 1993;
Char et al., 1996).

In cases of irradiation, no tumour tissue is available for histopathological evaluatien.
Most clinical prognostic markers can, in these cases, still be used to select patients with a
high risk of metastases. The tumour diameter can also be measured in vivo using
ultrasound methods. However, prognostic markers such as genetic changes, vascular
patterns and cell type cannot be assessed when irradiation takes place. We used
fluorescent in situ hybridisation (FISH) analysis on FNABs of enucleated eyes to
investigate whether it could detect chromosomal changes in radiotherapy cases. This
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method proved itself to be very reliable in ex wivo biopsies (chapter 4). Since these
biopsies were taken under ideal conditions, a larger prospective study on in wivo
biopsies has to be performed to confirm these data and to enable a wanslation of these
data for clinical situations.

1.2 GENETIC BACKGROUND OF UVEAL AND CUTANEOUS MELANOMA

1.2.1 Cytogenetic findings

Cytogenetic and molecular genetic studies of leukemias provide important prognostic
information and are thereby becoming the major tool in determining the appropriate
treatment protocol. Furthermore, they have made a significant contribution to our
understanding of the different haematological malignancies (Sandberg and Chen,
1994; McKenna, 2000). In contrast, data from the cytogenetic analysis on solid turmours
are severely restricted due to the technical difficulties associated with obtaining good
quality metaphase spreads for the analysis and due to the complexity of the tumour,
However, uveal melanomas were found to be more amenable to cytogenetic analysis
than other solid neoplasms. From the late eighties on, several reports on the cytogenetic
analysis of uveal melanoma have been published. It was found that in these tumours,
monosomy 3, abnormalities of chromosome 6 and gain of chromosome 8q were non-
random (Tabie 1.1, Figure 1.1).

TABLE 1.1 OVERVIEW OF CHROMOSOMAL ABERRATIONS (%)

No. METHOD LOSS OF IP36 LOSS OF 3 GAIN OF 67 GAIN OF 8(Q)
Own datu (chapter 2) 30 cytogeneties /FISH 34 45 30 56
Sisley er al., 1997 42 cytogenetics 9 50 19 54
Prescher et al., 1996 54 cytogenetics/CGH nr 57 nr nr
White et al., 1998 54 cytogenetics nr 50 46% 48
Parella et al., 1696 50 microsatellite 33 59 28 60
Me Namara, 1997 17 FISH nr 12 nr nr

*zbnormealides of chromosome 6
abbreviations: nir, not reported; FISH, fluorescent in situ hybridisation; CGH. comparative genomic
hybridisation

Furthermore, changes in chromosome 11 and the loss of chromosome 2, 21 and the sex
chromosomes were reported (Mukal and Dryja, 1986:; Griffin et al., 1988; Horsman et
al.,, 1990; Prescher et al., 1990; Sisley et al., 1990; Horsthemke et al., 1992; Prescher et
al., 1992; Sisley et al., 1992; Dahlenfors et al., 1993; Horsman and White, 1993;
Wiltshire et al.,, 1993; Prescher et al,, 1994; Singh et al., 1994; Prescher et al., 1995;
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Prescher et al., 1996; White et al., 1996; Sisley et al., 1997; Sisley et al., 1998; White et
al.. 1998; Parrella et al., 1999; Sisley et al., 2000). The large amount of publications
suggests that extensive evaluation on this subject has been done. However, excluding
our 80 cases, only 166 cases in total have been studied with cytogenetics or FISH
analysis and another 40 cases with CGH, since most of the studies referred to repeatedly
used cohorts of patients.

Chromosome 3 loss was found to occur most commonly in those tumours with gain of
chromosome 8. These genctic changes were found to occur in particular in tumours
arising from the ciliary body (Prescher et al., 1992; Sisley er al., 1992; Dahlenfors et al.,
1993; Horsman and White, 1993; Sisley et al., 2000). Moreover, Parrella et al. proposed
a bifurcated tumour pathway with mutual exclusivity of the loss of chromosome § and
gain of chromosome 6p (Parrella et al.,, 1999). However, in our own series, we observed
several cases where both the gain of chromosome 6p and loss of 3 took place, arguing
against this proposed pathway.

The changes of chromosomes 1, 3, 6 and § are thought 1o be correlated with patient
survival, as is described in paragraph 1.1.4 and chapter 2 of this thesis. Prescher et al.
found a strong correlation between loss of chromosome 3 and a poor prognosis of the
patient (Prescher, 1996). It was found that no patient with tumours with normal copies
of chromosome 3 (n=24) died within 3 years after diagnosis, whereas only 57% of the
patients with tumours with loss of a chromosome 3 (n=30) survived the same interval.
Sisley et al. confirmed the prognostic value of monosomy 3 and demonstrated a strong
inverse correlarion between the presence of extra copies of 8g and survival (Sisley et al,,
1997). They showed a dosage effect relationship of additional copies of chromosome 8q
and the survival of the patient. However, our own data of 80 uveal melanomas suggest
that gain of chromosome 8q is not an independent prognostic marker, since it is also
correlated with the largest tumour diameter, which may influence the correlation with
survival. Furthermore, the tumours with gain of chromosome 8q copies appear to have
a growth advantage in cell culture, since after culture an accumulation of chromosomes
8q copies can be found. A link between chromosomal changes was also studied by
‘White et al. (White et al., 1998). They demonstrated a correlation between chromosome
3 loss and chromosome 8q gain but moreover, they also found a protective effect from
chromosome 6 abnormalities over abnormalities of chromosome % and 8. However, the
abnormalities of chromosome 6 were not further specified as gain or loss of
chromosome 6p or 6q and it remains unclear which biclogical mechanisms could
explain this finding.

As is shown in chapter 2 of this thesis, we confirmed the significance of monosomy 3 as
a progunostic marker, but found no independent correlation between chromosome 6
abnormalities and gain of chromosome 8q and survival. Additionally, we found that
the effect of chromosome 3 loss was determined by chromosome 1p loss: only those
patients with concurrent chromosomes 1p36 and 3 losses showed a decreased disease-
free survival when compared to patients with only loss of chromosome 3 or with no loss
of 1p36 and 3.

In most cases, whole chromosomes or chromosome-arms are affected, hampering the
identification of loci specific for uveal melanoma development or progression.
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CHAPYTER 1

However, some chromosome regions, such as 3pl3 (Blasi et al.,, 1999} and 8q23-24~qter,
have been suggested as potental target regions (Speicher et al., 1994). Using spectral
karyotyping (SKY) and comparative genomic hybridisation (CGH) analysis on uveal
melanoma with complex chromosomal abnormalities, we were able to discover a small
deletion of chromosome 3q13~21. Furthermore, we found two regions on chromosome

8q, i.e. 8921.1~21.2 and 8q23~24 which could be the target sites of amplification (Naus
et al.,, 2001).

Fig. 1.1 Karyogram of tumour EOM207. This tumour showed a -3, i(6)(p) and +8, typical for uveal
melanoma. Furthermore, there 1s a loss of the Y chromosome, a common feature in solid tumours.

In cutaneous melanoma, chromosomal abnormalities involving chromosomes 1 and 6
are also present. As is reviewed by Fountain et al. (Fountain et al,, 1990), the most
frequent abnormality consists of rearrangements of the distal part of the short arm of
chromosome 1, occurring in about 80% of all cases. Chromosome 6 also appears to be
altered frequently (66% of the cases) and the 6q11-926 region shows the highest
frequency of rearrangements as a result of deletion, translocation or due to the
formation of an isochromoseme of its short arm. Moreover, changes in chromosomes 7
and 9 were found to occur in 61% and 44% respectively of the cutaneous melancma.
Chromosomes 2, 3, 10 and 11 also show significant involvement, with alterations of
these chromosomes being present in approximately 30% of all melanomas. In literature,
only few cases of abnormal karyotypes iz nevi or dysplastic nevi have been described.
Changes of chromosomes 4, 8, 9 and 10 were, however, consistently found.
Chromosome 9 was Involved in three out of nine nevi, whereas ¢chromosome 4, 8 and
10 changes were found in only two cases. The overall infrequent involvement of
chromosome 4 and 8 in cutaneous melanoma suggests that these changes happened by
chance or were actually io-vitro artefacts {(Becher et al., 1983). Using rnicrosatellite
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analysis, no LOH for regions 9p21-22, 5q22, 11923 and 17921 could be demonstrated
in 26 common nevi LOH {Birindelli et al., 2000). Based on the results of the karyotype
and molecular genetic analyses of nevi and melanomas, a tumour progression model,
from melanocyte to metastatic melanoma has been propesed (Figure 1.2).

normal N sun-damaged atypical ; primary metastatic

melanocyte melanocyte naevus melanoma melanoma
chromosome 9p chromosome 6q chromosome 1p
chromosome 10q chromosome 11 chromosome 2

chromosome 3

Fig 1.2 Tumour progression model for cutaneous melanoma. (Adapted from Fountain et al..
1590)

Although chromosome 1 and 6 changes are common in both cutanecus and uveal
melanoma, their genetic tumour progression pathway seems to be different. Loss of
chromosome 2, 9p, 10g and 11, frequently seen in cutaneous melanoma, are rarely
found in uveal melanoma. On the other hand, monosomy 3 is rather specific for uveal
melanoma. Furthermore, we were able to show that mutual loss of chromosomes 1p and
3 was associated with a more aggressive phenotype (chapter 2). Recent data also suggest
that loss of chromosome lp is only present in primary uveal melanoma that had
metastasised and in its metastases (Aalto et al., 2001). These data point to putative
tumour suppressor genes on chromosomes 1p and 3 involved in tumour progression. A
tumour progression pathway is, however, difficult to propose, based on the genetic
abnormalities found since no or few genetic information is available from normal
uveal melanocytes, uveal nevi or suspected uveal melanoma, In three cases of suspected
uveal melanoma we performed FISH analysis on FINABs (chapter 5). In one case gain of
chromosome 8 was found, suggesting malignant transformation. In the other cases, no
chromosomal abnormalities could be detected. Since this sudy was performed on only
three turmnours, no general conclusions can be drawn.

1.2.2 Genes

In 1971, Knudson proposed the two-hit hypothesis to explain cancer predisposition,
This model still holds for most tumour suppressor genes: two successive mutations (hits),
which inactivate both copies of the tumour suppressor gene, are needed for tumour
formation (Knudson, 1971; Knudson, 1993).

Germline mutations of one allele of a tumowr suppressor gene, such as the
retinoblastoma (RB) gene, predispose one to tumour formation. A somartic mutation of
the second zllele subsequently results in the rumour initiation and/or progression
(Figure 1.3).
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Our knowledge about tumour suppressor genes has expanded rapidly since that time
and it became clear the first hit often consists of a small alteration such as a deletion or
a point mutation, whereas the second hit mairly consists of gross chromosomal
rearrangements. The latter can be seen as recurrent losses of chromosomal loci
associated with specific human cancers.

Fig. 1.3 Knudson's two hit model. RB, wildtype retinoblastoma allele; rb¥, mutated allele; ml/m2,
polymorphic markers at both sides of the gene; a/b/c, genotype at ml or m2. In inherited cancers, the
first hit is brought about by germline transmission of a mutated allele. The second allele can be
inactivated by: A, mitotic recombination; B, loss of a chromosome: C, chromosome loss and conseguent
duplication: D, partial deletion; E, interstidial deletion or F. gene conversion. (adapted from (Pronk et
al., 1694))

For several years now, these specific chremosomal abnormalities have been recognised
in uveal melanoma (see paragraph 2.1: cytogenetic findings). However, the first hit, i.e.
mutations or alterations within uveal melanoma specific genes are yet to be identified.
In contrast to this, cutaneous melanomas display aberrations in specific tumour
suppressor genes, such as plﬁm{“ {inhibitor of the cyclin dependent kinase 4a) and
PTEN (phosphatase and tensin homologue). The role of p53 and its homologues, p63
and p73, remain to be established in both melanoma types. These genes and their
biological functions will be discussed in the following paragraphs.

19



CHAPTER 1

16757 and pr g™ genes

The first report on the linkage of familial cutaneous melanoma to chromosome 9p21
was described in 1992 {Cannon-Albright et al., 1992). Subsequently, several studies have
confirmed this result. It has been demonstrated that approximately 50% of all familial
atypical multiple malignant mole (FAMMM) syndrome cases show linkage to this
particular region (Goldstein et al., 1994; Gruis et al., 1995). Furthermore, cytogenetic
and LOH studies revealed frequent heterozygous and homozygous losses in sporadic
melanoma and melanoma cell lines (Fountain et al., 1992). This locus was found to
harbour the plﬁmm‘" gene (Kamb et al., 1994), also known as MISI1 (multiple mumour
suppressor gene 1) or COEN2A (cyclin dependent kinase inhibitor 24).

The pIGmK‘}:‘ gene is composed of three exons and encodes a 156 aminoacid protein of
16KkD. Its protein is a cellcycle inhibitor, which can bind to complexes of cyclin-
dependent kinases (CDK)} 4 and 6 and cyclin D1. This binding inhibits the kinase
activity and thus resules in an arrest of the cell cycle in the Gl phase, thereby
preventing abnormal cell growth and proliferation (Figure 1.4).

Homozygous loss, mutation or methylation of the p16™ ™ promotor region, results in
an inefficient or absent binding to the CDEs. This enables damaged cells to progress
throughout the cell cycle. The importance of the cell cycle regulatory function of the
pl giKa protein is illustrated by a wide variety of tumours in which this gene is altered,
such as gliomas, bile duct, oesophageal, pancreas and bladder carcinomas and some
subtypes of leukemia (Ruas and Peters, 1998).

JNK+a

The 9p21 locus also harbours a pI67  -related gene: the pl raid (alternative reading
INKa

frame of pI6~ " ") gene. This gene uses an alternative exon 1 (exon 1), located 10-20
kb upstream of exon 10 and different open reading frames for exons 2 and 3,

resulting in a structurally different protein (132 amino acids). The gene has been
designated the p74™ in human cells because of its predicted mass and pI19™ in mouse
cells.

The ARF protein binds to MDM2 (mouse double minute 2 gene), whose function is to
bind p53 (see below) and target it for degradation via the ubiquitin pathway. The
binding of ARF to MDM2, prevents pb3 degradation (Figure 1.4) thereby can p53 exert
irs functions, such as initiation of apoptosis. Furthermore, p53 s also known to play a
role in genome stability maintenance and it can target p21WAF1. P21 is able 1o
inhibit CDKs thereby interacting with the RB pathway and resulting in a G1/S arrest.
P53 is considered to be the guardian of the genome and will be discussed below.

In contrast to the p16mK4“ gene, no mutations which selectively target exon 1J of pr
are found in familial or sporadic cutaneous melanoma (FitzGerald et al,, 1996; Fargnoli
et al., 1998; Peris et al., 1999), although such mutations have been described in
melanoma cell lines (Kumar et al,, 1998). Recently, however, evidence was found that
specific loss of the exon 1J was involved in familial cases of melanoma-neural system
tumour syndrome (Randerson-Moor et al., 2001).
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Fig. 1.4 Functions of p16™"* and pl4*™. Upper diagram: alternative transcripts are generated
from the 9p21 locus. Exons are displayed as boxes and identified as exons 1B, 1ot 2 and 3. White
boxes represent the untranslated region. Exon 1 is represented in light grey, exon 2 in dark grey and
exon 3 in black, Middle diagram {grey): the p53 and RB pathways. Important key players are depicted
in circles, Both pathways are linked via p2I"™7 which inhibits cyclin dependent kinases. Lower
diagram: cell cycle. § (synthesis), DNA replication: Gl and G2 (gap), cell growth and preparation for
entering next phase; M (mitosis), cell division. G1/8 and G2/M wansition checkpoints are represented
by grey circle.

We (chapter 7} and others {Ohta et al., 1994; Singh et al., 1996b) have shown that, in
contrast to cutaneous melanoma, homozygous deletions and mutations of the plG‘NM“

gene rarely occur in uveal melanoma. However, whereas methylation of the promotor is
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rare in cutaneous melanoma, we found methylation in four out of nine uveal
melanoma cell lnes. Normal expression of pI4ARF was found in all cell lines tested.

PTEN gene

PTEN, also known as MMAC (mutated in multiple advanced cancers) or TEP-1, (TGF[-
regulated and epithelial cell-enriched phosphatase 1) is located on chromosome 10g23.
It is a tumour suppressor gene which is often mutated or lost in several different
tumour types, such as glioblastomas (Wang et al., 1997), prostate carcinomas (Cairns et
al., 1997) breast carcinomas (Li et al,, 1997) and endometrial carcinomas (Risinger et
al.,, 1997). Furthermore, in 40% of the sporadic cutaneous malignant melanoma cell
lines it is also mutated (Guldberg et al, 1997), but reports on the incidence of
mutations in primary sporadic cutaneous melanoma seem to be conflicting (Boni et al,,
1998; Tsao et al., 1998; Birck et al., 2000). As described in chapter 8, we found no
abnormalities of the PTEN gene in uveal melanoma cell lines (Naus et al., 2000).
Germline mutations of the PTEN gene were identified in the Cowden and Bannayan-
Zonana or Ruvalcaba-Riley-Smith syndrome (Nelen et al., 1997; Marsh et al., 1998). The
phenotypes of these syndromes include hamartomas in many organ systems, such as the
breast, thyroid, skin. central nervous system and gastrointestinal tract. Unlike Cowden
syndrome no increased risk of malignancies is documented in the Bannayan-Zonana
syndrome. This difference in phenotype remains puzzling, since identical mutations
have been associated with both Cowden and Bannayan-Zonana syndromes. It might be
that differences in other, as of yet unidentified, disease-modifying genes cause this
variance in phenotype.

The PTEN protein is a duabspecific phosphatase which is able to dephosphorylate
proteins  {serine/threonine and thyrosine) and phospholipids such as
phosphatidylinositol 3,45 triphosphate (PtdIns(3,4,5)P3} and phospharidylinositol 3,4
biphosphate {P1dIns(3,4)P2) residues (Figure 1.5). PTEN counteracts
phosphatidylinositol 3-OH kinases {PI3-kinases) functions, which are associated with cell
growth and survival. PI3-kinases are activated by stimulation by several growth factors
and phosphorylate PtdIns(4,5)P and PidIns{4)P residues. Upon phosphorylation of these
residues, other proteins, which associate with the phospholipids, such as AKT, are
recruited. ART, in turn, is phosphorylated by phosphonositide-dependent kinase 1
(PDK1) and is able to stimulate cell growth. By dephosphorylating PtdIns(3,4,5)P3 and
PudIns(3.4)P2, PTEN works in opposition to the PIS-kicase/AKT pathway, and thus
functions as a growth suppressor (Di Cristofanc and Pandelfi, 2000; Vazquez and
Sellers, 2000). Additionally, PTEN plays a major role in inhibiting cell spreading and
the formation of focal adhesions, by dephosphorylation of focal adhesion kinase
(FAK}Tamura et al., 1998).

i
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PrdIns@.5)P2 > | Pdlns(34.5)P2
& _ &
Prdins#)P2 P e Ptdlns(34)P2

Fig. 1.5 PTEN signalling pathway. This diagram sumzmarises the intracellular effects of PI3K
activation by growth factors, which can be antagonised by PTEN, Phosphorylation of phosphatidyl
inositol phosphates stimulates PDK1, resulting in phosphorylation of AKT and promoting cell growth.
PTEN can zlso dephosphorylate FAK, hereby inhibiting cell spreading.

p53/p63/173 genes

One of the most studied tumor-related genes is the 33 gene, located on chromosome
17q13.1. This gene is mutated in over 50% of all human cancers. However, in cutaneous
melanoma, the mutation rate seems to be low, although a recent report suggested that
p53 mutation may be more common in certain types of melanomas, particularly those
with a poorer prognosis (Akslen et zl., 1998}, In uveal melanoma, £33 mutations do not
appear to be the major cause of gene inactivation (Chana et al., 1999; Mouriaux et al.,
2000), bur it is possible that the p53 pathway is functionally inactivated (Brantley Jr and
Harbour, 2000).

P55 plays an important role in regulating the G1/8 and G2/M transition of the cell
cycle, in inducing apoptosis if the DNA damage is too severe to be repaired and in
maintaining genome stability. These properties cause p53 to be called the guardian of
the genome (reviewed by Ko and Prives, 1996; Lohrum and Vousden, 2000). Normally,
$33 is not active, but it can be stimulated by different triggers:
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Firstly, by DNA damage, such as that caused by lonising radiation. Double strand
breaks activate ATM (ataxia telangiectasia mutated), which in rwrn activates Chk2
{checkpoint kinase 2).

Secondly, 53 can be triggered by aberrant growth signals, such as those resulting from
expression of RAS or MYC, In this case p53 depends on the activation via the pMAR'F
pathway.

Thirdly, by a wide range of stimuli, such as drugs and UV light. This pathway, which is
independent from intact ATM or pld™, may involve ATR (ataxia telangiectasia
related), an ATM-related cell cycle checkpoint gene.

All pathways inhibit degradarion of ph3, thereby creating excess of p53. Mutations in
$53 or binding of viral proteins to p53 {in cervix carcinoma and lymphomas) can cause
malfunction of p533. Alterations in genes whose products directly or indirectly interact
with p533 (such as MDM2 and p14™™) or mislocalisation of p33 in the cytoplasm
(Vogelstein et al., 2000} can also prevent a proper p53 response.

Much less is known about the £33 homologues, 63 and $73, whose structure is similar,
but not identical, to that of pb3. Each contains a transactivation domain (TAD), a DNA
binding domain (DBD) and an oligomerisation domain. Both homologues also contain
a steric alpha motif (SAM). SAM domains are known to be present in proteins involving
regulation of development (Levrero et al.,, 2000). Unlike 53, both $73 and p63 give
rise to differentially spliced mRINAs. At least 6 isoforms of $73 and of $63 have been
identified. The isoforms of p63 lacking exons 1 and 2 (AN forms) do not activate
transcription, but can act as a dominant negative regulator of full length (TA)p63 and
p53 proteins. P73 can be stabilised by phosphoryladion via c-Abl after treatmnent of cells
with DINA damaging agents, such as cisplatin and taxol. This results in p73 mediated
apoptosis.

P73 15 located on chromosome 1p36, a region which is frequently deleted in uveal
melanoma (Chapter 2) and other tumour types such as neuroblastoma, colorectal and
breast carcinoma. In neuroblastoma, it was suggested that p73 is an imprinted gene,
expressing only the maternal allele (Kaghad et al., 1997). However, recent studies seem
to indicate that monoallelic expression of this gene is rare {INomoto et al., 1998).
Mutations in p73 are rarely found in human tumours. In the almost 500 mmours
studied for mutations, inchiding curaneous melanoma, only three missense mutations
have been found {Levrero et al., 2000).

P63 is the second p53 related gene (also known as KET, p51 p40 and p73L) and is
located on chromosome 3q27 (Yang et al., 1998). P63 is predominantly expressed in the
epidermis, cervix, urothelium and prostate and no mutations have been detected in
human malignancies. However, $63 mutations have been found in patients with
ectodactyly, ectodermal dysplasia and facial clefts (EEC) syndrome. Knockout mice for
$63 also demonstrate major defects in limb. craniofacial and epithelial development
(Mills et al., 1999; Yang et al., 1999), suggesting that 63 predominantly plays a role in
development.

Although it is assumed that the role of $63 in tumorigenesis is limited, other data
suggest that, in cancers, the balance between the TA and AN isoforms is disrupted. The
AN isoforms of p63 are known to have a dominant negative effect on both the TA-
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isoforms of p63 and on p33. As stated above, p53 plays an important role as a
controller of the G2/M and G1/8 transitions and in genome stability.

No data on the involvement of the p63 and p73 gene in uveal melanoma are available
vet. However, since these genes are both located on chromosomes frequently involved in
uveal melanoma, i.e. chromosome 1p36 and 3, it will be interesting to investigate the
role of these genes in uveal melanoma tumorigenesis.
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1.3 AIMS AND OUTLINE OF THE THESIS

Research on uveal melanoma has largely been concentrated on the identification of
prognostic markers, since It allows clinicians to select patients with a high risk of
metastatic disease and to adjust the treatment protocols depending on the prognosis. I
started the research on the effects of genetic abnormalities in uveal melanoma in 1996.
At that time it was already known that recurrent chromosomal abnormalities, such as
loss of chromosome 1p and 3 and gain of chromosome 6p and 8q, could be detected in
these cancers. Furthermore, it was suggested that loss of chromosome 3 and gain of
chromosome 8 were important prognostic markers for decreased survival in uveal
melanoma patients.

In the first part of this thesis, the cytogenetic aberrations found in these uveal
melanomas will be discussed. In our laboratory, cytogenetic analysis on uveal
melanomas has been performed since 1992, Until 1995, most tumours were analysed by
conventional cytogenetic analysis only. After that time, fluorescent in situ hybridisation
and, when possible, cytogenetic analysis was performed on all tumours. We
characterised a series of 80 uveal melanomas for chromosomal changes, with the aim to
identify correlations between these changes and tumour characteristics, and to confirm
the correlations between chromosomal changes and survival, These data might enable
us to narrow down the regions of interest on chromoesome I, 3, 6 and 8. This study is
described in chapter 2.

In some cases, however, detailed cytogenetic analysis was not possible due to the
presence of complex abnormalities. In chapter 3 we describe the application of
comparative genomic hybridisation (CGH} and/or spectral karyotyping (SKY) on two
uveal melanoma cell lines and five primary uveal melanomas, with partially defined
and/or complex abnormalities to further characterise the chromosomal changes.

The cytogenetic studies were performed on tumours available from enucleated eyes.
However, more and more patients are now treated with radiotherapy and. as a result,
the lack of tumour material compromises the evaluation of these chromosomal changes.
In chapter 4, we describe the validation of using fine needle aspiration biopsies and
fluorescent in situ hybridisation for the analysis of genetic prognostic markers.
Therefore, we analysed 40 ex vivo uveal melanoma biopsies and the corresponding main
tumour with FISH. To investigate whether chromosome analysis was also applicable on
in vivo fine needle aspiration biopsies. we applied FISH analysis on biopsies of three
patients suspected of uveal melanoma. These data are described in chapter 5.

The second part of this thesis is dedicated to the detection of molecular genetic changes
in uveal melanoma. As described above, non-random chromosomal changes have been
described in uveal melanoma but the molecular pathogenesis remains largely unknown.
In contrast to uveal! melanoma, much more is known about cutaneous melanoma,
where genes such as pl 6™ /p14*" and PTEN are known to play a role in
tumorigenesis, Since both cutaneous and uveal melanomas originate from neural crest

derived melanocytes, we decided to test these genes in wveal melanoma cell lines. To
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allow experimental studies investigating the molecular changes in uveal melanoma, we
established and characterised primary and metastatic uveal melanoma cell lines
ichapter 6). We studied the involvement of the p16mK4“, pl 4" and the PTEN gene,
which are known to be involved in cutaneous melanoma, in these cell lines, These
studies are described in chapter 7 and 8 of this thesis.

o
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ABSTRACT

Background Melanoma of the eye is a highly malignant disease with a mortality of
50%. Tt is suggested that chromosomal changes associate with a decreased survival of the
patient. However, these studies had limited samples size, restricting statistical analysis.
We aimed to assess the independent value of numerical changes of chromosomes 1,3, 6
and 8 on the disease free survival in a large series of eye melanoma patients.

Methods 80 eye melanomas were analysed for numerical changes of chromosomes 1, 3,
6 and 8 with cytogenetic analysis and/or fluorescent in situ hybridisation. The genetic
data were correlated with disease outcome in a univariate and multivariate model using
Eaplan-Meyer and Cox regression analyses.

Results After a mean follow-up time of 27 months, 17 patients had died or were
suffering from metastatic disease. In the univariate analysis, loss of chromosome 3, gain
of 8q and the presence of epithelioid cells were associated with a decreased disease free
survival. In the multivariate analysis, we found that the effect of monosomy 3 on
survival was largely modified by changes in chromosome 1p., We found that, regarding
all chromosomal changes, only concurrent loss of chromosome lp and 3 was an
independent prognostic parameter for disease free survival (p=0.007)

Conclusions Our findings suggest a synergistic effect of genes on chromosomes lp
and 3 involved in melanoma progression. These chromosomal changes are an
independent prognostic marker for disease free survival and may have implications for
the treatment of eye melanoma patients.
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INTRODUCTION

Melanoma of the eye, the most common form of primary eye cancer in adults, is a
highly malignant disease with a mortality rate of fifty percent (Egan et al., 1983).
Identification of padents at high risk of mortality may enable early detection of
metastases I a stage in which adjuvant therapy may be justified. Chromosomal
abnormalities are known to have prognostic importance in certain cancers, e.g. in
leukemia patients {Dohner et al,, 2000). This helps clinicians to plan treatments and
alerts them to patients with a high risk of relapse or (Sandberg and Chen, 1994;
McKenna, 2000). Eye melanoma, also referred to as uveal melanoma, are highly
amenable for cytogenetic analysis and show mostly simple karyotypes, in contrast to
most other solid tumours, Specific chromosomal changes such as variation in
chromosomes 1p, 3, 6 and 8 are often found in these tumours {Sisley et al., 1990:
Prescher et al., 1993). Loss of chromosome 3 and gain of chromosome 8 or 8q are
associated with a high mortality rate, whereas abnormalities of chromosome 6 are
suggested to correlate with a good prognosis. However, these data are from reladvely
small studies and the associations with other chromosome abnormalities and tumour
parameters were not analysed.

In the present study we investigated the associations between chromosomal changes and
tumour parameters such as cell type, mumour diameter. We examined, in the largest
series up until now, the independent effect of numerical changes of chromosomes 1, 3,
6 and 8 on disease free survival in a series of 80 uveal melanoma patients.

METHODS

Patients and tumour samples

From March 1992 to July 2000, we collected tumour marterial of 112 consecutive
patients who underwent enucleation of the ramour-containing eye for ciliary body or
choroidal melanoma. Informed consent was given prior to enucleation and the study
was performed according to the tenets of the Declaration of Helsinki. Undl the
introduction of routine cytogenetic analysis for eye melanoma in May 1994, only very
few cases were karyotyped (4 out of 31). From May 1994 until January 1995 cytogenetic
analyses were performed (n=15) which was successful in 11 cases. From January 1995 on
all patients (n=66) were analysed with FISH and. if metaphases could be obtained, with
cytogenetic analysis. Fresh tmour material was obtained within 1 hour after
enucleation and processed for FISH and/or cytogenetic analysis as (Naus et al., 2001).
Conventional histopathological examination was performed on all mumours and
confirmed the origin of the tumour. Cytogenetical studies were also carried out on
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stimulated peripheral blood samples of each patient to exclude the presence of
congenital chromosome abnormalities. Follow-up data from the time of diagnosis to
the end of the study in September 2000 were obtained by reviewing each parient’s
charts and/or contacting their general practitioner. One patient was lost to follow-up.
The remaining 80 patients consisted of 43 men and 37 women. The age at time of
diagnosis ranged from 21 to 87 years (mean 60). The mean period from time of
diagnosis ro the presence of mezastases or end of the study, was 27 months (range 1-87
months). The mean tumour diameter and thickness were 12,0 mm (range 1.5-22) and
7.0 mm {range 4.5-10), respectively. Thirteen turnours showed involvement of the ciliary
body and 67 were located in the choroid.

Cytogenetic and FISH analysis

Chromosome preparations were made following standard procedures and stained with
acridine orange or atebrine to obtain R or () banding. Cyrogenetic abnormalities were
described in accordance with the ISCIN (Basel, 1995).

Dual colour FISH on uncultured mumour material using centromeric and locus specific
cosmid, P1 or YAC probes for chromosome 1, 3, 6 and 8 was performed as described
previously (Hagemeijer et al.,, 1998). The concentration for centromeric probes was 5
ng per slide; for cosmids, P1 and YAC probes 50 to 75 ng per slide were used. Eight
probes were used: pl-79 (mapped to chromosome band 1p36), Pot 3.5 (centromere 3),
YAC 827D3 (3q24). cos85 (6p21) and cosb2 (6g23) (Prof. ¥ Nakamura, Tokyo, Japan),
cos}05HS (8pll) and D8Z2 (centromere 8) and ETO (8¢22). After hybridisation and
washing, slides were counterstained with 4,6-diamidino-2-phenylindole and mounted in
anti-fade solution (Dabco-Vectashield I:1). Signals were counted in 300 interphase
nuclei according to the criteria of Hopman et al. (Hopman et al., 1988). Cus-off limis
for deletion (15% of the nuclei with one signal) or amplification (>10% of the nuclei

with 3 or more signals) were adapted from the available literature (van Dekken et al.,
1990).

Data classification

We subdivided the variation in chromosomes 1p, 3, 6p, 6q and 8qg using cytogenetic
and FISH analysis into 5 categories: loss of one copy, nermal copy numbers (two
copies), gain of one copy, gain of two copies, and gain of more than two copies. Using
FISH, monosomy 3 was defined when there was only one signal seen for the centromere
3 and 3g24 probes. Gain of chromosome 8, when all three probes for chromosome 8
(ie. 8pll, centromere 8 and 8g22) showed more than 2 signals; gains of 6p and 8q
were scored when more than 2 signals were found for each of the 6p2l and 8q22
probes, and loss of 1p and 6q when the probes for 1p36 and 6923 showed only one
signal.

When different subclones were identified, only the FISH findings of the largest clone
were classified. Cytogenetic results were classified for the regions studied with FISH
analysis. All major chromosomal changes detected by cytogenetic analysis could also be
detected by FISH analysis. Therefore, we classified only the uncultured direct FISH data
if both FISH and cytogenetic analyses were available.
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Statistical analysis

Disease free survival was the time from enucleation to the development of metastatic
disease. The influence of single prognostic factors on disease free survival was assessed
using Kaplan-Meijer analysis and the log rank test {for categorical variables) or Cox
proportional hazard analysis (for continuous variables) {Table 2.1}. Comparisons of the
distributions of clinical and chromosomal variables were performed with Fisher’s exact
test {for categorical variables) and the Mann-Whitney test (for continuocus variables)
{Table 2.2). The independent value of the prognostic factors on disease-free survival was
assessed by multivariate Cox proportional hazard analysis and the likelihood ratio test.
Included in the model were age at time of diagnosis, cell type (spindle cell wvs.
mixed/epithelioid cell), largest tumour diameter, mutual loss of chromosome 1p and 3,
gain of 6p and gain of 8q. All tests were two-sided. An effect was considered significant
when the pvalue was 0.05 or less. The statistical analyses were performed with SPS5-9
software.

RESULTS

A wrtal of 80 uveal melanoma cases was analysed for chromosomal changes using
cytogenetic and/or FISH analyses. Thirteen patients had died from metastatic disease
and four were suffering from metastases at tme of evaluation. Cytogenetic analysis was
successful iIn 49 out of B0 tumours. For 37 tumours there were cytogenetic and
fluorescent in sitw hybridisation (FISH) datz available, and in 31 tumowrs only FISH
was performed. Not all probes could be tested on zll patients because of lack of
material. The mean number of probes successfully used for FISH was 6. Combining
both cytogenetic and FISH darta, chromosomal abnormalities were found in 88 percent
of all tumours.

Univariate analysis of the single prognostic factors showed significantly lower disease
free survival for patients with loss of chromosome 3 or gain of 8q in the tumour and
for patients with a mixed or epithelioid twmour cell type (compared to patients without
these chromosomal changes or with a spindle cell type) (Table 1). Other potential
prognostic factors, such as gender, age at time of diagnosis, tumour diameter, thickness,
and tumour location (i.e. involvement of ciliary body) did not reach significance.
Chromosomal changes such as loss of chromosome band 1p, gain of chromosome 6p or
& and loss of chromosome 6q were not significantly associated with disease free survival.
To examine the possibility that other chromosomal variations may affect the prognosis
of the monosomy 3 patients, we constructed Kaplan Meijer curves of chromosome 3
changes stratified for the other chromosomal changes and performed log rank tests to
test for statistical significance. We found that the effect of monosomy 3 on disease free
survival was largely modified by changes in number of copies of chromosome 1p. In
tumours with normal copy numbers of chromosome lp, no significant difference in
disease free survival was observed between those patients with and without loss of
chromosome 3 (p=0.9841) (Fig.2.1a), whereas this difference was significant in patients
with tumours with loss of chromosome 1p (p=0.0095) (Fig. 2.1b).
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o TABLE 24 RESULTS 0|= THE UNNAR[ATE ANALYSIS OF PROGNOSTIC MARKERS AND DISEASE FREE
RN e " SURVIVAL IN.80 EYE MELANOMA :

VARIAELE

No. of patients (%)/Mean

p-value

Male gender 43 (54) 0.754"
Age at time of diagnosis (yrs) 60 0.502"
Mixed/epithelioid cell type 57 (71} 0.015"
Turnour thickness (mm) 7 0.363"
Largest tumour diameter (mm) 12 0.330"
Involvement of ciliary body 13 (16) 0.414"
Genetic changes (%)

loss of 1p 26/77 (34) 0.178"

loss of chromosome $ 32/71 (45) 0.004

gain of chromosome 6p 19/63 (30) 0.696

loss of chromosome 6q 21/65 (32) 0.896"

gain of chromosome § 14/44 (32) 0.060"

gain of chromosome 8q 39/70 (56) 0.050"

" Log-rank test; ' Cox-regression analysis
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Fig. 2.1 Kaplan Meijer survival curves of loss of chromosome 3 stratified for chromosome
1p. Left: Survival curves of tumours with normal copies of chromosome 1p36. with and without

chromosome 3 loss. Right: Survival curves of tumours with loss of chromosome 1p36 with and without

chromosorme 3 loss.
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TABLE 2.2 CORREIATION BETWEEN CHROMOSOMAL ABNORMALITIES AND CLINIGAL DATA i i ity

CLINICAL DATA CHROMOSOME 1P LOSS ' CHROMOSOME 3 LOSS CHROMOSOME GF GAIN CHROMOSOME 8q GAIN

- + P - + P - + P - + P
Cender®  male 28 12 24 16 % 9 18 20
0.330 0.348 0410 0.634
female 19 14 15 16 17 10 13 19
Mean age ()'rs)3 62 60 0.557 it} 68 0.061 61 55 0.079 58 61 0.467
Cell type2 spindlc 14 7 I7 4 7 11 13 6
X 1.000 0.005 0.002 0.013
mixed/epithelioid 33 19 22 28 36 8 18 33
Mean tumonr thickness nm)® 70 T4 0.373 7.1 6.7 0,614 70 7.8 0.109 6.8 7.6 0.228
Mean tamour diameter (rnrn)3 1.9 12.7 0.286 11, 12.2 0.647 11. 139 0.031 10,9 158 0.001
9 8
Tavolvement of ciliary bod)'2 no 40 20 34 27 34 16 27 31
0.524 0.746 0.740 0.529
yes 7 6 5 5 9 3 4 B

1 . -
Chromosome locus at which the abnormality is absent (-} or present (+},
* The p value is for the comparison amonyg different subgroups within a chromoseme aberration group and was calculated by Fisher's exact test,

*The p value is for the comparison of means among diffcrent subgroups witlin a chromosome aberyation group and was calcalated by the Mann-Whitney test,
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In addition, the interaction term between loss of chromosome 1p and chromosome 3
was found to be significant (Cox proportional hazard analysis P=0.04). No interactions
between chromosome 3 and the other chromosomes (6 and §8) were found. Moreover,
we compared the disease free survival of patients with a concurrent loss of chromosome
lp and chromosome 3 with that of the other subgroups of patients (i.e. patients with
tumours with normal copies of chromosome Ip and 3 or with either 1p or 3 loss). This
difference in survival was found to be highly significant {p=0.0003).

Considering the strong interaction between chromosome lp and 3 loss, we validated
whether this concurrent loss is an independent parameter for disease free survival in a
multivariate model. Confounding variables were considered age at time of diagnosis,
cell type, tumour diameter and chromosome 6p and 8q gains. After correcting for these
variables, we found that patients with tumours having concurrent loss of chromosomes
1p and 3 had an almost 18 times higher chance of developing metastases compared to
those without these losses or with either 1p or 3 loss (P=0.0065) (Table 2.3).

TABLE 2.3 MULTIVARIATE ANALYSIS OF PROGNOS’I‘EC MARKERS AND DISEASE FR.F.E SURVIVAL :
IN 80 EYE MELANOMA (FINAL MOD}:‘.L)"‘ S

VARIABLE TIAZARD RATIO P-VALUE"

Loss of chromosome 1p with loss of 3 17.82 0.067
Mixed/epithelioid cell type 16.53 0.008
Largest tumour diameter 112 0.257
Age at time of diagnosis 0.68 0.465
Gain of chromosome 6p 0.51 0.531
Gain of chromosome 8q 0.27 0.274

* Cox proportional hazard analysis
" Likelihood ratio test

DISCUSSION

In uveal melanoma it is known that loss of chromosome 3 is a prognostic marker for
decreased survival of the patent (Prescher et al.,, 1996; Sisley et al., 1997; White et al.,
1998). Using univariate analysis, we indeed found that loss of chromosome 3 was a good
prognostic factor predicting the outcome of the patients. The present study is the
largest series described up until now, and allows more extensive muldivariate statistical
analysis. We demonstrated that only those patients with a concurrent loss of
chromosomes $ and 1p are at high risk for developing metastatic disease.

The molecular genetic changes that underlie these chromosomal changes still have not
been determined. However, the fact that both chromosomes Ip and 3 must be lost to
affect survival could suggest that an interaction between genes on these two
chromosomes is necessary for the development of metastatic disease. Chromosome 1p36
is frequently deleted in many solid tumours like skin melanoma and neuroblastoma. In
the latter tumour type, loss of chromosome Ip is known to be a predictor of an
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unfavourable outcome of the patient {Caron et al., 1996). A putative tumour suppressor
gene, p73, is located in this region (Levrero et al., 2000). This gene is a homologue of
$53, which is altered in approximately 50% of all human cancers. Another homologue
of $53, p63, is located on chromosome 3q27, the other chromosome of interest (Yang et
al, 1998). Very few or no mutations in human malignancies have been described in
73 or p63, other molecular mechanisms, such as a dominant negative effect of
isoforms of 73 and p63 on iwelf and on p53, might be responsible for the inactivation
of these genes. Both genes are known to interact with each other and with #53 (Yang et
al., 1999) pointing to a possible role for these genes in eye melanoma tumorigenesis.
Gain of chromosome 8q, which has been suggested to correlate with survival (Sisley et
al., 1997), was only significant in our univariate analysis. In our multivariate analysis it
was not found to be an independent prognostic marker and we demonstrated a strong
correlation between the largest tumour diameter and the presence of chromosome 8q
abnormalities. Also the abnormalities of chromosome 6 were not independently
associated with survival, in contrast to what has been previously claimed (White et al,,
1998). We found a strong correlation between the gain of chromosome 6p and a
spindle cell type. As far as we know, the chromosomal changes (i.e. loss of chromosome
3, gain of chromosome 8q and abnormalities of chromosome 6) found by Sisley and
White and co-workers and which they associated with prognosis, were not corrected for
mmour diameter or cell type as in the present study. This could have influenced their
findings. Another known prognostic marker for a poor outcome of uveal melanoma
patients is the presence of epithelioid cells. Although in our series this cell type was
significantly associated with decreased disease free survival in the univariate analysis, it
was not in the multivariate analysis. Moreover, we found a strong correlaton between
chromosomal aberrations {chromosomes 3, 6 and 8) and cell type (Table 2.2).

This present study om chromosomal abnormalites in eye melanoma is, to our
knowledge, the largest reported in the literature. However, it is still a relatively small
series with a short follow-up time. Furthermore, our study may be biased since we
examined only rumours from patients treated by enucleation. as no tumour material is
available from patients treated with radiotherapy protocols. These findings need to be
assessed in a large unselected prospective trial, which can be carried out since we have
already shown that chromosome analysis can be performed on fine needle aspiration
biopsies of eye melanoma using simple FISH techniques (Naus et al., submitted),
However, our resulis do demonstrate a prognostic role of concurrent loss of
chromosomes 1p and 3, which may aid clinicians in identifying those patients at a high
risk of metastatic disease, and could lead to the justification of the application of
adjuvant therapies to these patients.
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CHAPTER 3

ABSTRACT

Several non-random recurrent chromosomal changes are observed in uveal melanoma.
Some of these abnormalities, e.g. loss of chromosome 3, gain of the q arm of
chromosome 8§ and chromosome 6 abnormalities, are of prognostic value. Cytogenetic
analysis and/or fluorescent én sitw hybridization (FISH) are used to detect these changes.
In some cases, however, detailed cytogenetic analysis is not possible due to the presence
of complex abnormalities, To more accurately define these cytogenetic changes. we
have applied comparative genomic hybridization (CGH) and/or spectral karyotyping
{SKY) to two uveal melanoma cell lines and five primary uveal melanomas, with
partially defined and/or complex abnormalities. SKY provided additional information
on 34/39 partially defined aberrant chromosomes and revealed a new abnormality, a
der(I7)t(7;17)(%;q7), that had not been recognized by conventional cytogenetics.
Additionally, using SKY, abnormalities involving chromosome 6 or 8 were found to be
twice as common as observed with cytogenetic analysis, CGH was especially useful in
assigning the abnormalities identified by SKY to specific chromosomal regions, and in
addition, resulted in the detection of a small deletion of chromosome region 3ql3-
3g21. We conclude that SKY and CGH, as complementary metheds to cytogenetic and
FISH analysis, provide more complete information on the chromosomal abnormalities
occurring in uveal melanoma.
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INTRODUGTION

In human cancers non-random chromosomal abnormalities reflect tumor-specific
events at the molecular level. These recurrent chromosomal abnormalities can provide
starting points for positional cloning strategies. Furthermore, an accurate identification
of the specific cytogenetic abnormalities can be of diagnostic and prognostic value.

In uveal melanoma several recurrent chromosomal abnormalities have been described.
Loss of chromosome band 1p36, monosomy 3, abnormalities of chromosome 6 and/or
gain of the q arm of chromosome 8 is observed In most tumors (Horsman and White,
1993; Prescher et al., 1995; Sisley et al., 2000). Loss of chromosome 3 and gain of the q
arm of chromosome 8 associate strongly with a decreased survival of the patient
{Prescher et al., 1996; Sisley et al., 1997). In contrast, chromosome 6 abnormalities are
associated with a better prognosis (White et al., 1998). Since most of these reported
abnormalities involve the loss or gain of whole chromosomes or chromosome arms, it is
difficult to determine which specific regions carry genes of particular importance to
tumorigenesis. Karyotyping and/or FISH analyses are used to detect chromosomal
changes in uveal melanoma. However, in some cases, detailed cytogenetic analysis can
be complicated by the presence of complex abnormalities.

We have applied comparative genomic hybridization (CGH)} and/or spectral
karyotyping (SKY) to two uveal melanoma cell lines and five primary uveal
melanomas, alongside conventional karyotyping and FISH, in order to more accurately
define the regions involved in the development of uveal melanoma. SKY is especially
useful in recognizing the origin of structural abnormalities (Schrock et al., 1996),
whereas CGH provides information on net losses and gains of chromosomal regions
(Kallioniemi et al., 1992).

MATERIALS AND METHODS

Patients and cell lines

Cytogenetic and FISH studies are routinely carried out in our laboratory on fresh uveal
melanoma and uveal melanoma cell lines. Five fresh tumors (EOM 159, 165, 178, 182
and 191) from eyes enucleated at the Rotterdam Eye Hospital and two cell lines (Mel202
and Mel270) were selected for the present study due to the presence of partially defined
and/or complex cytogenetic abnormalities. Sterile tumor specimens were collected after
enucleation at the department of pathology and processed as described previously
(Luyten et al,, 1996). In only three instances (Mel202, Mel270 and EOMI19]) was there
sufficient material to carry out CGH analysis.
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TABLE 3.1 CLINICAE, CYTOGENETIC AND SKY DATA OF Two UVEAL m:LANOMA CELL LINFS AND 5

PRIMARY UVEAL MELANOMAS
CasE#  SEX* Crrl TuMor  KARYOTYPE [ISCN,1995] UNDEFINED SKY
/AGE" TYPE ELOCATION CHROMOSOME ©

Mel202  F/ar  mixed choroid  50-53,XX[3]-N[131add0N)gr) +dic(1:9)pl 1;pI 1) +5[3%, 2dd(X)g) der(X)(19)gHR)

(cell tine) add{6)gP15) +add(6)(qp1 5).+7 #8348 del(5) add(6) (gl H)x2 der(Bu(6;17)(gPIoEx2
(q2P1)[2].del(9)qIr20iONp10)3] add(11)(q2dd  delD)(q2F1) der{an(9:17)(q201:3)
(16)(q11),add(18)(g21),dex(20)UB:20)g 1 2iq15),2dd(22)  add(}1)(q22) der{I1(11112)q223)
(p11)icpl6] 2dd(16)g11) der(16)(2:16):q11)

add(18)(g21} der{18)dup(18)

Mel270 M/ nr  mixed ciliary 4348, XY 0dd(@)(pR4) 4] udd(3)(g2)[5]der(B)r(6i17)  add(2)(pZrd) der(2)dup(2}

{celi Iine) body (pRF5:425)delE)g) psu | die(E)(g11).der(T) tadd(3)(q2) der(3)t(3;8)a2?)
del(7)(q22¢22)add(7}qaR)[B ] der(7)del(7)(q22q22) pyu i dic{6)q1E) der{6)i(6)
2dd(7)(g32)] 31 7der(8)(pH3]-S[512add(S)(p) 4], der{Tdel{7Hq22q27)  der(7)del(7Hg22¢22)
add(@Hp)i2] ~der(Pudd(9)(pldel(HqH2],-10[3], add(¥)(g32) 71 N(G32)
add(10)(qaN[3],2dd(12)p1 1)[3]-13[0Ladd(13} rder(8)(p) der{8)e8:21)(p21:7)
(p11),+16(3],2dd(16)(q1 1 1-18.ad (21 )p1 2] +mar radd{9)(p) der{9)dup(9}
[2UepTI/B1~87 XXYY der(B)U6; 1 THPZE:1q25)del(S) add(10)q%) der{10){10: 13)Kq2F)
{g?),psu 1 die(B)(ql1)x2 der(7)del(7){g22q22add(7) add(12)p11) der(12)dup{12)
(432)x2Ldd(10)(qa) +miurx2iep?] add(13)(p11) der{13)t(10:13)@;p1 1)

add{16)g1D) der(16)(16519% gl 15)
174 der(17)(7i 1T
add(21)(p1) der(21)¢(19:21)p1)

ECOMI59 F/38  spindle choroid  40~46,30X,add(2)(q3)[6],edd(5)q34)9].del(5) add(@)(q334) der(QUTE)gF4H
{gri[8]der(7il 7:3)p21;gr).2dd(10)(p1#4)[E].add add(5)(g34} der(5t(5:6aq34:)
{11}qIr[9] der(16)u(8: 16)grq2 1) [7}add(18)(g23){1]  Qer(Pi(7:8)(p21ig?)  der(TI(7:11(p217)
[epl0l/46XX [1] 313 )25

add{I0)}pli4) der{1038:10)(pl4)
add(11)ql4) der(1u(@:11)(Rq 1)

EOMISD M/43  spindle choroid  40~46,XY,add(6)(q21).der(7IL:7Hql L:036)+3(cp20]  add(6¥q21 der(B)t(6:6)(q16)

EOMI78 F/73  mixed choroid 4547, XX, del(1)(p21)add(G)p)[4]udd{FHq36).+8(2].  del(1Xp2l) der(1)e(1:15)p1 1)
-14[5)~15,2da(17)(p1 2) aringl3 cpi0] wdd(G}p) der{Bh(5;14)(pi?)

add{7}{g36) der(T)6:7)(7q36)
2dd(17)p12) der(I7(T:1THEp12)
{67

FOMI82 F/32  spindle choroid 46X N.der(6)u6:6)(qL6:p1 Dadd(22)(pl 1], add(22)q13) add22)p11) der(22UE 2N Hpl 1)
(16} 2dd(22)(q13) der(20)r(6:22)7a13)

EOM181 F/46  spindle choroid  4620%add(1)(g42).add(2)ig372).del(G)qlq2is).der(8)  add(1)qde) der(13(1:6)(g42:7}
(6:8)(p1 25gR4}.-16,0dd(16)(qP)add(1 7)(p13).add(2]}  add{4)(q32) der{4)t(4:6)(q312:7)
{p12), +marl, +mar2(19] add(16)(qr2) der(16)18;16){#qe2)

udd(17Xp13) der(17h(10:17)F:p13)

add{21)(p12) der(210(21:21)(p12:922)

marl der(21&:21)f:p12)
U62)imgr)

“Abbreviations: F, female: M, males nr, not reporteds "Age at time of diagnosis (in years); ©
conventional cytogenetic analysis;

< eryptic aberration

identified by
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Karyotyping and fluorescence in situ hybridization

Chromosome analyses were carried out after short term tissue culture and the findings
were described in accordance with the ISCN (1995). Results of the cytogenetic analysis
are shown in Table 3.1. For direct FISH analysis, uncultured cells were fixed with
methanol/acetic acid (3:1) and interphase FISH with locus/band specific probes was
performed with 2 range of probes using standard procedures (Arnoldus et al., 1990).
The probes used were: pl.79 (band 1p36), Pa3.5 (centromere 3), YAC 827D3 (band
3q24) (Caltech Genome Research Laboratories, USA), cos32 (band 6q23) and cos85
(band 6p21) {(Prof. ¥ Nakamura, Tokyo, Japan), D8Z2 (centromere 8), ETO (band
8q22), 105H8 (band 8pll). After hybridization and immunostaining, slides were
counterstained with DAPI and mounted in anti-fade solution (Dabco- Vectashield 1:1).
In each case, 300 nuclei per probe were scored according to the criteria of Hopman et
al. (Hopman et al., 1988). The cut-off values used, were those described by van Dekken
(van Dekken et al., 1990). Polysomy was defined as more than 2 hybridization signals in
more than 10% of nuclel, and monosomy as a single signal in more than 15% of the
nuclei, The FISH resuits are shown in Table 3.2. In addition, the chromosomal
abnormalities identified by SKY and CGH were confirmed with additonal FISH
analyses on metaphases using subtelomeric probes (Collaboration, 1996), locus specific
probes and whole chromosome paints.

Fig 3.1 Example of SKY analysis of EOM159.

Metaphase with DAPI staining (upper left panel), metaphase showing classification colors (upper right
panel) and Karyotype showing display and classification colors {lower panel). The der(2)1(2:6)(q324:2)
and der(103(8;10)(;p1?4) were not present this metaphase. Besides the described abnormalities. this
metaphase showed also loss of chromosome 4 and 10.
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Spectral karyotyping

Cytogenetic preparations were pre-treated with RNAse for 60 minutes at 37°C and
digested with pepsin for 10 minutes. After washing, cells were fixed In 1%
formaldehyde/50 mM MgCl; in PBS for 10 minutes, washed and dehydrated.
Hybridization for SKY analysis was performed according to the manufacturer’s
protocol with minor adjustments (Applied Spectral Imaging, Migdal Ha’Emek, Israel).
In short, after two days of hybridization, slides were washed with 55% formamide/2x
SSC (pH7.0) followed by 1xSSC at 39°C and 4xSSC/0.05% Tween20 at RT. Cells were
counterstained with DAPI and mounted in anti-fade solution (Dabco-Vectashield 1:1).
Using the Spectra Cube 200 system and the Skyview analysis software (ASI), 6 o 11
metaphases from each tumor were examined. Sky results are summarized in Table 3.1
and an example of SKY analysis in EOM 159 is shown in Figure 3.1.

Comparative Genomic Hybridization

DNA from formalinfixed paraffin-embedded tumor material (EOMI191) was isolated
from 30 5{im sections. The pigmented tumor was scrapedcoff from the glass slides using
a fine scalpel. Excised material was deparaffinized in xylene and ethanol and air-dried.
Isolation of the DNA was performed using the Puregene DINA isolaton kit (Gentra
systemns, Minneapolis, MN). DNA from cell lines (Mel202 and 270) was isolared using
standard techniques. Concentration was determined using a fluorometer (DyNA Quant
200™ Hoefer Biotech Inc., San Francisco, CA), whereas molecular weight of the DNA
was estimated on ethidium bromide-stained agarose gels.

Labeling of the DNA and hybridization were essentially performed as described (Alers
et al, 1999). Tumor DNA from EOMI91 (<1kb) was labeled using the ULS biotin
labeling kit (Kreatech Diagnostics, Amsterdam, The Netherlands). DNA from cell lines
Mel202 and Mel270 (>1 kb) and male reference DNA (Promega) were nick translated
{Nick Translation System, Gibco BRL, Gaithersburg, MD) with biotin or digoxigenin
respectively (Boehringer Mannheim, Indianapolis, IN). The probe mixwre of tumor
and reference DINA was denatured and hybridized to normal male metaphase
chromosomes (Vysis Inc. Downers Grove, IL) for three days at 37°C. After washing,
detection of the biotin- and digoxigenin-labeled DNA probes was accomplished with
avidin-fluorescein isothiocyanate (green) and ant-digexigenin rhodamine (red),
respectively. Samples were counterstained with DAPI in anti-fade solution.

Images were acquired with an epiffucrescent microscope (Leica DM, Rijpwijk, The
Netherlands) equipped with a cooled CCD camera (Photometrics Inc., Tucson, AZ),
three single excitation filters, a multi-band pass dichroic mirror and emission filters.
For CGH analysis the Quips XL software from Vysis {(version 3.1.1 Vysis Inc., Downers
Grove, IL) was used. For each case 9 metaphases were analyzed. Loss of DNA sequences
was defined as chromosomal regions where the mean greenTed ratio was below 0.85,
while gain was defined as chromosomal regions where the ratio was above 1.15. These
threshold values were based on series of (paraffin embedded vs. fresh) normal controls,
The CGH results are dipicted in Figure 3.2,
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RESULTS

Cytogenetic analysis of these 2 uveal melanoma cell lines and 5 primary uveal
melanoma revealed a totzl of 39 partially defined chromosome aberrations which
could be refined by SKY analysis. Of particular note is the high incidence of
involverment of chromosomes 6 and 8. In 34/39 aberrations SKY idenrtified the
translocation pariner. In the cell lines Mel202 no other chromosome material was
shown to be involved in the add(18) and add(22) and, likewise, in the add(2), fadd(9)
and add{12) of Mel270, suggesting duplication of regions on these chromosomes.
However, only for the add(2}, did OGH analysis confirm this duplication. Tt is possible
that the regions duplicated ox the other chromosomes consisted of amplicons too small
to be detected by CGH or, in case of Mel202, that the abnormalities were not shown by
CGH since they were not present in every metaphase analyzed. Furthermore, our
studies revealed two cytogenetic changes not identified by conventional chromosome
analysis. In Mel270 SKY showed a cryptc aberration where an apparently normal
chromosome 17 was found to consist of a translocation der(17)x(7;17)(:qF) (Fig. 3¢c). In
addition, CGH unexpectedly revealed a deletion of chromosome region 3q13~21 in this
cell line (Fig. 3.2). Examples of the resultss obtained from combining cytogenetic, SKY
and CGH analysis are shown in Figure 3.3.
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Fig. 3.2 Results from CGH analysis on two uveal melanoma cell lines and one primary tumor.
Lines on the right side of the ideogram reflect copy number increases; lines on the left represent copy
number decreases.
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Variation of chromosomes 6 and 8

In these seven uveal melanomas we observed frequent aberrations involving
chromosome 6. Combining the SKY results with interphase FISH, most of these
abnormalities could be further refined. In EOM65, EOM178 and EOM182, the extra
copies of chromosome band 6p21 found by FISH, suggested the involvement of this
region in the ftranslocadons of chromosome 6. However, in EOMI59, a
der(2)t(2;6)(q3?4;7) and der(5)t(5;6)(q34;?) were found by conventional cytogenetics and
SKY {(Fig. 3.2) but FISH analysis revealed gain of only one copy of 6p2l. Additional
FISH analysis on metaphases revealed involvement of band 6p21 only in the der(2).
Consequently, other chromosome 6 regions have to be involved in the der(5). In
EOMI191, chromosome 6§ material was translocated to marker 1 and chromosomes 1
and 4. FISH analysis refined marker 1 as a der(21t(8;21) (7:p12)e(6;21)(p2q?} and the
der(l) and der(4) as der(13t(1;6)(q42;q?) and der(4)1(4:6){q3?2;q7), respectively.

TABLE 3.2 RESULTS OF ROUTINE FISH ANALYSES ON INTERPHASE CEELS™
CELL LINE FISH ON INTERPHASE CELLS"
/TUMOR 1p36 cend 3q24 6p21 6q23 3pll cend 8q22

o o E 0o E o E o E o = o E o =
Mel202 2 2 2 2 2 2 234 3 1.2 1 4.5 5 4.5 3 5 6
M 27 2 24 2 2.4 2 124 34 48 12 1.2 23 24 23 24 23 24
EOM159 2 2 2 2 2 2 3 2 1,2 12 2 b4 2 2 7 24
EOM165 2 2 2 2 ND 2 2.3 2 1 3 3 3 3 3
EOM178 1 1 2 2 ND 2 4 2 2 2 2 23 2.3 2 23 23
EOMI82 2 2 2 2 2 2 34 3 1.2 1 2 2 2 2 2 2
EOMI91 2 2 2 2 2 2 4 3 123 1 2 2 2 2 3 2

* abbreviations ND. not done; ® Only significant cell populations (foss in >15% or gain in >10% of the
cells) are indicared; © Observed copy number by FISH aralysis; © Expected copy number based on
cytogenetic data; © Terraploid subclone is indicated in italies

Chromosome 8 abrormalities were also found to be more common than expected from
cytogenetic data. In Mel270, EOM159, EOM182 and EOM191 wanslocations involving
chromosome 8 were detected with SKY. The FISH results for chromosome region 8q22
showed, however, no unexpected copy numbers except for EOM191 (Table 2), In the
other cases, FISH with the 8g22 probe was negative, indicating that other regions of
chromosome 8 are the target of amplification. In one instance (EOMI182) this was
shown to involve the g arm of chromosome 8 since a subtelomeric probe for
chromosome 8q hybridized to the der(22)t(8;22)(;p11).
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Fig. 3.5 Examples of eytogenetic, SKY and CGH results in two uveal melanoma cell lines (A-
C) and one primary uveal melanoma (D). In each panel the partial karyorype describes specific
chromosomal abnormalities as found by conventional cytogenetics. In the SKY and CGH boxes the
chromosomes found to be participating in the abnormalities are shown,

DISCUSSION

Our findings indicate that abnormalities involving subregions of chromosomes 6 and 8
are far more common in uveal melanoma than previously assumed. Additional material
from chromosome 6 was revealed by SKY to be more than twice as common as
identified by cytogenetic analysis. Strikingly, in 11 out of 14 translocations involving
chromosome 6, FISH analysis showed involvement of at least band 6p21. CGH results
on two ceil lines and one tumor showed gain of a whole short arm of chromosome 6,
with loss of chromosome region 6q16~24. Structural variation involving chromosome 8
was identified by SKY in four tumors. This involved a total of seven different derivative
chromosomes. In only one instance (EOMI91) was this variation detected by the 822
FISH probe. These findings indicate that band 8q22 is probably not the target region
in uveal melanoma, The small CGH study would suggest that the chromosome regions
8g21.1~21.2 and 8q23~24 may be involved, since these regions were lost in all samples
analyzed. Overrepresentation of chromosome region 8q23-24~qter has also been found
to be the smallest overlapping region in other studies using CGH or karyvotyping
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(Speicher et al., 1994; Prescher et al., 1995). All these results have narrowed down the
regions of interest of chromosome 6 and 8 but the predictive value of these loci in
prognostic terms needs to be evaluated in a larger scudy.

In contrast to what is known from the literature (Horsman and White, 1993; Prescher et
al.,, 1995; Sisley et z2l., 2000), we did not observe monosomy 3 in any of the cases.
However, using CGH we did detect a deletion of chromosome region 3q13~q21 in one
cell line. Other studies have not reported finding this deletion {Speicher et al., 1994;
Ghazvini et al.,, 1996; Becher et al,, 1997) and it may be significant with respect to the
demarcation of a region on chromosome 3 harboring a potential uveal melanoma
tumor suppressor gene. As of yet, no known tumor suppressor genes have been mapped
to this region and more studies are required to determine the significance of these data.
The lack of monosomy 3 cases could be the result of non-random sampling, since the
tumors and cell lines were selected on the basis of pardally defined and/or complex
karyotypes, and on the availability of metaphases necessary for the SKY analyses. The
data in the present study support the earlier observations of (Parrella et al., 1999), of 2
mutual exclusivity of monosomy 3 and aberrations of the short arm of chromosome 6
in uveal melanoma. However, in non-selected series, we {unpublished results) and others
{White et al., 1998), have observed combinations of concurrent aberrations of
chromosomes 3, 6 and 3.

We have successfully applied spectral karyotyping and comparative genomic
hybridization alongside conventonal cytogenetics and FISH to unravel the genetic
changes in seven cases of complex uveal melanoma. We have shown that the great
advantage of combining cytogenetics with FISH, SKY and CGH is that it provides
complementary data that increase the level of resolution of the genetic studies.
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ABSTRACT
In uveal melanoma specific chromosomal abnormalities are known to correlate with
the risk of metastases. Usually, karyvotyping and fluorescence in siu hybridization
(FISH) analysis are used to detect these abnormalities and recent publications indicated
that loss of chromosome 3 and gain of chromosome 8q correlate strongly with a
decreased survival of the patient, whereas chromosome 6 abnormalities are associated
with z better prognosis. However, the evaluation of these chromosomal changes can be
compromised in patients treated with eyeretaining treatment protocols due to the lack
of tumor material.

In order to validate the use of fine needle aspiration biopsies (FINABs) and FISH for the
analysis of genetic prognostic markers, we analyzed 40 of uveal melanoma biopsies and
the corresponding main wmor with FISH. When possible cytogenetic analysis of the
tumor was also performed.

All biopsies were found to contain wmor cells and FISH analyses of the samples were
successful in all cases. Statistical analysis showed a very good agreement between the
FISH results from the biopsies and those from the main tumor. In only 2 out of 249
hybridizations (0.8%) did we find a small variation that could have led to a
misclassification. In one case, cytogemetic analysis pointed to relative losses of
chromosome region 1p36 and chromosome 3 in a triploid tumor.

Our results indicate that the application of FISH to fine needle aspiration biopsies is a
reliable method for assaying genetic prognostic parameters such as chromosome 3 loss
and/or chromosome 8q gain. Implementation of this method in a diagnostic setting
means that we are able to identify patients at risk of developing metastatic disease not
only in enucleated patients but also in cases treated with conservative treatment
modalities such as radiotherapy.
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INTRODUCTION

Uveal melanoma is the most common primary intraocular tumor with an annual
incidence of 0.7/100,000 in the Western population (Egan et al.,, 1988). Although less
than 2% of the patients have clinically detectable metastases at presentation,
approximately 50% of all patients ultimately die of metastatic disease. The median
survival after the diagnosis of metastasis is extremely poor. No effective treatment exists
for metastatic disease, but new approaches for the management of metastases, involving
mterferon, interleukin and a combined chemo- and immuno-therapy are under stady
{Albert et al., 1992; Nathan et al., 1997).

The predictive value of classic histological prognostic parameters such as tumor size,
vascular patterns and histologic cell type has been analyzed in several retrospective
studies. Additional clinical parameters associated with a poorer prognosis are
extrascleral growth, tumor location (ciliary body), older age and male gender (Mooy
and De Jong, 1996). Prescher et al. (Prescher et al., 1996} showed that loss of
chromosome 3, in comparison to tumor location or tumor diameter, is a better
prognostic parameter of relapsefree and overall survival. Sisley et al. (Sisley et al.,
1997) confirmed the prognostic value of monosomy 3 and, in addition, demoenstrated a
strong inverse correlation between the presence of additional copies of 8q and survival.
In contrast, patients with tumors having chromosome 6 abnormalities appear to have a
better prognosis (White et al., 1998).

Although enucleation is still indicated in large uveal melanoma, radiotherapy (such as
proton beam irradiation or plagque therapy, with or without transpupillary
thermotherapy) has become the first choice of treatment for patients with smaller
melanomas (Freire et al., 1997). A clear advantage for the patient is saving the eye and
vision, but the lack of histological specimens compromises the evaluation of the
prognostic markers. Since fine needle aspiration biopsies (FNABs) have been used
successfully for several years for intraocular tumor diagnosis (Char et al,, 1991; Shields
et al,, 1993), the analysis of FNABs offers 2n atractive and safe alternative in these
cases,

In the present study we have investigated the possibility of applying fluorescence in situ
hybridization (FISH) analysis to FNABs. FNABs were obtained ex vive, ie. after
enucleation of the tumor-containing eye, and directly used for FISH analyses. To
investigate whether these FNAB samples are a good representation of the main tumeor,
larger samples of the main tumor were processed for direct FISH analysis and
conventional cytogenetics. The results of the FNAB were compared with those of the
main tumor.
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MATERIAL AND METHODS

Patients and tumor samples

From January 1997 to December 1999 we have collected FNABs and marched tumor
material from forty uveal melanoma patients. These patients were referred for
enucleation of the affected eve to the Department of Ophthalmology, University
Hospital Rotterdam and the Rotterdam Eye Hospiral. Informed consent was given prior
to enucleation and the study was performed according to the tenets of the Declaration
of Helsinki. The mean age was 60.5 years (range 34-85); 19 patients were male and 21
female. The mean wumor diameter was 12.9 mm. Five rumors were derived from the
ciliary body and 35 from the choroid. Immediately after enucleation transvitreal
FNABs were taken and both the FNABs and fresh tumor material were processed for
FISH and/or cytogenetic analysis according to standard procedures. Histopathological
diagnosis and treatment of the patient were not compromised by biopsy collection.
Cytogenetic studies were carried out on peripheral blood samples of each of the
patients to exclude the presence of congenital balanced chromosome abnormalities.

Fine needle aspirations biopsies

After enucleation the bulbus was first wansilluminated to define the locatdon of the
rumor. A 25-gauge needle attached to a 10 ml syringe was inserted through the sclera
into the rumor and suction was appilied to the syringe. After sampling, the pressure was
equalized before removal of the needle in order to avoid seeding of tumor cells. Cells
were collected in culture medium, fixed in methanol/acetic acid and FISH preparations
were made as described (Hagemeijer et al., 1998).

Fresh tumeor material

Tumor specimens, collected after ex vivo FINABs. were processed as described (Luyten et
al., 1996). For direct FISH, one ml of the cell suspension was fixed and the remaining
cell suspension of the tumor was cultured. For cytogenetic analysis, cells were incubated
with colcemid (0.15 Mg/m)) for 6 hours at 37 °C and fixed. The chromosome
preparations were stained with acridine orange or atebrine to obtain R or Q) banding.
Cytogenetic abnormalities were described in accordance with the ISCN (Basel, 1985).
Remaining cultures were stored in N, and in one instance (EOM-121) used for
additional FISH studies. FISH analysis on metaphases using locus specific probes and
whole chromosome paints was carried out to further characterize the abnormalities in
cases where cytogenetic analyses revealed the presence of pardally defined
chromosomes.

Fluorescence in situ bybridization

Dual color FISH was performed using centromeric and locus specific cosmid, P1 or YAC
probes for chromosome 3 and 8. Probes for chromosome 1 and 6 were used if sufficient
materizl was available. FISH was performed using standard procedures (Hagemeijer et
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al., 1998). The concentration for centromeric probes was 5 ng per slide; for cosmids, P1
and YAC probes 50 to 75 ng per slide were used. The probes used were: pl-79 (1p36),
Pot 3.5 {centromere 3), YAC 82VD3 (3q24), cos85 (6p21) and cos32 (6q23) (Prof. ¥
Nakamura, Tokyo, Japan), Cos105HS (8pll) and D8Z2 {centromere 8) and ETO (Sq22).
After hybridization and washing, slides were counterstained with 4,6-diamidino-2-
phenylindole and mounted in antifade soludon (Dabco-Vectashield L:1). Signals were
counted in 300 interphase nuclel according to the criteria of Hopman et al (Hopman et
al., 1988). Cutoff limits for deletion (I5% of the nuclei with one signal) or
amplification (>10% of the nucleli with 3 or more signals) were adapted from the
available literature (van Dekken et al., 1990). Variation found by FISH {in FINAB and
the main tumor) were subdivided into 5 categories (Fig. 4.1): loss of one copy, normal
copy numbers (two copies), gain of one copy, gain of two copies, and gain of more
than two copies. When different subclones were identified, only the FISH findings of
the largest clone were used to classify the material.

Statistical analysis

To evaluate the agreement between the FISH resulis obtained from the FNAB and those
obtained from the direct preparations of the tumor, we calculated the overall kappa
{1}, as well as the kappa of all probes separately. Kappa below 0.20 was considered as a
poor strength of agreement, 0.21-0.40 as fair, 0.41-0.60 as moderate, (.61-0.80 as good
and 0.81-1.00 as very good. The Wilcoxon’s matched pairs signed rank sum test was
used to compare the number of FISH probes successfully used on the FINAB samples
with the number of probes used on the direct preparation.

RESULTS

Figure 4.1 shows the results of the FISH analyses performed on forty FNAB specimens
taken from enucleated eyes of uveal melanoma patients and the corresponding
primary wumors. The findings of the conventional karyotype studies on the primary
tumors are given in Table 4.1. Examples of karyotype analysis and FISH of patient
EOM-121 are shown in Figure 4.2. In this case no direct preparations could be made
because of shortage of marterial and a short-term culture {passage 1) was used for FISH
and karyotype analysis of the main tumeor,
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“TABLE 4.1 RESULTS OF THE CYTOGENETIC ANALYSIS OF THE MAIN TUMOR. i

TUMOR CYTOGENEYIC ANALYSIS OF MAIN TUMOR (ISCN, 1995)

EOM 1321 4647 XY, del(1Xp31p36).-3.der(4)t(1:4)(ql 2:921 ) +8,+21fcp31/45.X.-Y15] /46, XY]8]

EOM 123  46XY[22

EOM 125 TT6.X0N i 1:7Hpl 0:p 18 +dic(1: ) (p10:pl4) -3.+4.46.-7 +1(&){q10).+9.-11.-15,+16,+18,+20,
+#21 +29[cp12}/49-54.idem [cp?]

EOM 130 4148 XX.der{1)1{1:6)(pl LipF2}add(4)q1?2).-5.6.47 +8.+8.-9,2dd{11)(g13~14).add(11) (q13~14).-13,
-16,+22, +mar.ish der(6)(wepb+) +mar.ish der{16)(6:16){(wepb+wepl6+) [epb]

EOM 131 46.XX[11]

EOM136  41-44 XX.der(1:8)(q10:q10).ishider(1:8)(wep8+,2053b3+,p1. 164+ D872+ pucl, 77+ wepl+).-3,
-der(8).ishider()ins (p21q723¢724.1)del(8)(q22 22 wepS+.114C1 1+, 105HE+,p1.164+.2053b3+),-
15.del(16){q11g1?3).ishidel(18) (wepl6+,pHUR195-)[cpl5]

EOMI141 46, XY 42.dic(6:13)(q12:p10).dic(6:14)(q1 2;p10)[16]

EOM147 7.XY del(1)(p22)i5],2dd(7)(pr2){4].+8[2].-15[4],2dd(19){q123)[3] +mar{2][cp61/46.X¥[3]

EOM148  47.XYder(2)[21/46.XY.add(8)(q1 0% dert 15)t(1:15)(q 1:pl 1){11/45,X,¥[3]/ 46,XY[10]

EOM150 7XY +9,der(10)4(6:10)(p1 2:q26)[4]/47. XY +9[3]/46.XY[4]

EOMI51  46.XX.der(20)06:20)(p1 2:p12)[5]1/47 idem +8[4]/47 idem +8, psudic(17:15)(p1 3:p1 1)31/46,XX[3]

EOM152 45~48.XX-3.1(8)(q10}.+1(8)(q1 02.+3(8){q 10)[cp5]/47~40. XX +3[3].+6[2) +6[2 [ cp4]/46.XX[4]

EOMI157 47, XX +8[71/46.XX[10]

EOMI58  45X-¥[11]/48.XY[4]

EOM 159°  40~46. 3, der(2)t(2:6)(g374:3).der(5)6(5:6)(q34:2).del(B)(gH){3], der(M7:1 1)(p212)t(8:1 1)igr:a).
der(103(8:10) @plpd).der(11)t(8:11)(q 174).der(16)48:16)(gPq24)7],
der(18)(17:18)(:q28)[cp181/46. X[ 1]

EOM 160  40~42.XX.del(1}(p21),-3,46.1(8)(q10)[11-22.-18[ep51/47, XX del( 1 )(gP). der(1 1t(1:8)(piigh) o+ 78
9,del(11p)13/46.XX[10]

EOMI65°  40~46XY .der(6)t(6:6)(q16:).der(7)1{1:7){q1 2:936).+8[cp20]

EOMI66 47X N 3.+7.18)gl0Y 1}/ idem tetraploid[1]/46,XX[4]

EOM174  75.XXY.2dd(1)p)-3.+(6)(p}i(8)qsadd(9)p)1]

EOMI77  45-47.XY,5[2]+802),add(8)(p22).+add(8)(p22)[4],-9[2].del(15)(gP14¢P21),der(17)ing(17:13)
(q12:7q14921)del(17)(q22923),-19[2],-22 +mar{cp7]

EOM178"  4547XX, der(1)y(1:15)(p13 ) der(5)5: 14)(p2R), der(TIU6:T) (%:g36)+8[2)-14[5]-
15,der(37 (717} p 1236 T)ER)+ o(5) [epl0]

EOM179 46, XY15]

EOMIS0D  43-45X,-X.-3,i(8)(q10)+i8)(q10) +i(8B)(ql 0)[2],der{16:21)(q1 0:q10).der(22)[ 1 Jicp5 )/ tetraploid.idem.
nef2}

EOMI82" 46, XX,der{6)U(6:6)(g16:p12). der(@DB2NG:p11). der(22)0(6:22)(iq13){16]

EOMI87 45, X.-V.-3.4.1(8)(q10)+i(8)ql1 0}.+marf1]

EOM189 44. XY -1.-2,-3.dic(1:6)(q10:q1 0} +rinp[51/45,idem +8.[ 12]/90. XXX Y idem, +8.+81]

“In these cases conventional eytogenetics were supplemented with spectral karyotyping (Naus et al.,

2001)
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FISH results on the FNABs versus direct preparations of the main tumor.

All FNABs yielded sufficient tumor cells to allow FISH analysis. The number of probes
used in the FISH analysis on the FNABs was not significantly different from the
number of probes used on the direct mimor preparations (Wilcoxon’s matched pairs
signed rank sum test p=0.197). In 8 instances all 8 probes could be tested on the FNAB
and the main temor. In 39 out of 40 FNABs, the FISH of both chromosomes 3 and 8
could be analyzed. In one case (EOM138) the FNAB was of low quality and as a result
only chromosome regions 1p36 and 3q24 could be analyzed.
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Fig. 4.1 Results of the FISH studies carried out on 40 fine needle aspiration biopsies of uveal
melanoma and the corresponding tumor.

In 11/249 hybridizations discrepancies between the FISH results of the FNAB and those
of the corresponding tumor were detected (summarized in Table 4.2). In three instances
{regions 8pll/8q22 (EOMIS51), 8q22 (EOMI157) this variation was due to the
classification (three versus four copies of chromosome 8) and did not represent real
differences. In one tummor (EOM171), FISH results of the FINAB suggested an additional
chromosome 8 (gain of all chromosome 8 probes), whereas the tumor suggested the
formation of an isochromosome 8q {normal chromosome 8pll, gain of centromere 8
and gain of two copies of chromosome 8g22). Thus, in both cases, gain of chromosome
Bq was observed. In 6/249 hybridizations FISH showed normal copy numbers in the
FNAB but abnormal numbers in the tumor samples. In 5 of these 6 hybridizations
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(EOM148 (centromere 8), 150 {6q23), 151 (3q24) and 178 (8p11/8q22)) this concerned
small abnormal subclones (12-17% of nuclei) that were detected in the main tumor,
whereas they remained undetected in the FNAB. In EOMI138 a subclone of 32% of
nuclel showing gain of chromosome region 1p36 in the main tumoer was not found
when analyzing the FNAB. To investigate the agreement between the FISH results of the
FNAB and those of the direct tumor preparation, we calculated the weighted kappa of
all probes separately and an overall weighted kappa. The overall weighted kappa was
095 (range for the probes separately 0.90-1.00), indicating a very good agreement
between the FISH results obtained from FNABs and those obtained from the main
mmor.

TABEL 4.2 FISH RESULTS OF CASES WFTH DISCREPANCIES BETWEEN FNAB AND TUMOR"

FUMOR Locus  MATERIAL® COPY NUMBER DETECTED BY FISH (% Ix FNAB/ Tumor)®
1 2 2 4 >4
EOML38 1p36 BT 2/0 83 /61 1/6 8/32 171
E0M148 cen 8 F/T o/ 90 /83 2/12 8/3 a/0
EOMI50 623 /T 4417 91 /77 3/6 2/0 0/
EOM151 3q24 BT 5 /16 78 /83 10/1 6/0 0/0
8pll /T 6/0 93 /8 41/18 36 /77 1/0
8ga2 F/T /0 23/6 35/10 29 /65 12/19
EOMI57 22 F/T /0 59 4 60 15 /25 26 /15 0/0
EOMI7! 8pll BT 0/0 8/98 91/3 1/t 0/0
2z F/T 0/0 7/2 89/ 13 4/ 84 0/1
EOMI78 3pli /T 2/0 98 s 87 0/12 0/1 0/0
322 /T 0/0 96 /83 4/15 0/2 0/0

* only cases in which differences in chromosome copy mumbers were observed between FNAB and
corresponding tumeor are indicated in this table.

® F, FNAB: T, tumor

¢ percentage of cells in FNAB / tumor showing 1. 2, 3, 4 or >4 FISH signals, respectively, for the
investigated chromosome focus

FISH results versus cytogenetic analysis of main tumor.

Cytogenetic analysis of the melanomas could be performed in 26/40 cases. We found
variation between the FISH findings of the FNABs and main tumors and those expected
from the cytogenetic analysis. In most instances (EOM 130, 147, 159, 165, 177, 178 and
182) the variation was due to the presence of partially defined or complex cytogenetic
abnormalities and could be resolved by applying metaphase FISH wsing whole
chromosome paints, or spectral karyotyping (Naus et al, 2001), In other cases
(EOM123, EOMI157 and EOMI158) normal karyorypes were found after culturing,
whereas FISH revealed abnormalities. In two cases (EOM174 and EOMI187) only one
metaphase could be analyzed due to poor tumor growth in vitro, and in 5 other cases
(EOM148, EOM150, EOM151, EOM152 and EOMI169) minor variations were found
between the cytogenetic and FISH results. Jn EOM125 the FISH analyses revealed 2
copies for the chromosome 1p56 and centromere 3 probes. However, cytogenetic studies
showed a triploid karyotype with only two copies of chromosome region 1p36 and

58



CHAPTER 4

disomy for chromosome 3. This indicates a relative loss of these chromosome regions in
this tumor, although the FISH had shown no abnormalities.

DISCUSSION

In this study we describe the application of fluorescence in sétu hybridization for
determining of the presence of genetic abnormalities in fine needle aspiration biopsies
of uveal melanoma. The results of our study indicate that the tumor cells obtained by
the FNAB are representative of the main tumor and that the chromosomal aberrations
detected by FISH in these FINAB specimens are concordant with the major clonal
genetic changes observed by conventional cytogenetics or FISH analysis of the main
tumor.

In 249 out of 293 hybridizations we investigated both FNAB and the matched tumor
and statistically we found a very good agreement between the FISH results of the FINAB
and those of the main tumor. Variation between these results was observed for
individual probes in 11 hybridizations, a total of seven cases. However, because more
than one probe had been used for the identification of each chromosome, in six of
these tamors (EOM148, 150, 151 (chromosome 8), 157 ,171 and 178) the presence of
prognostically significant genetic variation could still be established. The results of only
in 2 out of 249 hybridizatons (0.8%) would have led to the misclassification of the
mumor. In EOM138 we only observed a gain of chromosome region 1p36 in 32% of the
main tamor cells and not in the FNAB. Gain of chromosome 1 is a very rare finding in
uveal melanoma and the prognostic relevance of this abnormality is unknown. In
EOM151 only the main tumor showed a subclone with loss of chromosome region 3q24,
whilst the centromeric probe for chromosome 3 showed normal copy numbers in both
tumor and FINAB samples. In one case, EOM125, the relative loss of chromosome 1p36
and chromosome 3 could not be demonstrated by FISH alone (both in tumor and
FNAB) and cytogenetic analysis was necessary to reveal the hypertriploid karyotype.
The identification of such cases could be improved by the use of a reference probe for
DNA pleidy, for example centromeric probes for chromosomes 2, 12, or 13,
chromesomes, which are rarely involved in numerical abnormalities in uveal
melanoma.

The differences between FISH and cytogenetic analysis can be explained by culture
artifacts since the overgrowth of normal cells is not rare when culturing tumor cells.
Addidonally, FISH has an increased level of resolution for the detection of genetic
abnorrozalities that may not be visible by conventional chromosome studies.

Sisley recently demonstrated, using cytogenetic techniques, that all major clonal
alterations were detectable in both FNAB and the main tumor (Sisley et al., 1998). They
showed that with short time cultures of FNABs, conventional cytogenetic analysis was
possible in 60% of the cases. The advantage of FISH for identifying genetic variation,
as we have demonstrated in the present study, is that it is easler to perform and the risk
of selecting particular cell populations during culture is avoided.
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Folberg et al. (Folberg et al., 1985) found only a modest correlation (r=0.57) between
the standard deviation of the nucleclar area measured in FNABs and that measured in
the matched enucleation sample and concluded that the FNABs were unsuitable for
determining prognosis using these parameters. However, the differences in sample size
between tumor {200 cells per sample) and FNAB (50 cells per sample) in their study
could explain their results.

Fig. 4.2 Examples of cytogenetic and FISH amalysis in uveal melanomaz and FNAB. A)
Representative karyotype of patient EOMI2L: 47 XY.,del{1)}(p31p36),-3.der(4)t{134) (q12:921), +8,421. B)
Nuclei isolated from shortterm culture of the tumor specimen hybridized with chromosome 3g24
(green) and 1p36 (red) probes. C} Nuclei isolated from FNAB hybridized with probes for centromere 3
(green} and centromere 8 (red).

One must keep in mind that these FNAB were performed ex wvivoe under ideal
circumstances and we were able to use up to 8 probes to compare the FISH results of the
FNAB with those of the matched tumor. When these biopsies are taken under less
favorable ie. in vivo conditions, FISH analysis using probes for chromosome 3 and 8
will be sufficient to predict the outcome of the partient since it is generally accepted that
variation of these chromosomes are of high prognostic significance.
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Up until now, no specific regions or genes on chromosome 3 and 8 involved in the
tumorigenesis of uveal melanoma have been identified. However, from our
comparative genomic hybridization and spectral karyvotyping study, we do have
indications that region 8q21.1~21.2/8¢23~24 and 3q13~g2] may be involved {Naus et
al., 2001). Should these regions prove to be the target regions, more specific FISH
probes can be designed in order to improve the predictive outcome of this technique.
Qur results clearly demonstrate that FISH analysis of FNAB specimens can be used to
examine for the presence of specific chromosomal abnormalities in the tumor cells of
uveal melanoma patients, This method is particularly suitable in cases where no tumor
tissue has been resected and/or when patients are treated with eyeretaining treatment
protocols such as irradiation or radicactive plaque therapy. Detection of these
abnormalities provides important additional information for predicting the outcome
of these patients and will help to recognize those individuals particular at risk of
developing metastatic disease. The earlier detection of metastases and, if available, the
introduction of appropriate adjuvant therapies during primary treatment could
contribute to a better survivai rate of uveal melanoma patients.
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CHAPTER 5
AB_STRACT

Objective To investigate whether chromosomal abnormalities can be detected by
fluorescent in situ hybridization (FISH) on fine needle aspirate biopsies (FNAB) of
suspect small pigmented uveal lesions in order to differentiate between choroidal nevus
and melanoma.

Methods Transvitreal FNAB of three suspect small melanocytic uveal lesions with
presence of clinical high-risk factors and no documented growth, were analyzed by
fluorescent in situ hybridization (FISH). In addition, diagnostic cytology was
performed.

Results FISH revealed extra copies of chromosome 8 in the biopsy sample of one
patient who was subsequently treated by enucleation. Histopathology confirmed the
diagnosis of malignant melancma in a preexisting nevus. Cytology could not
differendate between nevus and melanoma in all cases. In two other biopsies no
chromosomal abnormalities were detected by FISH. These patients were followed for
two years without any sign of tumor growth.

Conclusion FISH analysis of FINAB should be considered in cases of small melanocytic
choroidal lesions to differentiate between nevus and melanoma and to guide the
ophthalmologist in the management of small melanocytic uveal lesions.
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INTRODUCTION

Management of small melanocytic choroidal lesions has been a matter of controversy
for a long time. In the recent past, observation of small melanocytic lesions was advised
until tumor growth was documented. At present, early treatment is advised (Shields and
Shields, 1993). Shields found in a large series of small melanocydc choroidal lesions
that tumor thickness greater than 2 mm, posterior margin touching the disc, visual
symptoms, orange pigment and subretinal fluid, predict an increased risk for tumor
growth up to 56% if all risk factors are found (Shields et al., 1995; Shields et al., 2000).
Risk factors for distant metastases are turmor thickness, documented growth, distance to
the optic disc, and ocular symptoms (Shields et al,, 1995). These observations can guide
the ophthalmologist in deciding whether to treat the patient or not (Shields et al., 1995;
Shields et al., 2000). The overall risk of developing metastatic disease from a small
melanocytic choroidal lesion is 3% within 5 vears. However, patients with a tumor
carrying all high-risk factors do have 19% risk of developing distant metastases (Shields
et al.. 1995). In a meta-analysis of small melanomas a mortality rate of 16% was found
after five years (Diener-West et al,, 1992). Despite the definition of these risk factors, the
distinction between a benign nevus and 2 malignant melanoma remains difficult.
Cytogenetic studies on enucleated eyes of patients with a uveal melanoma have revealed
that specific chromosomal abnormalities, le. loss of chromosome 3 and gain of
chromosome 8q, are associated with poor prognosis (Prescher et al.,, 1996; Sisley et al,,
1997; White et al,, 1998). In most of the studies, classic cytogenetic analysis has been
used to investigate the chromosomal abnormalities which is informative in only 60 to
70% of the cases. Fluorescent in situ hybridization (FISH) can be used to study the
presence of chromosomal variation in interphase nuclel. We recently demonstrated that
FISH is suitable for the detection of chromosomal abnormalities in paraffin-embedded
tissue and fine needle aspiration biopsies of uveal melanoma. FISH is informative in
100% and chromosomal abnormalities are detected in 81% of the cases (Naus,
submitted).

In the present smudy, three patients with a small melanocytic choroidal lesion are
described, who presented with clinical risk factors for tumor growth and metastasis but
without documented tumor growth over a prolonged period of time. Because of these
discrepancies, we performed transvitreal fine needle aspiration biopsies (FNAB) to
investigate the nature of these lesions by cytology. Since only a small sample of material
is needed for FISH, FISH analysis was performed on the FNAB before therapeutic
interventions were considered.
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PATIENTS AND METHODS

In three patients, referred to our clinic berween 1992 and 1994, a suspected melanocytic
lesion was found and at tha: time, observation was advised. After re-evaluation of these
patients between October 1997 and March 1998, we decided to perform transvitreal
FNAB in order to differentiate between a benign choroidal nevus or a small uveal
melanoma and to assess chromosomal abnormalities in order to predict the risk of
metastases. Prior to FNAB an oncologic examination was performed in all patents
including indirect ophthalmoscopy, fluorescent angiography (FAG) and an A- and B-
scan ulrrasonography (USG). To exclude distant metastases or other primary tumors,
the patients were examined by the oncologist, including X-thorax, liver
ultrasonography and blood tests. All patients gave informed consent.

Transvitreal FNAB procedure

A pars plana vitrectomy was performed under general anesthesia with the use of a three
port vitrectomy system. All vitreous in front of the mumor was removed. For the biopsy,
a special 25 gauge biopsy needle connected to a 20-ml syringe via a silicon tubing was
used (Medical Workshop, Groningen, The Netherlands) (Figure 5.1). After perforating
the redna the needle was inserted into the tuwmor and careful suction was applied.
Under high magnification of the operating microscope, the needle was axially rotated
with great care to release tumor cells from the tumor, suction was then released and the
needle was withdrawn from the eye. The FNAB material was collected in culture
medium (RPMI 1640/HEPES supplemented with 10% fetal calf serum and 1%
penicillin/streptomycin} to prevent lysis of the cells, and processed for cytology and
FISH analysis.

Cytology and FISH analysis

A single cells suspension was prepared from the FNAB material. For the cytology study
of the specimens, drops of the single cells suspension were placed on a slide, air dried,
fixed in methanol) and stained with Giemsa. The rest of the single cells suspension was
treated with a hypotonic solution (0.075M KCl), fixed three times with methanol/acetic
acid (8:1), and dropped onto clean glass slides which were air-dried overnight. Dual
color FISH was performed using specific DNA centromeric and/or cosmide probes for
chromosomes 3 and 8 and, when sufficient material was available, also for
chromosomes 1 and 6, wsing standard procedures (Hagemeijer et al, 1998). The
centromeric probes PO3.5 (Waye and Willard, 1989) for chromosome 3 and D8Z2
(Donlon et al., 1987) for chromosome 8 were used at concentration of 5 ng per slide.
The cosmid probes P1.164 (8q22) (Sacchi et al., 1995), cos52 (6q23) (Prof. Y. Nakanmra,
Tokyo, Japan) and pl-79 (1p36) (Buroker et al, 1987) were wused at higher
concentrations of 50 to 75 ng per slide. After hybridization and washing, the slides
were counterstained with DAPI and mounted in anti-fade (Dabco-Vectashield 1:1).
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Monosomy was defined when >15% of the cells showed loss of one signal; polysomy
when >10% of the cells showed gain of a copy.

REPORT OF CASES

Case 1

A 47-year-old woman complained of an irritating right eye at consultation in October
1994. At that time the visual acuity was finger counting in the right eye and 20/20 in
the left eye. A melanocytic lesion with a twmor diameter of 7.5 mm was found in the
macula region, 1.5 mm from the optic disc, The melanocytic lesion showed drusen and
subretinal fluid, but no orange pigment (Figure 3.2a). The USG showed a tumor
thickness of 3.8 mm with a low internal reflectivity and a choroidal excavation. The
tumor was clinically diagnosed as a lesion suspect for a small choroidal melanoma, but
no treatment was applied. The subretinal fluid was treated by low dose radiotherapy (15
Gy in five fractions). During 3 years of follow-up, progression of the lesion could not
demonstrate by serial FAG and USG. In October 1997 the patient was re-evalnated and
it was decided to perform a transvitreal biopsy because of high risk of metastatic disease
(mmor thickness > 3 mm, ocular symptoms and distance to the optic disc < 3 mm).
Farthermore, local subretinal fluid did not respond to low dose radiotherapy.

Fig 5.1 A 25 gauge biopsy needle connected to a 20-ml syringe via a silicon tubing

Case 2

A B6-year-old woman presented in 1992 with a 9 mm melanocytic lesion in the inferior-
temporal quadrant, 1.5 mimn from the fovea of her left eye. The mumor showed some
drusen and subretinal fluid but no orange pigment (Figure 5.2b). Her visual acuity was
20/20 in both eyes. The tumor showed a tumor thickness of 3.8 mm with low-reflectivity
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and choroidal excavation as measured by USG. Although treatment was considered, the
tumor showed no progression on examination by serial FAG and USG; therefore
observation was continued. In March 1998 the patient was reevaluated and was
considered as having increased risk of growth (based on tumor thickness and distance
to the fovea). However, tumor growth could not be demonstrated and the patient had
no visual complaints. At that time it was decided to perform a FNAB to verify the
malignant nature of this tumor.

Fig 5.2 Fundus photographs of case 1, 2 and 3. A) Case 1. Right fundus October 1994; B) Case 2.
Fundus photograph of the left eye C) Case 3. Fundus photograph of the left eye; D) Case 3. Choroidal
nevus 1 day after FNAB: notice limited pre-retinal blood

Case 3

A 48-year-old woman was referred to our department in 1992 with 2 melanocytic lesion
in the posterior pole of the left eye. The tumor had tumor diameter of 7.5 mm, showed
subretinal fluid and was located 2 mm from the optic disc (Figure 5.2c). The wmor
thickness was 2.8 mm as measured by USG. Her visual acuity was 20/20 in the right eve
and 20/60 in the left eye. Tumor growth could not be demonstrated and observation
was advised. At the time of reevaluation in January 1998, a wansvitreal biopsy was
advised because of the tumor size, the subretinal fluid, visual symptoms, and distance to
the optic disc and fovea. One-day postoperatively, some pre-retinal blood was found,
but this subsided after I week (Figure 5.2d).
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RESULTS

Case 1

The cytology specimen showed partly cohesive cells and single cells. All cells showed a
polygonal appearance with round to oval nuclei and abundant cytoplasm. Melanocytic
granules were scattered within the cells. Prominent nucleoli could not be demonstrated
{Figure 3a). Three spots of the centromeric region of chromosome 8 were found in 26
of 100 nuclei {Figure 3b), with no loss of chromosome 3 (Table 5.1}. Gain of
chromosome 8 is suspect for malignant transformation and therefore prompt treatment
was advised. The tumor-containing eve was enucleated and histopathologic examination
confirmed the diagnosis choroidal melanoma. The tumor contained spindle cells as
well as epithelioid cells in a preexisting nevus (Figure 3c). FISH analysis on the umor
specimen confirmed the FISH findings of the FNAB. After 36 months of follow-up the
patient showed no local recurrences or distant metastases.

TABLE 5.1 COPY NUMSBERS CHROMOSOMAL REGIONS DETECTED BYFISEL .~

Cast 1 CasE 2 ' CasE 3

FNAB TUMOR FNAB FNAEB
PROBE No.  Gopy No. CopY PROBE No. Copy PROBE NO.  COPY
CELLS NUMBER % CELLS  NUMBER % cELLs NUMBER % CELLS NUMBER %
1 1 1 8 1 4 1 3
cen3 100 2 & 50 2 52 1p36 142 z % 1p36 38 2 &
3 2 3 3 0 3 0
4 10 4 2 4 0 4 3
1 1 1 0 1 3 1 3
2 62 2 B4 2 95 2 94
cen8 100 3 26 50 3 34 cen 3 121 3 1 cen 3 37 3 o}
4 4 4 1 4 3
L >4
1 1 1 4 1 5
6q23 100 2 % cen 8 121 z %4 cen 8 37 z 2
3 6 3 0 3 0
4 o 4 2 4 3
4 o] 1 3
2 10 2 g4
8q22 142 0 6923 38
0 3 0
4 0 4 3
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Case 2

On cytological examination, the major part of the cells was disrupted and therefore cell
shape could not be determined. The background showed melanocytic granules. The
nuclel were round to oval without prominent nucleoli. Malignant transformation of
this tumor could not be demonstrated by cytology. FISH analysis (Table 1) showed no
chromosomal abnormalities for chromesome 1, 3, and 8. Thus no chromosomal
abnormalities indicating 2 high risk for metastases were detected, After 32 months of
observation there are no signs of tamor growth or distant metastases.

Case 3

Cytology showed abundant melanocytic granules with normal appearing nuclel. FISH
analysis on only 37-38 nuclei revealed no chromosomal abnormalities for chromosome
1, 3, 6, and 8 (Table 5.1). Treatment was not applied. Thirty-five months after the
procedure mumor growth or distant metastases could not be demonstrated.

Fig 5.3 Case I A) Cytology of FNAB specimen; B) FISH analysis: 3 green spots for chromosome 8 and
2 red spots for chromosome 3: C) Enuclearion specimen: epithelioid melanoma cells in a pre-existing

newis,

COMMENT

The distinction between choroidal meianoma and choroidal nevas can be very diffienle
based on the clinical parameters alone. Clinical risk factors predicting tumor growth
and metastasis in small uveal melanoma, can help the clinician in the management of
these lesions (Shields et al., 1995; Shields et al., 2000). Due to improvement in the
knowledge about defining patients at risk and the increased experience in specialized
oncology units, the rate of misdiagnoses has been decreased to less than 0.5%. In our
patients clinical differentiadon between choroidal nevus and small melanoma could
not be made. At the time of presentation, observation was advised unless documented
growth could be demonstrated. After three, five and six years, respectively of follow-up
tumor growth could not be demonstrated. The present clinical practice, however,
advocates weatment of small melanocytic tumors based on the ocular symptoms, tumor
thickness, subretinal fluid, orange pigment, and distance to the optic disc and fovea.
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The discrepancy between the presence of clinical risk factors for growth and metastases
on one hand and the absence of growth over a three to six year period on the other
hand, caused a therapeutic dilemma in our patients. Therefore, we decided to perform
a transvitreal fine needle aspiration biopsy (FNAB) in these patients for cytological
examination and to investigate the presence of chromosomal abnormalities by FISH
analysis.

Cytological examination was not conclusive in all three patients which is in accordance
with the relative contraindication for FNAB of a suspected intraocular tumor to
differentiate between a large nevus and a small melanoma (Shields and Shields, 1993;
Char and Miller, 1995; Char et al, 1996). However, FISH analysis was helpful in all
cases: In first patient FISH analysis showed extra copies of chromosome 8q in the FNAB.
Since in §1% of uveal melanomas chromosomal abnormalities can be found and extra
copies of chromosome 8q are associated with high risk for metastatic death in uveal
melanoma, prompt treatment was applied. Although radiotherapy was advised the
patient preferred to have an enucleation. The FISH analysis of the paraffin-embedded
tumor confirmed the findings of the FISH on the FNAB. In patient 2 and 3 the FISH
analysis did not reveal chromosomal abnormalities. This does not imply that these
lesions are benign tumors, since in some cases of large uveal melanoma no
chromosomal abnormalities have been detected. We therefore cannot exclude a
malignant melanoma based on our FISH findings. However, since no chromosomal
aberrations were found, we classified these patients as low-risk for metastatic disease
and further observation was advised until tumor growth is documented. Although the
follow-up time after the procedure is relatively short (32 and 55 months respectively) no
tumor growth or distant metastases have been found in these patients.

Fine needle aspiration biopsy (FINAB) is a safe method of obtaining tumor material
from patients with a suspect melanocytic choroidal lesion (Char et al., 1989; O’Hara et
al., 1993). Performing FINABs on malignant tumors always raises the question whether
there is an increased risk of spreading melanoma cells in the vitreous and at the
vitrectomy ports. From previous reports we know that the relative risk for vitreous
seeding and recurrences is very rare {Shields et al., 1993; Char and Miller, 1995). In one
study, however, the authors did find tumor cells in the fine needle tract in 8 out 15
biopsies (Glasgow et al., 1988). This study was performed on enucleated eyes, without
proper visual control under the operating microscope and no vitrectomy was
performed prior to biopsy. The risk for serious complications is relatively low(Shields et
al., 1993; Char and Miller, 1995). In a larger series no retinal detachments were
documented. Subretinal and vitreous hemorrhages are described, but are of no
significance after one week postoperatively. Only in case 3 we did experience some pre-
retinal blood, which subsided after one week,

FISH analysis is a reliable method for detecting the abnormalities in chromosome 3
and 8 in FNABs. At our institute, ex vivo FNABs (after enucleation or local resection) in
a series of 40 patients were informative in 100% of the cases and the FISH analysis of
the FNAB were concordant with the FISH analysis in the whole tumor (Naus,
submitted). In a recent study, Sisiey and coworkers, found also chromosomal
abnormalities in FNAB with a cytogenetic analysis with short time culture (Sisley et al.,
1998). FISH has been used in one other study of McNamara for the detection of loss of
chromosome 3 in fresh uveal melanoma specimens (McNamara et al.,, 1997).
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These three cases illustrate that FISH analysis on FNAB can be helpful in the
management of patients with a small melanocytic choroidal lesion resulting in reduced
morbidity. Furthermore, FISH analysis on FNAB samples from classified uveal
melanoma could be used to improve the prognostic accuracy prior to treatment. Char
et al, in a study of cytopathologic analysis of FNABs before radiotherapy, found a
correlation between the detection of epithelioid ceils in the FNAB and survival of the
patents (Char et al.,, 1996). By defining the risk of metastases in FNABs, trearment of
uveal melanoma might be optimized and adjusted for an individual patient. Whether
the detection of these chromosomal abnormalities will eventually lead to a change in
the management of uveal melanoma, requires future investigations.
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CHAPTER 6

ABSTRACT

We report on the establishment and characterization of two primary (EOM-3, EOM-29)
and three metastatic uveal melanoma cell lines (OMM-1, OMM-2, OMM-3), and further
cytogenetic characterization of a previously described primary uveal melanoma cell line
(OCM-1). Only a few long-term growing primary uveal melanoma cell lines have as yet
been established, while of metastatic uveal melanoma cell lines we have found no
descriptions. The morphology of the in vitro cultured cells varied from spindle to
epithelioid. The cell lines were characterized by immunocytochemistry, electron
microscopy and cytogenetical analysis. The relative growth rate was determined by
bromodeoxyuridine (BrdU) incorporation. The melanocytic origin of the cell lines was
determined by the posirive staining with antibodies identifying melanoma associated
antigens. Melanosomes and preimelanosomes were indeed observed by electron
microscopy in all cell ines. The stem cell karyotype was found to be normal in three
cell lines (EOM-29, OMM-2, OMM-3) and abnormal in three others (EOM-3, OCM-1,
OMM-1) showing a net loss of chromosome 6. The OCM-1 and the OMM-1 cell lines
even demonstrated a large amount of sgructural chromosomal aberrations, the former
being near tetraploid and the latter triploid. The EOM-29 cell line, cultured from an
ciliary body melanoma, did not show the previously described chromosome 3 and 8
abnormalities.
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INTRODUCTION

Uveal melanoma is the most common primary intraocular tumour in adults (Egan et
al., 1988). These tumours spread haematogeneously and preferentially to the liver. A 50
% overall incidence of metastasis occurs within 15 years after initial treatment by
enucleation or radiotherapy of the tumourcontaining eye (Kath et al., 1993). After
clinical diagnosis of hepatic metastases, median survival is extremely poor: between two
and seven months (Kath et al,, 1993). The biclogical and molecular properties of the
successive steps involved in uveal melanoma progression and metastasis could be studied
in detail once established uveal melanoma cell lines were available. A limited number
of cell lines obtained from primary uveal melanoma have indeed been described (Kan-
Mitchell et al., 1989; Aubert et al., 1993; Massarelli et al., 1994; De Waard-Siebinga et
al., 19095), but not from metastatic uveal melanoma.

In this study, we report on the successful establishment of two primary (EOM-3, EOM-
29) and three metastatic uveal melanoma cell lines (OMM-1, OMM-2, OMM-3) in our
institute. These cell lines were characterized by immunocytochemistry, light and
electron microscopy, and cytogenetic analyses. The relative growth rate was determined
by bromodeoxyuridin (BrdU) incorporation. In addition, a previously described
primary uveal melanoma cell line, OCM-1 (Kan-Mitchell et al., 1989), was further
characterized by extended karyotypic analysis.

MATERIAL AND METHODS

Tumour material

After enucleation of the uveal melanoma containing eye, part of the ocular tumour was
taken for cell culture. The eye was further histologically examined to confirm the
diagnosis. When, during follow-up of the patient, metastatic disease was suspected, a
biopsy was taken for diagnosis and for cell culture. All patients had given full informed
consent. Between January 1992 and May 1993, cells of the primary tumours of 16
patients and of the metastatic tumours of four patients were processed for culture. The
patients with primary uveal melanoma ranged in age from 22 to 87 (mean: 56.8); nine
were female and seven were male; eight patients had a choroidai and eight patients had
a ciliary body melanoma; three patients had a spindlecell tumour, nine had a mixed-
cell tumour and four had an epithelioid-cell tumour; tumour diameter ranged from 3
to 22 mm (mean: 11.6 mm}. The patients were followed until May 1995; two patients
died of metastatic disease and one is alive, 6 months after detection of a metastatic
lesior in the subcutis. From all four patients with metastatic disease tumour material
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was obtained from sub-cutaneous lesions. From one patient the primary as well as the
metastatic mumour were available.

Culturing methods

The rumour material was processed and cultured within one to three hours after
dissection as described by Luyten e ol (Luyten et al, 1993). In brief, the tumour-
containing eye or the metastatic lesion was dissected under sterile conditions. A full
thickness biopsy was taken and transported in Dulbecco’ssmodified-Fagle's medium
supplemented with 10% fetal calf serum, and 1% penicillin/streptomycin (full DMEM).
The tumour material was suspended with a small pair of scissors and strained through a
linen cloth by continuous irrigation with full DMEM. The resulting suspension of single
cells and to a lesser extent of small clumps of tumour cells, was then washed two or
three times with full DMEM. This washing was repeated depending on the amount of
pigment. The cells were seeded in a culture flask (Falcon plastic T-30) with 5 ml full
DMEM at 5% CO. (37°C). After one week the medium was renewed while the non-
attached celis were discarded. Subsequently, the culture medium was changed twice a
week. At reaching confluence, the cells were detached with 0.05% trypsin and 0.5 mM
Nao.EDTA and subsequently subcultured. Depending on the growth rate the cultures
were passaged at 1:2 to 1:10 dilutions.

BrdU incorporation

To measure the logarithmic growth rate of the cells in culture, the cells were incubated
in culture flasks for six hours with 1 mM BrdU (Boehringer Mannheim, Almere, The
Netherlands). After being washed and detached, the cells were centrifuged onto object
glasses, fixed in 2 M HCL at 37°C for 30 minutes and then incubated in 0.1 M borate
buffer pH 8.5 at room temperature for five minutes. The cells were subsequently washed
twice with PBS and incubated for 30 minutes with a peroxidase-conjugated
immunoglobulin of a mouse monoclonal antibody specific for BrdU (Boehringer
Mannheim; diludon 1:33) in 1% BSA/PBS. After washing with PBS again, the
incorporated BrdU was visualized with 3’3 diaminobenzidine and ureum hydroxide
(Sigma, St. Louis, MO). The percentage of BrdU incorporated cells could then be
counted in one low power field (10X) using an eye piece grid.

Immunocytochemistry

The cells were cultured on a coverslip, washed twice with PBS ar 37°C and subsequently
fixed in cold acetone at -20°C for 10 minutes. Endogenous peroxidase was inhibited by
incubation in 0.3% hydrogen peroxide/methancl for 15 minutes. Subsequenty the
coverslip was incubated in 2% fetal calf serum/PBS for five minutes. The primary
antibodies, S100 (Dako, Glostrup, Dermark), NEI-C3 (Dako), HMB-45 (Biogenex, San
Ramou, CA) and HNE-1 (Becton Dickinson, San Jose, CA) were incubated at dilutions
of 1:600, 1:20, 1:50, 110, respectively for 1 hour. For 8100, swine anti-rabbit
peroxidase-conjugated immunoglobulin was used as a second step antibody (Dako;
dilution 1:100). For the other three antibodies rabbit anti-mouse peroxidase-conjugated
immunoglobulin (Dako; dilution of 1:100) was used. Both secondary antibodies were
incubated for one hour. The activity of the peroxidase was then visualized using tablets
of 3,53 diaminobenzidine HCL and hydregen ureaperoxide (Sigma). Finally, the cells
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were counterstained with haematoxylin for 10 seconds, Between each of the incubation
steps the coverslip was rinsed with 0.1% Tween-2G/PBS,

Antibodies

The $100 antibody recognizes an acidic intracellular Ca" binding protein and is a
sensitive but non-specific marker for melanoma cells Moore, 1963). Monoclonal
antibody NKI-C3 and HMB45 binds both a cytoplasmic antigen produced by fetal
melanocytes and melanoma cells of adults (Vennegoor et al.,, 1985; Gown et al., 1986).
The monoclonal antibody HNE-1 recognizes a family of cell adhesion molecules (CD
57), migrating neural crest cells and a series of neural crest derivatives including
tumours of neural crest origin (Abo and Balch, 1981).

Fig 6.1 Light microscopy (scale bar 50 pm). A} The OCM-1 cell line has small and large rounded
cells, with one or more nuclei, growing upon a stellate and elongated cell layer with dendritic
extensions: B) The EOM-3 cell line shows 2 monolayer of plumb polyhedral anaplastic, epithelioid cells
with abundant cytoplasm, large nuclei and promirent nucleoli; C) The EOM-29 cell line forms spindle-
like patterns with large round nuclei; D) The OMM-1 cell line: cluster of large round cells (mono- and
multinucleated), irregularly shaped stellate and elongated cells, very large cells with abundant
cytoplasm and cytoplasmic inchusions were observed; E) The OMM:-2 cell line showed a monolayer
characterised by predominanty elongated cells with large nuclei, abundant cytoplasm  and long
dendritic extensions, forming a bundlelike, spindle<cell pattern; F) The OMM-3 cell line has spindle-cell
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appearance with dendritic extensions; the nuclei are large with abundant cytoplasn and prominent
nucleoli.

MHC class I expression
Subconfluent cell cultures were detached with wypsin/EDTA, after which
cytocentrifuge slides could be prepared. The major histocomparibility complex (MHC)
class I expression was determined using the standard NIH micro-cytocytoxity test with
locally obtained reagents.

Electron microscopy

After detachment by use of trypsin/EDTA, the cultured cells were centrifuged and fixed
in 3% glutaraldehyde at room temperature for 30 minutes. Then they were post-
osmificated for 30 minutes in 1% O0s04, and subsequently embedded in Epomn.

Ultrathin sections were prepared and counterstained with uranyl acetate and lead
citrate.

Cytogenetic analysis

In order to obtain metaphases, cultured cells in the logarithmic phase of proliferation
were treated with colcemid for one to three hours. After trypsinization, the cells were
subjected to a hypotonic {(0.075 M KCL) solution. Finally the cells were gradually fixed
with cold methanoi/acetic acid (3:1 v/v}. Airdried slides were banded by the reverse
method.

To identify the marker chromosomes, fluorescence in situ hybridization (FISH) was
used. Slides were then hybridized with chromosome-specific libraries (Pinkel et al,
1988), kindly provided by Dr. J. Gray. The results presented conform to the
recommendations of the International System for Human Cytogenetic Nomenclature
(ISCN) (Mittelman, 1985).

RESULTS

Primary and metastatic uveal melanoma cell lines

Out of the 16 cultures of the primary uveal melanomas, two cell lines could be
established successfully. The remaining cell cultures stopped growing after being
passaged two to five times, Of the cultures of the metastatic uveal melanomas, three out
of four resulted in a stable growing cell line. The cell cultures from one patient, from
whom both the primary and corresponding metastatic tumour were available, were not
successful. The patient data and tumour data from the established cell lines are
sumaimarized in Table 6.1.

The primary uveal melancma cell line OCM-1, described by Kan-Mitchell and associates
(Kan-Mitchell et al., 1989), has been growing for more than seven years without
morphological changes (Figure 6.1a). The EOM-3 cell line was established from a mixed
cell type primary uveal melanoma. During the first six passages, the cultured cells had a
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spindle cell type appearance. However, a small clone of epithelioid cells started to grow
and subsequently overgrew the rest of the tumour cells. The epithelioid-cell culture
underwent no further morphological changes and has been growing now for two years
{Figure 6.1b). EOM-29 was established from a large extra-ocular extension of a ciliary
body melanoma (epithelioid cell type) and could be passaged once a week. Gradually
the passage time increased with a decreasing proliferation rate. After passage ten, the
cells had a spindle like appearance in culture (Figure 6.1c) and continued to grow
without demonstrating changes in their morphology.

TARLE 6.1 PATIENT AND TUMOUR DATA OF SUCCESSFUL ESTABLISHED UVEAL MELANOMA CELL -

CELL PATIENT SURVIVAL TUMOUR HISTOLOGY CELL LINE PASSAGE

LINE GENDER/ LOCATION MORPHOLOGY
AGE (M)

OoCM1 F/nr nr . Posterior Spindle B Mixed )
EOM3  M/62 29 Posterior Mixed Epithelioid 20
EOM29 M/87 14 Ciliary body Epithelioid Spindle 15
OMM1  M/74 343 Subcutis metastsis  Mixed Mixed 42
OMM2  M/72 40’ Subcutis metastasis  Epithelioid Spindle 23
OMM3  M/72 41! Subcutis metastases  Mixed Soindle 19

! Tumour related death
nr, not reported

A subcutaneous metastatic lesion (mixed cell type) was excised from a uveal melanoma
patient {OMM-1}, who had undergone an enucleation of his primary tumour 29 years
earlier. The primary culture of this metastatic lesion and the first ten passages consisted
of adherent and non-adherent cells. Gradually more cells became adherent, showing a
heterogeneous morphology of spindle and epithelioid cells, This morphological
heterogeneous spectrum remained the same over 2,5 years (passage 42) (Figure 6.1d).
The primary culture (OMM-2) of a sub-cutancous metastatic lesion (epithelioid cell type)
had a spindle cell pattern in cell culture, and did not show morphological changes for
2 years. The cells have been growing slowly but continucusly, with a passage time of
one month (Figure 6.1¢). The most recently established metastatic cell line (OMM-3) was
cultared from a large, partly amelanotic sub-cutaneous metastatic lesion (mixed cell
type) with a spindle cell appearance in cell culture. This cell line has now been growing
for more than 1 year and no morphological changes have been observed (passage 19)
(Figure 6.1f)
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Fig 6.2 Electron microscopy. A) OCM-1: part of an uveal melanoma cell. The cytoplasm contains 2
few melanosomes (M) and pre-melanosomes type I (PM) and sporadic type 1l (scale bar, 0.350 Um): B)
EOM-3: very primitive, immarure cell with a large nucleus and 2 prominent nucleoll. Only a few pre-
melanosomes type 1 (PM) are present (scale bar, I Um); C) EOM-29: heavily pigmented cells with
abundant cytoplasm in which there are many melanosomes (M) and pre-melanosomes type 111 (PM) and
lysosomal structures (L} (scale bar, 1 lm}: D) OMM-1: 2 melanoma cells contain in the cytoplasm a large

amount of osmiophylic (dense) melanosomes (M) and pre-melanosomes type 1l and 1V, and only a few
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type 11 {PM). Note the presence of lysosomes (L) (scale bar, 0,583 Wm): E) OMM-2: melanoma cell with
an aberrant cytoplasm in which dense fusiform melanosomes (M) and pre-melanosomes (type 1L, 1l and
IV} (PM) are observed (scale bar, 1 um): F) OMM-3: spindie melanocytic cells. The cytoplasm contains
large amounts of rough endoplasmatic reticulum and pre-melanosomes types 11 and 10 (PM): 2 few
lysosomes (L) are also present (scale bar, 1 flm).

Electron microscopy, immunocytochemistry

Electron microscopical morphology of the six cell lines is shown in Figure 6.2a-f. All
figures are representative for the cultured cells examined and contained melanosomes
and pre-melanosomes (Table 6.2). The immunocytechemical staining of the five cell
lines with NEI-C3, HMB-45, 3100, HNE-I and BrdU incorporation is summarized in
Table 6.2, The NEKI-C3 stained all five cell lines; expression of the other three markers
appeared to be facultative. The cell lines EOM-3 and OMM-1 showed a relatively high
BrdU incorporation, thus showing a high frequency of cell division, The more slowly
growing cell lines EOM-29, OMM-2 and OMM-3 had indeed a lower BrdU
incorporation. The primary cell lines OCM-1 and EOM-2% were found to express MHC-
class-] molecules, whereas in the EOM-3 cell line, no detectable MHC-class-I expression
was observed. All three metastatic cell lines were found to express MHC-classT antigens.

TABLE 6.3 CYTOGENETIC DATA OF UVEAL MELANOMA CELL LINES - . 0

CELL PASSAGE No oF MoDaL EARYOTYPE
LINE METAPHASES CHROMOSOMES
ANALYSED
OCM-1 >50 14 90-97 94,8 XXX, del{ P21 40% Lder(20t( 12X p3 1:937).

2dd(3)g12). +2el(3)(q13q23).del{(4) (q12)[60%].4[40%],
add(5)(pl 1} [40%).2dd(5)(q13).-6{60%1.2dd(7)(q35),
del(7)q33) ~7.2dd(8)g24)x2.-0.-11 inv(1 1){p15q24}.del(12)
(P12)x3-12.2dd{18){q3 1313 or 1(13:14q)(60%1-15,
add(163(p12).-16[40%]-18[60%].-19[60%].2dd(20)(g13)x2 or
X3,-20,2dd{21)(q21),-21.-21,del{22)(q 1 1)x2,is0(22q)x2,+6-1 2

markers
EOM-3 10 22 46 46,X,-Y,+5,6,+18
EOM-29 5 10 46 46, XY
OMM-1 810 22 60-68 64,235 N, -X Y. der(10(1:3){(p31:p13) der(2)t(2:5)

(q32:q147)x 2,12 10)(q32:q25) +3[50%] 4.del(5)(q13¢24),
+7,2dd{8)(p11)-9.-11 +12,inv(13)(q1 2g34) -15.2dd(16)(p12),
-17.del{19)(p12),+20,add(21)(p13).-21,+1-5 markers

OMM-2 11-14 19 46 46, XY[11]/44-45, with random loss of 1 or 2 chromosomes,
(8 of which 2x -6]

OMM-3 1-4 21 46 46, XY

Cytogenetic analysis

The karyotypes of the six cell lines are described in Table 6.3. The karyotypes were
obtained from 10 to 25 metaphases from each cell line at different passages. Cells from
cell line EOM-29 and OMM-3 displayed a normal karyotype. The stemline karyotype of
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OCM-1 was found to be tewaploid and te have many structural chromosomal
aberrations (Figure 6.3a). These, among other changes, have resulted in a net loss of 3q
and of the distal part of chromosome 8 (8q24-gter): monosomy 6 was observed in 60%
of the metaphases of OCM-1. The stemline karyotype of EOM-3 was found to be
pseudodiploid with numerical changes: a loss of Y, monosomy 6, trisomy 5 and 18
(Figure 6.3b)., The stemline karyotype of cell line OMM-1 was near triploid with many
structural and numerical changes, a net gain of chromosome 3, 7, 12 and 20, and loss
of 4, 8p, 9, 11, 15, 17, 21, among others (Figure 6.3c). Cell line OMM-2 showed no
clenal aberrations, but some non-clonal rearrangement, such as a monosomy 6 in 2
cells and an unbalanced translocation (14:22) in one cell.

Fig 6.3 Earytypes of the cell lines. A} OQM-1: B) EOM-3 and C) OMM-1

DISCUSSION

Culturing of human uveal melanoma cells was first attempted in 1929 by Kirby (Kirby,
1929), but until the present date only a few cell lines from primary melanomas (Albert
et al.,, 1984; Kan-Mitchell et al., 1989; Aubert et al., 1993; Massarelli et al., 1994; De
Waard-Siebinga et al., 1995), and no cell lines from metastatic uveal melanomas have
been described. The relative paucity of established uveal melanoma cell lines can be
explained partly by the low incidence (1:100.000) of uveal melanoma and by difficulties
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in the culturing of primary uveal melanoma tissue (Egan et al, 1988). Lack of
therapeutic modalities for patients with hepatic metastases has led to a high mortality
among them within a very short survival time, and hence provides a problem with
respect to the availability of fresh metastatic tissue as well. In this study we were able 1o
establish two primary uveal melanoma cell lines and three metastatic uveal melanoma
cell lines. Although a limited overall number of tumours could be cultured at our
institute, the success rate in the establishment of long-term growing cell lines was
relatively high for metastatic uveal melanomas (3/4) as compared with primary uveal
melanoma (2/16). Metastatic lesions originate from selected cells that have proved to be
capable of growing in secondary organs. This could be the reason for the high success
rate in culturing metastatic cell lines. The present availability of primary and metastatic
uveal melanoma cell lines make it possible to study the differences between primary
and metastatic uveal melanoma in vitro.

To ascertain the melanocytic origin  of the cultured cells, the cells were
immunocytochemically studied by the use of melanoma-associated antibodies. $100,
NEI/C3 and HMB-45 are known to be powerful markers for differentiating tumours of
melanocytic lineage from other anaplastic umours, In addition, electron-microscope
studies revealed melanosomes and pre-melanosomes in all the cell lines described. The
cell lines showed a considerable variation in passage time as measured by BrdU
incorporation. The cell lines EOM-3 and OMM-1 had relatively high BrdlU
incorporation and were shown to have high growth rates with short passage times in
culture. The cell lines EOM-29, OMM-2 and OMM-3 had low levels of BrdU
incorporation and were also more difficult to maintain in colture. However, the cell
lines OMM-2 and OMM-3 were stable over a long period of culture without showing any
morphological changes. The cell line EOM-29 has been in culture for a relatively short
period, showing no morphological changes, but immortality is not yet established. No
difference in growth rate between primary and metastatic cell lines could be
demonstrated by the BrdU incorporation.

Although epithelioid cells have often been regarded as the most maligrant cell type,
three out of six cell lines in our study, were of the spindie cell type (EOM-29, OMM-2,
OMM-3). This in contrast to the histological cell type of the original tumour of the
patient. This can probably be explained by the selective outgrowth of certain tumour
cells in a favourable culture medium such that used by us. In case of the cell line EOM-
3, the spindle cells of the fresh tumour culture were gradually overgrown by
undifferentiated, anaplastic cells at passage five. After that time the uniform
morphological cell type of EOM-3 remained unaltered. Whether the phenotypical
change of the cell line EOM-3 is accompanied by genetical instabilities, reflecting one
or more steps in tumour progression, or by simple selection is not known. Both cell
lines OCM-1 and OMM-1 consist of a heterogeneous population of cells with a high
growth rate, showing signs of selection of one of the morphological cell types present
in the original tumour.

The normal expression of MHC class I molecules in five of the six cell lines indicates a
possibility of a MHC class I restricted T-cell response in metastatic uveal melanoma
patients. In the EOM-3 cell line, MHC<lass expression is down-regulated and, as a
result of this, increased susceptibility to naturai-killercell activity has been
demonstrated (Ma et al,, 1995). These data indicate that enhancement of the T-ceil
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response by the use of allogenic irradiated cell lines might be one of the most
promising ways to treat patients with metastatic disease.

In cytogenetical analyses of primary uveal melanoma, the most frequently described
chromosomal abnormalities found are: monosomy of chromosome 3, net loss of genetic
material of chromosome 6q and 8p, and gain of 6p and 8q (Horsman and White, 1993;
Singh et al., 1994). It has been suggested that monosomy 3 and the isochromosome 8q
are associated with ciliary-body melanoma and poor prognosis (Sisley et al,, 1990},
Cytogenetic analysis of our cell lines, showed a normal karyotype in three cell lines and
karyotypic abnormalities in the other three, with pardal loss of chromosome 6 among
multiple other aberrations. OCM-1 and OMM-1 were near-tetraploid and triploid,
respectively. In these cell lines, partial loss of 3q and 8p were seen, as a consequence of
structural changes. In contrast to other results on cytogenetical abnormalities in ciliary-
body melanoma, our cell line EOM-29, which was derived from z massive extrascleral
growth of a ciliary-body melanoma, did not demonstrate the chromosome-3 and -8
abnormalities. We have found however no systematic differences in the karyotypes of
the cultared cells of primary versus metastatic tumours. The karyotyping was assessed
after establishment of the cell lines and thus, some chromosomal abnormalities could
be the consequence of in vitro clonal selection and progression, instead of a
representation of the situation of the tumour in wive. In future studies, cytogenetic
analysis of primary uveal melanoma cell cultures will hopefully provide more
information on the karyotype of the tumour cells. Furthermore, complementary studies
using molecular cytogenetic approaches and comparative genomic hybridization could
give more detailed information on chromosomal abnormalities in fresh tumour and
cell lines in culture (Speicher et al., 1994).
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CHAPTER 7

ABSTRACT

Purpose Uveal melanoma is the most common primary malignant intraocular tamor
in the Western world. In curaneous melanoma deletions or mutation of the
p16mma/p14w gene are frequently found. In our effort to unravel the mechanisms of
uveal melanoma tumorigenesis, we determined the possible involvement of these genes
in uveal melanoma cell lines.

Methods Nine uveal melanoma cell lines were investigated for deletions, mutations,
methylation and expression of the p16‘r‘w{” gene. In additgon, the expression of its
alternatively spliced gene product, pl 4 was determined.

Results In contrast to what is known from cutaneocus melanoma, no homozygous
deletions were detected in these nine cell lines. LOH was observed in 3 out of nine cell
lines. Two of these cell lines also had a muration the pIG‘WKM gene. Furthermore, four
out of nine uveal melanoma cell lines showed methylation of the promotor region
resulting in the absence of pI6" * mRNA.

Conclusions In total, six out of nine cell lines showed aberrant p16™'° mRNA or
absence of expression. Cur finding suggest that methylation, instead of homozygous

D . INFda o .
deletion is the major cause of pI6"" * inactivation in uveal melanoma cell lines.
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INTRODUCTION

Uveal melanoma is the most common primary malignant ingraocular tumor in adults
in the western world and research has been concentrating on the identification of
(cyto)genetic changes in order to unravel the molecular pathogenesis. Cytogenetic and
fluorescent in situ hybridization (FISH) analyses have shown that nen-random
abnormalities (e.g. monosomy 3, gain of chromosome 8q and abnormalities of
chromosome 6) do occur in uveal melanoma (Prescher et al., 1996; Sisley et al,, 1997;
White et al., 1998}, but genes involved in the tumorigenesis are yet to be identified. In
cutaneous melanoma, the p16ﬁ\m“ gene (also known as CDRKN2A, 16 or MTS1), located
on chromosome 9p21, plays an important role in tumorigenesis and is involved in both
familial and sporadic tumors (Piepkorn, 2000). P16™ evokes a G1 cell cycle arrest by
inhibiting the cyclin-dependent kinases 4 and 6 {cdk4/cdk6) and can be inactivated by
mutations, homozygous deletions or by methylation of the promotor region (reviewed
by Piepkorn et al. {Piepkorn, 2000)). In cutaneous melanoma cell lines homozygous
deletions or intragenic mutations of the ¢ e gene are found in about 50% and 20%
of the cell lines, respectively (Walker et al.,, 1998). Furthermore germline mutations are
found in approximately 20% of the familial cutaneous melanoma (Greene, 1999). The
£16™%% locus harbors also a related gene, pI4™" which uses an alternative exon 1 (1B}
and a different reading frame of exon 2 and 3 of prNma, generating a structurally
different protein. P14  binds and inhibits MDM2, thereby preventing pb3
degradation. In contrast to pleK4”, to our knowledge, no pM’W mutations have been
detected in familial or sporadic cutaneous melanoma. Since both curtaneous and uveal
melanomas originate from neural crest derived melanocytes this prompted us to
investigate the role of the plé'wma gene and the expression of p14w in uveal
melanoma cell lines. In the present study we searched for deletions, mutations and
methylation of the pl6™ " gene and determined the expression of both genes in 9

uveal melanoma cell lines,

METHODS

Cell lines

Nine uveal melanoma cell lines were used in the present study. EOM3, EOM29, OCMI,
Mel202, 92.1 and Mel270 are cell lines established from primary uveal melanomas (De
Waard-Siebinga et al., 1995; Luyten et al., 1996; Verbik et al., 1997), OMMI1, OMM2
and OMMS3 are metastatic uveal melanoma cell lines derived from merastases of 3
different uveal melanoma patients (Luyten et al., 1996). OMM2.2, OMM2.3 and OMM2.6
are metastatic cell lines derived from separate tumor nodules in the liver of the same
patient as Mel270 (Verbik et al., 1997). All cell lines were grown in RPMI1640 (with
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HEPES and glutamate} supplemented with 10% fetal calf serum, 1% peniciilin and 1%
streptomyein and passaged depending on growth.

Fluorescence in situ hybridization

We examined the copy number of the p16™ /p14* locus on interphase nuclei using
the biotin-labeled P1 probes 1062 and 1063 and cosmid ¢5 (Kamb et 2l. 1994) as
described before {(Hagemeijer et al, 1998). Per slide 75 ng probe was used. After
hybridization and immunodetection, slides were counterstained with DAPI and
mounted in anti-fade (Dabco- Vectashield 1:1) and 300 nuclei per probe were scored
according to the criteria of Hopman et al (Hopman et al., 1988). The cut-off values used,
were those described by van Dekken (van Dekken et al., 1990). Polysomy was defined as
more than 2 hybridization signals in more than 10% of nuclei, and monosomy as a
single signal in more than 15% of the nuclei.

Chromosome 9 marker analysis

Eight microsatellite repeats, selected from The Genome Database and depicted in Figure
7.1 were synthesized by Isogen Bioscience (Maarsen, The Netherlands) and used as
described previously (van der Riet et al, 1994). Markers D9S171, D9$156 flank the
p16™%% /p14" locus and marker CT29 is located within this locus.

pI16™* mutation analysis

Genomic DNA of the 9 cell lines was used for the muration analyses. Analysis of exon 2
was performed by Single Strand Conformation Polymorphism (SSCP) analysis as
described previously (Gruis et al., 1995). Analyses of exon 1 and 3 of the plémma gene
was performed using Restriction Endonuclease Fingerprinting (REF) (Liu and Sommer,
1695). Exon 1 was amplified using primers E1F: AGGTATTAGCTTAGGATGTGTGGC,
and EI1R: CTACCTGATTCCAATTCCCCTG, resulting in a fragment of 1431 bp; exon 3
was amplified with primers E3F: TCGCGCTITICTCIGCCCICC, and ESR:
GAAAACTACGAAAGCGGGGTGGG, resulting in a fragment of 392 bp. Polymerase
chain reaction (PCR) products were purified using the Qjagen PCR purification system
(Qiagen Inc, Santa Clarita, USA) and digested with Xbal, Ddel/Xmal, and Msel/Mscl
(exon 1) or Rsal/Pstl, Rsal/Sau3A, Xeml/Pstl (exon 3). After digestion and heat-
inactivation and fragments were end-labeled with 6 pCi {7-321’} dATP. Products were
loaded on a non-denaturing MDE gel (J.T. Baker Inc, Philipsburg, USA) containing 0%
or 5% glycerol (exons 1 and 3) or 10% glycerol (exon 2). The gels were run at 6W for
14 hours at RT or 4°C. After electrophoresis, the gels were transferred to blotting paper,
dried and exposed to a Kodak X-Omat AR film for 24 hours. All aberrant bands were
sequenced (Base Clear, Leiden. The Netherlands).

Methylation specific PCR

Bisulfite modification and methylation specific PCR (MSP) was carried out on all cell
lines as described previously (Herman er al., 1996). Cell line T47D (methylated) and Hela
(unmethylated), were used as positive and negative conirol respectively, Furthermore,
the methylation status was investigated in 5 primary retinal pigment epithelium (RPE)
culwpres, in 3 primary strains derived from uveal melanocytes and in lymphocytes of 5
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uveal melanoma patients. PCR products were loaded onto 2.5% agarose gels, stained
with ethidium bromide, and directly visualized using UV illumination.

Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) of pI6™**and
pl4*F

RINA was isolated using GTGlysates. RNA extraction was performed wsing the RNeasy
kit (Qiagen Inc, Santa Clarita, USA). cDNA was synthesized from 1-3 ug of total RNA
using 2 Ul of a random primer (.5 ug/ ul) and 10 U super RT (HT Biotechnology
LTD, Cambridge, England). For pi6™"", primers 57F GGAGCAGCATGGAGCCTT and
E3R GAAAACTACGAAAGCGGGGTGGG generating a product of 566 bp, were used. For
plthARF primers (OL27 and OL2R, generating a product of 291 bp) and running
conditions were those described by Gardie et al. (Gardie et al,, 1998). Amplification
products were separated on a 1% agarose gel.

RESULTS

Cytogenetic and FISH analyses

Cytogenetic and FISH amnalysis, using locus specific probes was performed to detect
structural and/or numerical chromosomal abnormalities, which could disrupt
chromoseme 9p21. All cell lines, have been maintained ix vitro for many years and are
characterized by cytogenetically heterogencous cional cell populations (De Waard-
Siebinga et al, 1995; Luyten et al., 1996: Naus et al, 2001). Chromosome 9
abnormalities were found in three cell lines {Table 7.1). In OCM1 and OMM] a relative
loss of chromosome 9 was found. In more than 70% of the metaphases of Mel270 this
loss was also observed. In other metaphases of this cell line derivatives of chromosome
9p were found. Loss of 9p21 was also observed in the three metastatic cell lines of
Mel270 (OMM2.2, 2.3 and 2.6) using FISH analysis. Nevertheless, we searched for
deletions in 26 non-cultured sporadic uveal melanoma and detected loss of one copy of
chromosome 9p2l in only one case: 2 uveal melanoma patient with a nevus of Ota
(Naus et al., unpublished results).

Neither in the cell lines nor in the primary uveal melanoma homozygous deletions were
observed.

Chromosome 9 marker

To investigate the possibility of smaller deletions or the presence of isodisomy of
chromosome 9, we performed microsateilite analysis with markers distributed on
chromosome 9 and around the pI6™" locus in particular (Figure 7.1). Homozygosity
was found in Mel270 and its metastases, in OMM]1 and Mel202. The observed LOH in
these latter two indicated the formation of an isodisomy of chromosome 9(p) (Tabie
7.1). In these three cases all 9(p) markers showed evidence for one type of allele,
suggesting loss of the other c¢hromosome 9(p). In all other cases heterozygosity of
marker CT29 was observed although homozygosity for some other markers did occur.
Since no normal DNA is available from these cell lines, a possible deletion of these loct
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can not be excluded. Again, no homozygous deletions of the pleK4”

detected in any of the cell lines.
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Fig 7.1 chromosome 9 marker analysis in 12 uveal melanoma cell lines. All markers are listed
from relomere to centromere with the approximate map location indicated to the Jeft. Grey boxes, the
retention of heterozygosity: black-gray boxes, homozygosity of the marker,

Mutation analyses

To search for gene inactivating events other than homozygous deletions, mutation
analysis of the pI6™ "° gene was performed. Results of this mutation analysis are
summarized in Table 7.1. In 4 uveal melanoma cell lines (OCM1, Mel202, Mel270 and
OMMS3) aberrant SSCP patterns of pI6 were found (Figure 7.2). In the Mel270-
related metastatic cell lines (OMM2.2, OMM2.3 and OMMZ2.6) the same SSCP pattern
was found as in the parental cell line. Sequence analysis of Mel270 and its metastatic
derivatives revealed a C—>G substitution in the 2’ untranslated region (position 540,
cDNA; GenBank Identification number 558656). Also in OMMS3 a single basepair
substitution (G—>A at position 580, ¢cDNA) was found in the 3’ untranslated region.
Both substitutions were found to be relative common polymorphisms in cutaneous
melanoma and are, in these mmors, associated with a shorter progression time to
metastatic (Saurcja et al., 2000). Furthermore, a 8 bp deletion in exon 2 of Mel202
{position 232-240, ¢cDNA) and a 28 bp deletion, starting at position 496 (cDNA)
extending in intron 2 thus including the intron 2 splice-domor site of OCMI were
found. These mutations were not described previously (http://www.uwem.ac.uk/uwem/
mg/search/335362.htmi}. To evaluate the mumtion frequency in uncultured primary
uveal melanoma, we analyzed 30 primary uveal melanoma with SSCP analysis for
mutation in exon 2 of the Jpr,uf6f"v"\’4‘z gene but no mutations or (homozygous) deletions
were found.
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Fig 7.2 Examples of aberrant SSCP patterns of pl6™"* in uveal melanoma cell lines. (A)
Mutation of Mel202 and (B) of OCM1 in exon 2 of p16°", (C) Polymorphisms in OMMS, Mel270 and
OMM2.2 in exon 3. Note the homozygous aberration of Mel202, Mel270 and OMM2.2, In OMMS and
OCM1 heterozygous aberrations are observed.

Methylation specific PCR
Elimination of the pI6L\TK4a function can also be achieved by methylation of the
promotor region. To determine the methylation stamus of these uvezl melanoma cell
lines, we performed a methylation specific PCR. In four out of 8 cases a product was
amplified using methylation-specific primers, whereas no product was amplified in
these cases with primers specific for unmethylated DNA (Figure 7.8). This indicates the
detection of methylated p16m‘% alleles in these cell lines. Four cases were only positive
with primers for unmethylated DNA. In one case (EOM29) no PCR products could be
amplified with either of the primers. In non-tumor samples {(RPE cell lines, melanocyte
cell lines and lymphocytes of uveal melanoma patients) the methylation specific PCR
indicated that the ple{'}u promotor was unmethylated {data not shown).

RT-PCR

To investigate the expression of the gene in the uveal melanoma cell lines, we
performed a RT-PCR wusing primers for pI6" * and pl4'w respectively. PI16™"*
expression was found in all cell lines with non-methylated promotor regions and in
EOM29. In OCM1 a 28 bp deletion including the intron 2 spice-donor site was detected
and the use of a cryptic splice-donor site in exon 2 resulted in a frame-shift and a
assumed protein with a substitution of the last 28 amino acids by HPRLEKEPERL. As is
shown in Figure 7.3, we detected both the wild type and truncated mRNA in OCM1. In
Mel202 the deletion of § basepairs resulted in a frameshift of the pI6™" gene causing
in a stop codon at position 388 and an assumed protein of hybrid p16WK4“/pI4W
protein of 115 aminoacids. The deletion was to small to be visible using
gelelectrophoresis. In cases where methylation was detected, no expression of the gene
was found. In all cell lines normal pl a expression was detected (Figure 7.3).
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TABLE 7.1 SUMMARY OF THE MARKER ANALYSIS, MUTATION ANALYSES, METHYLATION"
SPECIFIC PCR AND RT-PCR FOR THE P167%: : :

CELL COPY PLOTDY, LOH ABERRANT SSCP METHYLATION  ENPRESSION
LINE NUMBER OF  CHROMOSOME 9 PIETEI parTERN PIGTRM PrETE
9721 LOCUS®  ABNORMALITIES® LOCUS (RT-PCR}
EOM3 2.3 psendodiploid - - + -
EQOM29 2 pseudodiploid - - or -
OCM1 23 hypertetraploid. -8 . exon 2: 28 bp - -+
deletion
92.1 2,4 hyperdiploid/ - - + -
hypertetraploid
Mel202 2.3 hyperdiploid - exon 2; 8 bp - +
deletion
Mel270 1.2 hypodiploid. ¢§ - exon 3: + -
[5), add(9¥p) [2] / polymorphism
hypotetraploid [2] C540G
OMM2.2’ 1.2 nd + exon 3: + -
polymorphism
C540G
CoMM2.3! 1.2 nd + exon 5 + -
polymorphism
C540G
OMM2.6' 1.2 nd + exon 3: + -
polymorphism
C540G
OMM1 2.3 hypertriploid, -9 + - 4 .
OMM2 23 pseudodiploid - - - +
OMM3 234 psendodiploid - exon 3; - +
polymorphism
G580A

Abbreviations: nd. not done; air, no result. ' Metastatic cell lines derived from Mel270. * Detected by
FISH. Only significant cell populations {Joss in >15% or gain in >10% of the cells) are indicated. The
main cell population is indicated in bold. * Ploidy and chromosome 9 abnormalities as observed by
cyrogenetic analysis
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Fig 7.3 Methylation Specific PCR and RT-PCR of 12 uveal melanoma cell lines. The upper two
panels represent the methylation specific PCR. M: methylated; U: unmethvlated. The lower two panels
show the results of the RT-PCR of pl6™ " and p14™ in 12 uveal melanoma cell lines. In OCM1 both
the wild-type (566 bp} and mutated products (492 bp) are visible, In Mel202 the deletion of 8 bp is to
small to discriminate on agarose gel,

DiS(iUSSION

Inactivation of tumor suppressor genes, by homozygous deletions, mutations or
methylation of promotor regions is a common event in human cancers. In contrast to
many tumors, such as cutaneous melanoma, in which mutations in specific genes are
found, the molecular pathogenesis in uveal melanoma is largely unknown. In our
search for genes involved in the rumorigenesis of uveal melanoma we studied nine
uveal melanoma cell lines for deletions, mutations, methylation and expression of the
plé‘wﬂa gene.

Using cytogenetic and FISH analysis no homozygous deletions were found in the uveal
melanoma cell lines and primary tumors, However, in only three out of nine cell lines
(EOM29, OMM2 and OMMS3) we found an apparent normal expression of pI6™ .
Thus in the other 6 cell lines alternative mechanisms are involved in the inactivation of
this gene. Four out of nine cell lines (EOM3, 92.1, Mel270 and OMMI) showed
methylation of the promotor region resulting in a rtotal absence of the p16™
transcript. In OMM1 and Mel270 we, additionally, observed LOH of the locus. Aberrant
p16'mga expression was also found in Mel202 where LOH and a § bp deletion in exon 2
were detected resulting in an assumed protein of hybrid p161‘?\]1{4'“/13145'\'RF protein of 115
aminoacids, thereby disrupting not only p16™™* but also pl14™. Whether this affects
the ability of the pl4™ protein to cause cell cycle arrest is unclear since others have
shown that sequences encoded by exon 1[3 alone are sufficient for ARF function (Quelle
et al., 1997). In OCMI a 28 bp deletion including the intron 2 spice-donor site was
detected and the use of a cryptic splice-donor site in exon 2 resulted in a frame-shift
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and a assamed protein of 138 bp. In all cell lines normal expression of exon 1P
(pl4m) was detected using RT-PCR.

Homozygous deletions of the pI6™ " gene are the most common cause of gene
Inactivation in cutaneous melanoma cell lines (Foulkes et al,, 1997) and also in primary
cutaneous loss of chromosome region 9p2l is frequently observed. However, the
incidence of homozygous deletions in uncultured sporadic cutaneous melanoma is
lower compared to the rate in melanoma cell lines. This is also seen in other tumor
types and has led to the suggestion that these abnormalities were the result of in vitro
selection (Cairns et al., 1994). However, this controversy was laid to rest by the discovery
of microdeletions that encompassed plé and because of the presence of normal cells
within primary tumor specimens hampering the detection of deletions {Cairns et al,,
1995). In contrast to cutaneous melanoma, our results indicate that homozygous
deletions are rare or absent in uveal melanoma cell lines as well as in primary uveal
melanoma. Although, mutations were detected in two uveal melanoma cell lines, in 30
primary uveal melanoma we did not detect any mutations in exon 2. This low
frequency of mutations in primary uveal melanoma are concordant to those published
by others (Ohta et al,, 1994; Singh et al., 1996a; Merbs and Sidransky, 1999). A recent
publication of Merbs et al, {(Merbs and Sidransky, 1999} suggested that homozygous
deletions or methylation were found in sporadic uveal melanoma in 12% and 6%
respectively. Our series on uveal melanoma cell lines showed that methylation was the
most common mechanism for plem inactivation i.e. four out of nine cell lines. This
is also likely to occur in primary uveal melanoma since others have shown that
methylation status is not influenced by cell culture (Gonzalge et al,, 1997). Furthermore,
we found no methylation in cultures derived from retinal pigment epithelium and
uveal melanocytes. In cutaneous melanoma, methylation of the plémma promoter is
infrequent and whether uveal melanoma are more prone to methylation of plG‘wm”
than to homozygous deletions, compared to cutaneous melanoma, has to evaluated in a
larger stady.
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SUMMARY

The PTEN gene at chromosome region 10g23 has been shown to be mutated in
cutaneous melanoma cell lines and primary tumours. However, its role in the
development of uveal melanoma is not known. In this study we investigated 9§ uveal
melanoma cell lines for genetic changes in this gene. Using cyvtogenetic studies, two cell
lines were found to have a translocation involving chromosome 10q. Fluorescent in situ
hybridisation (FISH) using a PAG probe containing the entire coding sequence of the
PTEN locus revealed no abnormalities except for a hemizygous deletion in a subclone
of cne cell line. In all cases normal expression was detected by reversed transcriptase-
PCR (RT-PCR) and no mutations in the coding region of the gene were found using
single stranded conformation polymorphism analyses (SSCP). We therefore conclude
that, in contrast to cutaneous melanoma, the PTEN gene does not appear to play a role
in the pathogenesis of uveal melanoma.
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INTRODUCTION

The molecular pathogenesis of uveal melanoma is largely unknown. Cytogenetic studies
have shown that recurrent abnormalities do occur, including deletions of chromosome
1p, loss of chromosome 3, gain of chromosome 8q and alterations of chromosome 6
{Prescher et al., 1996; White et al., 1996; Sisley et al, 1997). However, specific
chromosomal regions or genes involved in tumorigenesis have yet to be identified.

In 40% of the cutaneous malignant melanoma cell lines, sporadic mutations are found
in the PTEN gene (Guldberg et al.. 1997), although reports on the incidence of sporadic
mutations in primary cutaneous melanoma seem to be conflicting (Boni et al., 1998;
Tsao et al., 1998). The findings on the PTEN gene in cutaneous melanoma cell lines
prompted us to investigate the role of the PTEN gene in uveal melanoma cell lines since
both cutaneous and uveal melanoma arise from neural crest derived melanocytes. PTEN
is a known tumour suppressor gene and sporadic mutations of the PTEN gene or
deletions of the PTEN locus at chromosome 10923 have also been found in
glioblastomas (Wang et al., 1997), prostate (Cairns et al., 1997), breast (Li et al., 1897)
and endometrial carcinomas (Risinger et al., 1997). Germline mutations of PTEN are
responsible for Cowden disease and the Bannayan-Zonana syndrome (Marsh et al.,
1998). The PTEN protein encodes 2 dual-specific phosphatase and plays a major role in
the inhibition of cell migration and the formation of focal adhesions (Tamura et al,,
1998). In the present study, we examined 9 uveal melanoma cell lines using cytogenetic
analysis supplemented with FISH to search for deletions or transiocations affecting the
PTEN gene region at 10923, The expression of the gene was investigated by RT-PCR,
and SSCP analysis of all 9 coding regions was carried out to screen for the presence of
small murations.

MATERIALS AND METHODS

Uveal melanoma cell lines

Nine uveal melanoma cell lines isolated from primary or metastatic uveal melanoma
were used in the present study. EOM3 and EOM29 (Luyten et al., 1996), OCM1 (Kan-
Mitchell et al., 1989), 92.1 (De Waard-Siebinga et al., 1995), Mel202 and Mel270 (Chen
et al.,, 1997) were all established from primary tumours. OMMI1, OMM2 and OMM3
(Luyten et al,, 1996) were derived from metastases of 3 different uveal melanoma
patients. All cell lines were cultured in RPMI1640/ HEPES supplemented with 10% fetal
calf serum, 1% penicillin and 1% sweptomycin and passaged depending on growth.
Cytogenetic data of cell line EOM3, EOM29, OCMI, OMMI, OMM2 and OMMS3 have
been published previously (De Waard-Siebinga et al., 1995; Luyten et al,, 1996). The
karyotype of 92.1 was reevaluated. Cytogenetic studies on Mel202 and Mel270 were
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carried out in our laboratory using standard cytogenetic technigues. The karyotypes of
all cell lines deseribed according to the standard nomenclature (ISCN, 1995) are given
in Table 8.1.

Fluorescent in situ hybridisation

A PAC probe, 190D8, containing the entire coding sequence of the PTEN locus was
isolated from a PAC library and was used for FISH analysis of the cell lines. Single
colour FISH wusing biotn-labeled PACI90D6 was performed on chromosome
preparations as described before (Hagemeijer et al., 1998). Per slide 75 ng of PAC
190D6 was used and the probe was prehybridised with COT1 DNA for 30 min. After
hybridisation and immunostaining, slides were counterstained with DAPI and mounted
in anti-fade (Dabco-Vectashield 1:1) and 300 interphase nuclei were scored in each case.
A curoff value for deletions was calculated from hybridisation on cultured uveal
melanoma cells known to have apparently normal chromosomes 10, The cut-off value
was determined at 10% (mean of aberrant signals + 3 sd).

Single-strand conformation polymorphism (SSCP) analysis

The 9 exons of the PTEN gene were amplified using 11 pairs of primers (Viietstra et al.,
1998). Fifty ng of genomic tumour DNA was amplified as follows: Hot start of 4’ 95°C
followed by 30 cycles of 1" at 95°C, 907 at 55°C (exons 1-6) or 50°C (exons 7-9), 2’ at
72°C. PCR was performed using 0.1U Taq polymerase (HT Biotechnology LID,
Cambridge, England), 20 pmol of each primer, (.05 mM dATP, 0.2 mM dGTP, dTTP,
dCTP and 1uCi [o-PJdATP per reaction. PCR products were loaded on a denaturing
MDE gel (J.T. Baker Inc, Philipsburg, USA). The gels were run at 6W for 15 hours. After
electrophoresis, the gels were dried and exposed to a Kodak X-Omat AR film for 24
hours.

RT-PCR

RNA was isolated using GTClysates. RNA extraction was performed using the RNeasy
kit (Qiagen Inc, Santa Clarita, USA). cDNA was synthesised from 1- 3 pg of total RNA
using 2 Wl of a random primer (0.5 g/ ul) and 10 U soper RT (HT Biotechnology
LTD, Cambridge, England). Two partially overlapping primer pairs were used to
amplify the PTEN ¢DNA. Pair 1: 977F CCACCAGCAGCTTCTGCC ATCTICT and 1736R
CCAATTCAGGACCCAC ACGACGG. Pair 20 1649F GTTCAGIGGCGGAACTTIGCA
ATCCTCA znd 2423R CCCTATACATCCACAGGGTTTTGACACTTG. The PCRs contained
0.2 mM dNTP, 20 pmol of each primer, and 0.1U Taq polymerase (HT Biotechnology
LTID, Cambridge, England). Amplification was performed as follows: 1 cycle of 4* 95°C,
30 cycles of 17 95°C, 2° 65°C, 2' 72°C followed by a final extension of 10° 72°C.
Amplificatior products were separated on an 1% agarose gel.
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The cytogenetic and FISH results are summarised in Table 8.1. Only one cell line
(Mel270) had underrepresentation of chromosome 10 and this was present in a
subclone. Two cell lines (Mel270 and OMM1) had structural abnormalities involving the
long arm of chromosome 10. FISH studies using PAC probe 190D6 for the region 10q23
showed agreement between the numbers of signals seen and the reported cytogenetic
findings in & cell lines. In 3 cell lines (OMMI1, OMM2 and Mel270) variarion in the
number of FISH signals was observed. In OMM1 and OMM2 a small population of
interphase nuclei was unexpectedly found to have 4 signals for the PAC probe 190D86.
Examination of 7 metaphases from OMMI showed the expected three FISH signals.
Interphase FISH studies on line Mel270 revealed 12% of the nuclei to have only one
signal for 190D6. This is above the established cut-off level of 10%. Monosomy for
chromosome 10 was found in a subclone (3/7 metaphases) of this line on cytogenetic
analysis.

Mutation analysis on genomic DNA was performed using exon=specific SSCP. All 9
exons and flanking sequences were amplified using 11 primer pairs. In all cases two
single stranded bands were visible. We did not detect any abnormal banding patterns
indicative for a mutation in the PTEN gene, Examples of exon 3 and 5 amplifications
are shown in figure 8.1.
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Exon 3

Exon 5

Fig 8.1 Exon-specific SSCP for exon 3 and 5 of the PTEN gene in uveal melanoma cell Iines.
The two single stranded bands are clearly visible (arrowheads).
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Although in none of the cell lines mutations could be detected in the coding region,
mutations in the 5 UTR could not be exciuded. Therefore we investigated the
expression of the PTEN gene using RT-PCR. Two partially overlapping primers were
used. In all cell lines both PCR products of 759 and 774 bp were amplified (figure 8.2).
No abnormal sized bands were found.

S N S o 9
= & © 0 ¢ & & =2 =

977F1736R

1649F- 2423R

Fig 8.2 PTEN mRNA expression in uveal melanoma cell lines. Agarose gel analysis of RT-PCR
amplified fragments. Two partially overlapping primers were used which amplified products of 759
(977F/1736R) and 774 bp (1649F/2423R).

DISCUSSION

Recent investigations showed that 40% of the cutaneous malignant melanoma cell lines
harbour mutations of the tumour suppressor gene PTEN at chromosome region 10g23.
This prompted us to investigate the presence of loss or mutations of the PTEN gene in 9
uveal melanoma cell lines using cytogenetic and molecular genetic techniques.
Cytogenetic analysis revealed 2 cell lines with sorucrural abnormalities in the long arm
of chromosome 10. In both cases FISH analysis showed that the breakpoint was not
located within the PTEN gene. One of these cell lines had also a subclone of cells with
loss of chromosome 10 and interphase FISH studies on this line revealed this
subpopulation with one signal for chromosome 10g23. The discrepancy between the
FISH findings of 12% monosomy for this chromosome and the cytogenetic results (43%
monosomy) may be due to the fact that this particular subclone is actively proliferating.
Lines OMM]1 and OMMS2 had small populations of interphase nuclei with 4 FISH signals
for the PTEN gene. In both instances these subclones were not detected by chromosome
analysis. This can be explained by the fact that the clones may not have been actively
proliferating. or they may have later arisen in vitro since the FISH studies were carried
out at a later passage than the original cytogenetic analyses.



TABLE 8.1 KARYOTYPES AND RESULES OF THE FISH ANALYSES OF THE PTE - GENE IN 9 UVEAL MELANOMA CELL LINES.

No.

NO. PTEN SIGNALS

CELL TuaoUR  KARYOTYPE (ISCN,1995)
LINE TYPE COPIES GF DETECTED WITH
cHR.A0'  FISH?
EOM3 prinmasy 46,X,~Y,15,~G,+18[20J3 2 2 (94%)
FOM29  primary 16,X¥{201° 2 2 (87%)
GUMI primary 04, XX, XX del(1{p21),der{2)1{1;2)(p31;q37),add(3)(q 1 2),+de)(3}{qE 3q23),-1,del{4)(q1 2},add(6){p L 1 },add (5} £ 3),6, 4 4 {80%0)
7,add(7)(g35), del(7)(q38)add(8)ig24)x 29,1 1,inv(1 1}{p15q24) 1 2,del(1 2)(pE 2)x3,-13,ndd{13){4531),-15 -
16,add(16)(p18),-18,-19,-20,acd(20)(g1 3)x2, add(20){q13),-21,-21,add(21)(q2 1), del(22)(q 1)52,i(22q)x2,16-12mar{cpl 4]’
92.1 primary 47,add(X){q205},+8,48,der(11)t(1;11){q22;q23~24),add( 1 7){q24~25) 4] /47, iden,add(12)(p 1 1 N4 1/94,idemx 2add(12)(p11) 2 2 (45%)
x2[3]/97,idemx2, 1—7,—r7,add(9)(p22)x'2,+mm‘[cp5]’ 4 + (43%)
MFEL202 primary 50-53, X XI8]-X[13}+dic(1;p1 1;p 1 DAB[3Ladd(G){(g?1 5),+add(6)(q215),+7,48,48,48,del(9}H{q201)[2],del (9)(q3:2)[ 2], 2 2 (9%
O p 10Y3], add(11}{q22),add(18)(q21),der(2001(8;20)(q12;q13),add(22)(p11}{cpl6]
MEL270  primary 43-48,XY,0dd(2)(p204)[4],7add(3}{q2)}5],psu 1 dic(B)(q1 1} der{7)del(7)(q222Dadd(7){(q82)x 2, 2der(8)(p)3],-9(5], 1 1(12%)
2add(@)(p)[4], add{O)(p)2] +der(@)add(9))Ael(@)g)[2],-1003),add(10)27)[3]add(12)(p1 DIZ]-13(6] add(13)(p1 1), v 2 (72%)
add{18){g] 1),add(17)(p2?3)[6]-19,add(21)(p1)[2),+1~3mar[cp?]/81-87,psu i dic(6){g]11)x2,der{7}del(7)(q22q22) 4 4{11%)
add(7){32)x2,add(10)(q2%),add{17 {p223),+marx2[cp2]
OMMI metastasis 60-68,X,-X,-Y,der{ )1{1;3){p3 L;p13),der{212;5)(q 32;q 14 2,t{2; 10){q32;25),+3[3},-4,del(5)(q1 3q24),+7,add (8}p11),-9, 3 3 (80%)
-11,412, inv(13){(g 2q34),-15,add(16)(p12),-17,del(19)(p12),+20,-21 add(21)(p13}),+1-3 m:n{cp’]']3 4 (12%)
OMM2 metastasis 38-45,X‘n’,-‘m’,-E(}[cplﬁ]j 2 2 (B3%)
£ (12%)
OMM3 metastasis 46,}{}’[2[}]3 2 2 (93%)

lExpectcd copy number of chromosomes 10 based on cytogenetic findings
* Actual copy number of the PTEN gene detected by FISH (percentage of cells; only significant levels are given)

3Prcvious])' described by Luyten et al, 1996

4Kar)'otype was reevaluated and described according to the ISCN1995
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Except for a small proportion of cells of Mel270, no significant variation in the
PTEN gene could be detected by FISH or cytogenetic analysis in these 9 uveal
melanoma cell lines, In addition, SSCP analysis revealed no aberrant bands showing
that mutations in the PTEN gene were not present. This is in accordance with the
observations of the RT-PCR where we found expression of the PTEN gene in all cell
lines and no abnormal sized RINA. These results are in contrast to cutanecus malignant
melanoma cell lines.

The question remains, however, whether we can extrapolate our findings on uveal
melanoma cell lines to fresh tumour material. The cytogenetic findings in primary
uveal melanoma show, in general, a simple karyotype with only a few recurrent
abnormalities as loss of chromosome 1p and chromosome 3, gain of chromosome 8g
and structural abnormalities of chromosome 6 (Prescher et al., 1996; White et al., 1996;
Sisley et al., 1997). Some of the uveal melanoma cell lines in our study had these
genetic changes bur these were accompanied by more complex chromosome variation.
Whether these complex abnormalities are the result of prolonged cell culture, or due to
the fact that tmmours with more complex karyotype are more likely to grow in viwro is
unclear. However, the fact that in our study no PTEN mutations were found in these
uveal melanoma cell lines and that cytogenetic abnormalities involving chromosome
10923 were not observed, and are also not common in primary uveal melanoma,
suggests that PTEN mutations or deletions probably do not play a role in the aetiology
of uveal melanoma. This is in conirast to primary cutaneous melanoma where
chromosome 10g23 abnormalities have been observed, indicating the involvement of
the PTEN gene, Other genetic differences between cutaneous and uveal melanoma have
been reported. Whereas in 100% of the cutaneous melanoma involvement of the CDN2
gene or its downstream target genes has been postulated (Walker et al., 1998), CDEN2
mutations or loss is rarely observed in uveal melanoma cell lines and primary tumours
(Singh et al., 1996a; Singh et al,, 1996b). Also cyrogenetically, there is a clear difference
between uveal and cutaneous melanoma. The typical abnormalities found in uveal
melanoma, such as loss of chromosome 3 or gain of 8q, are rarely observed in
cutaneous melanoma. However, chromosome 1 and 6 abnormalities have also been
reported in the latter,

Biological differences also exist between these two tumours. The integrin expression,
which is important for the growth and metastatic capacity of melanoma cells, as well as
the expression of melanoma associated antigens differ markedly between uveal and
cutaneous (Mooy and De Jong. 1996; Marshall et al., 1998). All these data suggest that,
despite the common embryonic origin, these tumours follow a different path towards
tumorigenesis and have a different biological behaviour.

In summmary, our results indicate that the PTEN gene is probably not involved in the
pathogenesis of uveal melanoma and that the tumorigenesis of uveal melanoma
involves a different set of genes to these involved in cutaneous melanoma.
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CHAPTER 9

9.1 GENERAL CONSIDERATIONS

The detection of chromosomal abnormalities in solid tumours not only provides
information on the outcome of cancer patients, but may also point 1o chromosome loci
involved in rumorigenesis. As is described in chapter 1 and 2 of this thesis, predicting
the survival outcome of uveal melanoma patients based on classical prognostic markers
such as rumour diameter or cell type remains difficult. Cytogenetic analyses have shown
that specific chromosomal changes, especially loss of chromosome 3, are strongly
associated with patient survival (Prescher et al., 1996; Sisley et al., 1997; White et al,,
1998). We have analysed 80 wuveal melanoma for chromosomal changes in
chromosomes 1, 3, 6 and § using both cytogenetic and FISH analyses and found that,
after correcting for several other co-variables, survival was not correlated with the
solitary loss of chromosome 3, but with a mutual loss of chromosome Ip36 and 3
(Chapter 2). It is most likely that the patients described in literature who succumb to
metastatic disease and have tumours with loss of chromosome 3. also actually have lost
the chromosome Ip36 region. In contrast to these studies, in which conventdonal
cyrogenetics and/or CGH was used. we performed FISH analysis with a probe specific
for chromosome 1p36 allowing a more sensitive analysis of this chromosome band., We
selected this probe based on the cytogenetic finding that loss of chromosome 1p36 was
commonly found in our series of uveal melanoma. The prognostic significance of
murual loss of chromosomes 1p36 and 3, enables us to select patients with a high risk of
metastatic disease more accurately and may lead to an adjustment of the treatment
protocols for this specific group of patients. New treatment protocols for metastatic
uveal melanoma are under investigation, but the preliminary results are, in general,
disappointing. However, these trials are being applied to patents diagnosed of
metastatic disease. We theorise that when these or other adjuvant therapies can be
applied to high risk patients without (clinical detectable) metastases, the results may be
promising.

Chromosome analysis can only be performed when tumour material is available.
However, more and more patients are being treated with radiotherapy, restricting
prognostic evaluation. In these cases and in patients where the diagnosis of uveal
melanoma is uncertain, chromosome analysis using FISH can be applied to fine needle
aspiration biopsies (chapters 4 and 5). Through our large uveal melanoma sample, we
were able to show that the FISH technique was feasible to detect the genetic changes
and that these biopsies were representative for the main tumour. Although these results
are very promising, clinicians are stille resistant to taking a biopsy from a tumour. The
potential risk of seeding tumour cells in the biopsy tract, although unlikely 1o cause
recurrent disease, results in a wait and see attitude. Therefore, this method should also
be studied on in vivo biopsies followed by careful patient and mmour follow-up. Only
then will we be able to prove this matter beyond a doubt.

The finding that mutual loss of chromoseme 1p and 3 correlates strongly with survival,
not only provides informaton guiding ophthalmologists in the treatiment of uveal
melanoma patients, it also suggests that genes located on chromosome 1p and 3 interact
with each other, thereby causing a more aggressive phenotype. This may help to further
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delineate the chromosomal region of interest. Also, chromosome data obtained with
modern cytogenetic techniques such as SKY and CGH, enable us to narrow down this
region. These datz point to the involvement of regions which remained undetected
using conventional cytogenetics or FISH only. We found a small deletion on
chromosome 3q13~21 and two regions on chromosome 8 (8q21.1-21.2 and 8q23~24).
Furthermore, in these complex cases, gain of chromosome 6p and 8 occurred more
frequently than can be detected by conventional analysis (chapter 3). We observed
small parts of chromosome 8 being translocated to other chromosomes. Additional
FISH analyses using (sub)telomeric probes should be carried out to investigate if a
particular chromosome 8 region is commonly involved in these translocations or
whether this is a more random phenomenon.

Monosomy 3 is suggested 10 be is an early event in tumorigenesis. White and coworkers
found an isodisomy 3 in a non-pigmented part of a tumour wherease the pigmented
part showed monosomy 3. They hypothesised that this abnomormality of chromosome
3 plays a central role in the molecular pathogenesis of uveal melanoma (White et al.,
1996). This hypothesis is supported by data of Presher et al, who described a uveal
melanoma with two subclones, both containing monosomy 3. In one subclone there was
a trisomy 8 and in the other sucblone as isochromosome 8q. The authors suggested that
a stemline contained loss of chromosome 3 only and that the subclones developed
independently from each other, (Prescher et al., 1994) These data furthermore suggest
that gain of chromosome 8q is a subsequent event. Additionally, our own darta (chapter
2) and those of Aalto et al {Aalto et al., 2001) suggest that loss of chromosome 1p plays
an important role in the transition of primary uveal melanoma to metastatic disease.
The role of chromosome 6 remains uncertain. Based on all these results, we can propose
the following uveal melanoma progression model (Figure 9.1):

normal primary

melanocyte melanoma
monosomy 3 loss of chromosome 1p
chromosome 62 gain of chromosome 8q

Fig 9.1 Tumour progression model for uveal melanoma melanoma.

Although chromosome 1p36 is deleted in many tumour types, as of yet, no convincing
tumour suppressor gene has been identified. One of the most interesting candidate
genes is p73, a p53 homologue, This gene is further discussed in paragraph 10.2, Future
Prospects.

Furthermore, CMMI, a melanoma gene, was linked to this region on chromosome band
1p36 (Bale et al.,, 1989). These data, could not be confirmed by other researchers,
however, despite intensive efforts,

Although several tumour suppressor genes have been mapped to chromosome 3p, such
as VHL (Von Hippel-Lindau syndrome), TGFBR2 (transforming growth factor beta
receptor 2 in colorectal cancer), DLECI (deleted in lung and oesophageal cancer 1), as
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of yet, no known tumour suppressor genes have been mapped to chromosome 3q13~24.
Interestingly, however, this region harbours a relativaly high amount of genes involved
in ocular pathology, such as BFSP2 (beaded filament structural protein 2 involved in
congenital cataract), BPES (blepharophimosis, epicanthus inversus and ptosis type 1),
GLCIC (glancoma 1C} and RHO (rhodopsin, inveolved in retinitis pigmentosa type 4)
(http://nciarray.nci.nih.gov/cgi-bin/cards/). Although these syndromes give rise to
clearly distinct phenotypes, it may suggest that this region may be eye specific. In order
to demarcate this chromosome 3 region found by CGH, we are currently performing
LOH analysis using polymorphic markers.

C-myc, located on chromosome 3924.1, has been suggested to be a candidate oncogene
because of the frequent accumulation of chromosomes 8q in uveal melanoma.
Surprisingly, expression of cmyc was found to be correlated with an improved
prognosis, in contrast to what is known from cutaneous melanoma where it was shown
to be correlated with decreased survival {Chana et al., 1999). Furthermore, the RCAI
gene (renal carcinoma, familial, associated 1), involved in renal cell carcinoma, is
known to map to chromosome 8g24.1. However, our CGH results show that the critical
region on chromosome 8 is probably more proximal to these genes. Unfortunately,
until now, no known tumour-related genes are mapped to this regions.

In the second part of the thesis, we hypothesised that tumour suppressor genes that are
known to be involved in cutaneous melanoma could also be involved in uveal
melanoma tumorigenesis. We established and characterised primary and metastatic
uveal melanoma cell lines to facilitate mutation analyses and expression studies of these
genes (chapter 6). When using cell lines, one should remember that it is a artificial
system. It is generally agreed that using cell lines has disadvantages, the main question
being whether the individual cell lines are representative of the original tumour
(Masters, 2000}. As we have shown in chapter 6, the uveal melanoma cell lines sgll
express the melanoma-associated antigens and (pre-)melanosomes are also present,
indicating their melanocytic origin. However, this does not imply that the uveal
melanoma cell lines are representative for primary uveal melanoma in general. We
observed that the specific chromosomal changes found in primary uveal melanoma,
such as loss of chromosome 1p36, monosomy 3 and gain of chromosome 8, were not
present in our uveal melanoma cell lines. It might be that only those tumours with
specific genetic aberrations are amenable for cell cultures, thereby causing selection. In
addition, an accumulation of genetc abnormalities may be necessary for unlimited
growth. In contrast, the main advantage and reason why cancer cell lines are so widely
used is that they provide an almost unlimited supply of cells with similar genotypes and
phenotypes. Moreover, cell lines can be used to compare lintes derived from different
tissues such as cutanecus melanoma and uveal melanoma. We used cell lines to analyse
genes like p16WK‘M, p14w and PTEN. In contrast to cutaneous melanoma cell lines, we
found no PTEN alterations in primary and metastatic uveal melanoma lines {chapter
8). Furthermore, no homozygous deletions of the pI6" " locus were found, 2lthough
this is known to be the major cause of gene inactivation in cutaneous melanoma cell
lines. In 26 uncultured primary uveal melanoma, we detected a deletion of
chromosome 9p21 in only one case. This patient had alse 2 nevus of Ota, a condition
which is known to associate with uveal melanoma. Uveal melanoma cell lines were
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however shown to inactivate pI6™ * by promotor region methylation, No alterations
in pM’W were found (chapter 7). These and other data, such as a different
chromosomal constitutions and expression of melanoma-associated antigens, suggest
that cutaneous and uveal melanoma follow a different molecular path toward tumour
initiation and to merastatic disease (Cree, 2000). These findings may indicate that not
the origin of these melanomas, but the environment (skin versus eye), is decisive for
which path a tumour cell follows to eventually result in a generalised metastatic disease.

9.2 FUTURE PROSPECTS

We have shown that FISH analysis for chromosomes 1p36 and 3 enables us to identify
uveal melanoma patients with a high risk of metastatic disease. Monosomy 3 is already
used by some clinicians as a2 marker for poor prognosis. However, we have shown that
both chromosomes 1p36 and 3 should be tested for prognostic purposes.

Furthermore, this thesis provides a backbone for research into delineating the critical
regions and identifying genes involved in uveal melanoma development and metastatic
disease progression. We found evidence that both chromosome 1p and 3 loss contribute
to a more aggressive phenotype of uveal melanoma. Furthermore, our studies point to 2
small deletion on chromosome 3q13-24 and two specific regions on chromosome 8q
(8g21.1~21.2 and 8q23~24). To confirm these aberrations and to narrow down the
regions on these chromosomes, allelic imbalance studies using polymorphic markers,
have to be performed. These studies should be performed in the few cases which
showed normal copies of chromosome lp and 3 in the tumour but still developed
metastatic disease. It is tempting to consider that, in these cases, homozygosity is present
due isodisomy formation. Furthermore, LOH studies should be carried out in cases with
partial losses of chromosomes 1p36 and 3.

Furthermore, SKY and CGH will be usefull to delineate the region of interest on
chromosome 1, 3 and 8. Especially those patients whose tumours had partial losses or
gains on these, should be further characterised using these techniques. CGH can even be
applied in cases where no fresh tumour material is available. It would be interesting to
apply CGH on paraffin embedded material from liver biopsies in cases with metastatic
disease. This method can also be used to survey the numerical chromosomal changes in
familial cases of uveal melanoma. Additionally, an array of BAC clones can be used for
CGH analysis. This offers a better sensitivity and resolution than metaphase
chromosomes, the traditional target for CGH and thereby allows a further refinement
of the target regions found by conventional cytogenetics or CGH (Pinkel et al., 1998).
Other strategies to identify genes involved in uveal melanoma include the testing of
putative candidate genes and the screening of micro arrays. Potential tumour
suppressor genes inciude the p63 and p73 genes (Yang and McKeon, 2000). The
involvement of p53 in uveal melanoma is uncertain but the location of the p63 and
P73 on chromosome 3q27-29 and 1p36 respectively, makes them interesting candidates.
Recently, it was shown that the TA-p73 and TA-p63 isotypes are capable of inducing
apoptosis or, possibly, tumor suppression (¥Yang et al.,, 1998). Furthermore, it was found
that primary lung cancers, squamous cell cancers and epithelial neoplastic cells
predominantly express the ANp63 isotypes. (Nylander et al., 2600). The AN isoforms of
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p63 are known to have dominant negative effects on both the TA-isoforms of p63 and
on pb3 (Yang et al.,, 1998). All these data suggest a complex cross-talk between the
members of the p33 gene family.

Lastly, DNA chip technology can be used to analyse differences in expression patterns
on large number of genes in two samples. These samples can be tumour versus normal
samples or, for example, tumours with and without chromosome 1p and 3 loss. Also,
genes from one particular chromosome or chromosome arm can be tested. The data
obtained with this technique could provide informaton on wmor progression
pathways, on genes involved in tumorigenesis and may allow the identificadon of
tumour subsets with highly malignant phenotypes (Bittner et al,, 2000). Alshough the
purpose of this method seems unlimited, it will only yield wseful information if the
starting material is well characterised, as is the case in our samples.

In the last 6 years, we have collected well characterised tumour material and these
samples provide an excellent starting point for these novel types of analyses.
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SUMMARY

SUMMARY

In this thesis we describe cytogenetic and molecular genetic analyses of uveal
melanoma. Uveal melanoma is the most common intraocular tumour in adults in the
Western world, with an anmnual incidence of 7 per million people. About half of the
patients die within fifteen years after time of diagnosis of metastatic disease, which is
preferentially located in the liver. Several prognostic markers have been demonstrated
to associate with (disease free) survival, however, the selection of patients at risk of
metastatic disease remains difficult. In an attempt to more carefully predict the patients
outcome, we analysed eighty uveal melanoma from patients treated with enucleation
for chromosomal changes using cytogenetic and FISH techniques (chapter 2). We found
a strong correlation between a concurrent loss of chromosomes 1p and 3 and a
decreased disease free survival of the patients. Using these parameters patients at risk
for metastatic disease can be selected which may justify adjuvant therapies in these
cases. Furthermore, these data provide information about chromosome regions
involved in uveal melanoma progression. Genes such as 73, mapped to chromosome
1p36, and p63 on chromosome 3927, will be tested for their involvement in uveal
melanoma tumorigenesis.

Most uveal melanoma show simple karyotypes and cytogenetic and/or FISH analysis
will be sufficient to characterise these genetic changes, However, in some cases, complex
karyotypes or discrepancies between cytogenetic and FISH analyses are found. In
chapter 3, we describe the analysis of the complex chromosomal abnormalities in five
primary uveal melanoma and two uvezl melanoma cell lines using conventional
cytogenetic, FISH, SKY and CGH analyses. We demonstrated that, using cytogenetics or
FISH only, chromosome 6 and 8 abnormalites are clearly underestimated. Furthermore
we found a small deletion on chromosome 3ql3-21 which may narrow down the
chromosome region on chromosome 3 involved in uveal melanoma tumorigenesis.
These chromosome analyses are only applicable to patients treated with enucleation,
since only then tumour material is available. However, more and more patients are
treated with radiotherapy, restricting genetic prognostic evaluation. We investigated
whether FISH analysis on fine needle aspiration biopsies of uveal melanoma could
provide a tool for genetic studies in patients treated with eye conserving protocols
(chapter 4). We found that FISH analysis is suitable for the detection of chromosomal
changes in these ex vivo biopsies, and that the biopsies were representative for the
original tumour. These data, indeed, suggest that this method can be used to obtain
information about the chromosomal composition of these melanomas, which enables us
to predict the patients cutcome,

Chromosome analysis can also be applied to biopsies of lesion suspected to be uveal
melanoma (chapter 5). In that study, we performed FISH analysis to three of such
lesions and found gain of chromosome 8, in one case, suggesting malignant
transformation. In the remaining cases no chromosomal changes were detected. In the
first case we decided to enucleate the patient and found a small melanoma derived
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from z pre-existent naevus, In the other two cases, no action was undertaken and
appoximately 3 year after the procedure, no tumour progression was observed.

The second part of this thesis describes the establishment of uveal melanoma cell lines
(chapter 6) and mutation analyses of potential mmour suppressor genes on these cell
lines. In cutaneous melanoma cell lines, deletions or mutations in the pIGINM“ and
PTEN gene are frequently described. In chapter 7 we describe the mutation analysis of
the pleK"a and f.uf-?f’mF gene in uveal melanoma. In contrast to what is known from
cutaneous melanoma, we found that methylation is the major cause of p16mma
inactivation in uveal melanoma cell lines. In the PTEN gene, no mutations were found
in uveal melanoma cell lines (chapter 8), These data suggest that, despite a common
origin, uveal and cutaneous melanoma follow a different route towards tumorigenesis.
The general conclusions, which can be drawn from the studies described in this thesis,
are discussed in chapter 9. Furthermore, in this chapter, recommendations for future
research are made,
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In dit proefschrift worden de cviogenetische en moleculair genetische analyse van
oogmelanomen beschreven. Het oogmelancom is de meest voorkomende primaire
maligne tumor van het oog met een jaarlijkse incidentie van 7 per miljoen mensen. De
helft van deze pati€nten overlijdt uiteindelijk aan de gevolgen van uitzaaiingen,
waarbij vooral de lever is aangedaan. Het onderzoek naar oogmelanomen heeft zich
vooral geconcentreerd op het vinden van parameters die correleren met de overleving
van de patiént. Het voorspellen van de prognose van een individuele patiént bleef
echter tot nu toe moeizaam.

In het eerste deel van dit proefschrift, wordt de nadruk gelegd op de
cytogenetische afwijkingen in oogmelanomen.

In een serie van 80 tumoren hebben wij onderzocht of patiénten met een hoog
risico op witzaaiingen kunnen worden onderscheiden van patiénten met een lager
risico, op basis van chromosoom afwijkingen in de tumor. Wij hebben hierbij gebruik
gemaakt van cytogenetica en FISH technieken (hoofdstuk 2). Er werd een sterke
correlatie gevonden tussen verlies van zowel chromosoom regio 1p36 en chromosoom 3
en de ziektevrije overleving van de patiént. Deze prognostische marker stelt ons in staat
hoog-risico patiénten te selecteren. Bij deze patiénten kunnen we overwegen
aanvullende therapie te geven.

Buiten deze klinische relevantie van onze bevindingen geven deze resultaten
inzicht in welke chromosoomregio’s betrokken kunnen zijn bij het ontstaan of de
nitbreiding van oogmelanomen. Genen zoals p73 {op chromosoom 1p36) en p63 (op
chromosoom 3q27), dienen te worden onderzocht op hun betrokkenheid in
oogmelanomen.

Meestal vinden we in oogmelanomen eenvoudige chromosomale afwijkingen en
volstaan c¢ytogenetica en FISH voor de analyse van deze tumoren. In sommige tumoren
worden echrer complexe afwijkingen gevonden. In hoofdstuk 3 beschrijven wij het
gebruik van SKY en CGH als aanvullende technieken in vijf van deze gevallen en in
twee cogmelanoom cellijnen. Chromosoom 6 en 8 afwijkingen werden vaker gevonden
dan verwacht op basis van cytogenetica en FISH analyse. Bovendien hebben we een
kleine deletie op chromosoom 3q13-24 opgespoord, hetgeen het gebied op chromoscom
3, dat mogelijk een rol speelt bij het ontstaan of de vitbreiding van cogmelanomen,
verder verkleint.

De hierboven beschreven chromosoomanalyse kan alleen worden gedaan op
tumormateriaal. Tegenwoordig worden veel patienten echter behandeld met bestraling
van het aangedane oog waardoor er geen materiaal beschikbaar is voor analyse. Wij
onderzochten of in dergelijke gevallen biopten van de melanomen genomen konden
worden voor chromosoom onderzoek (hoofdstuk 4). Van veertdg oogmelanomen
hebben we, na enucleatie, een biopt genomen. Deze biopten hebben we, samen met een
stukje van de oorspronkelijke tamor, geanalyseerd met FISH. Het bleek dat deze
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biopten goed te gebruiken waren voor FISH analyse en dat ze representatdief
waren voor de tumor waaruit het biopt genomen was. Hoewel deze biopten genomen
waren van gefnucleferde ogen, wijzen de resultaten erop dat we bij patiénten die
behandeld worden met ocogsparende therapieén, ook chromoscomanalyse kunnen
verrichten ter evaluatie van de prognose van de betreffende patiént.

Biopten Lkunnen ook genomen worden in gevallen waarbij de diagnose
oogmelanoom niet geheel zeker is. Wij hebben in drie van zulke gevallen biopten
genomen en chromosoomanalyse verricht met behulp van FISH analyse (hoofdstuk 5).
In een van deze drie biopten vonden we een extra chromosoom 8, hetgeen suggereert
dat er kwaadaardige cellen aanwezig zijn. Bij deze patiént werd behandeling
geadviseerd waarbij de patient de voorkeur gaf aan enucleatie. In de andere twee
biopten werden geen afwijkingen gevonden en werden de patiénten gevolgd zonder
verdere behandeling. Bij dere padenten werd in de drie jaar na het nemen van de
biopten geen tumorgroei waargenomen.

Het tweede deel van dit proefschrift beschrijft de moleculair genetische analyse
van oogmelanomen. In hoofdstuk 6 beschrijven wij het ontwikkelen en karakteriseren
van twee primaire en drie metastatische oogmelanoom cellijnen. Deze cellijnen stellen
ons in staat genen te onderzoeken die mogelijk betrokken zijn bij oogmelanomen.

Genen waarvan we weten dat zij betrokken zijn bij huidmelanomen zijn het
pMWM”/ pMW gen en het PTEN gen. In tegenstelling tot huidmelanomen, waar
mutaties en verlies van het p16m"4" gen frequent gevonden worden, vonden wij dat in
oogmelanomen dit gen meestal (in 4 van de 9 cellijnen) uitgeschakeld was door middel
van methylering (hoofdstuk 7). Ook werden in deze oogmelanoom cellijnen geen
mutaties in het PTEN gen gevonden (hoofdswuk 8).

De conclusies die getrokken worden uit het onderzoek beschreven in dit
proefschrift worden uiteengezet in hoofdstuk 9. Bovendien bevat dit hoofdstuk
aanbevelingen voor verder onderzoek.
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