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Abstract

Purpose Loss of chromosome 3 is a frequent

event in uveal melanomas, which is associated

with hepatic metastases and a poor prognosis.

The entire copy of chromosome 3 is usually

lost (monosomy 3); however, a small subset of

tumours demonstrate partial deletions of

chromosome 3. Analysis of these tumours may

allow the identification of tumour suppressor

genes (TSGs) that are the molecular target of

monosomy 3. Therefore, the purpose of this

investigation was to determine the location of

these partial deletions of chromosome 3 in

uveal melanomas.

Methods Microsatellite analysis and

restriction fragment-length polymorphism

analysis were performed on 52 primary uveal

melanomas using 19 markers located on both

arms of chromosome 3. Cytogenetic analysis

and fluorescence in situ hybridisation were

performed, where possible, to confirm

molecular findings.

Results Of 52 tumours studied, five tumours

(10%) demonstrated LOH at one or more

informative markers, but retention of

heterozygosity was observed at other loci on

chromosome 3, consistent with the presence of

structural abnormalities to chromosome 3.

Consistent with previous findings, the pattern

of LOH in these tumours indicates the

presence of deletions around 3p25–26 and on

3q, and that a new target region at 3p11–14 is

preferentially deleted.

Conclusions These results indicate the

presence of several tumour suppressor loci on

chromosome 3 and support the notion that the

high rate of monosomy 3 in uveal melanoma is

driven by disruption of several TSGs located

on both arms of chromosome 3.

Eye (2006) 20, 476–481. doi:10.1038/sj.eye.6701906;

published online 27 May 2005

Keywords: monosomy 3; deletion; uveal

melanoma

Introduction

Posterior uveal melanomas occur in the choroid

and ciliary body of the eye, and account for 80%

of all noncutaneous melanomas.1 They are the

most common intraocular tumours of adults,

having an annual incidence in the western

world of 0.8 cases per 100 000 population,2 and

are highly aggressive, frequently metastasising

to the liver. Once hepatic metastases are

established, survival is usually less than 12

months.3 Conversely, iris melanomas, although

less frequent, have a good prognosis and only

rarely metastasise.4

Uveal melanomas have been well

characterised by cytogenetic studies, owing

largely to their relatively simple karyotypes and

ease of culture. Cytogenetic studies on posterior

uveal melanoma have revealed the presence of

recurrent primary aberrations, including loss of

chromosome 3 and gain of chromosome 8q.5–7

Monosomy 3 is present in approximately 50% of

tumours and is associated with a poor

prognosis.8–10 Postoperative observation of

cases with monosomy 3 showed that 57% of

cases developed metastasis within 3 years.11 In

contrast, tumours with disomy 3 rarely

metastasise.11 Confirmation of monosomy 3 as a

highly sensitive prognostic indicator is

supported by other studies, in which its

association with a gain of chromosome 8q

confers a poor prognosis.9

The recurrent loss of chromosomal regions in

tumours indicates the possible location of a

tumour suppressor gene (TSG), which can be

identified by the detailed mapping of deleted

regions.12 Deletions of chromosome 3 are

frequently observed in many tumour types,

although such abnormalities tend to affect only
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chromosome 3p, with 3q deletions being a relatively rare

event.13 Uveal melanomas, however, are highly unusual

in that the entire chromosome is subject to loss, and it has

been hypothesised that these observations reflect the

involvement of one or more TSGs on each chromosomal

arm.10,11,14 A minority of uveal melanomas do however

demonstrate translocations and partial deletions of

chromosome 3, occasionally as the sole abnormality.10,15–18

Recently, deletion-mapping studies have identified two

commonly affected regions at 3p25 and at 3q24–26.18,19 To

identify additional preferentially lost regions in uveal

melanoma, we analysed polymorphic markers along

chromosome 3 in a series of 52 primary uveal melanomas,

irrespective of chromosome 3 status. Here we describe

two possible regions of common loss at 3p25, and a new

region at 3p11–14, consistent with previous molecular

genetic and cytogenetic findings.

Materials and methods

Cases

Prior to collection of blood and tumour samples, local

ethical committee approval and informed patient consent

were obtained. The research adhered to the tenets of the

Declaration of Helsinki. The tumours of 52 patients,

treated at the Department of Ophthalmology and

Orthoptics, University of Sheffield, between 1994 and

1999 were studied. All were primary uveal melanomas,

with no prior treatment and were either locally resected

or enucleation. For each case, paired peripheral blood

and tumour tissue were available for DNA extraction.

The series comprised two anterior uveal melanomas (iris

melanomas) and 50 posterior uveal melanomas,

including 21 ciliary body tumours, 23 choroidal tumours,

and six chorio-ciliary body tumours. The majority of

tumours were large tumours (410 mm diameter)

(n¼ 45), only one tumour was medium sized (5–10 mm

diameter) and the sizes of a further seven tumours,

including one iris melanoma, were not recorded.

PCR amplification

Genomic DNA was isolated from fresh-frozen tumour

tissue (25 mg) and from paired patient whole blood (1 ml)

using the Mini Genomic DNA extraction kit (Qiagen,

Crawley, UK). Restriction fragment-length

polymorphism (RFLP) and microsatellite markers were

analysed by PCR amplification. A total of 19

polymorphic loci were studied. Primers for microsatellite

markers were labelled with either IRD 700 or IRD 800

(MWG-Biotech, Ebersberg, Germany). Microsatellite PCR

products were loaded onto 6% denaturing

polyacrylamide gels and run on a Licor dual laser DNA

sequencer. LOH was defined as a visible reduction in the

intensity of one allele in the tumour sample, compared to

the paired blood sample, and was scored by two

independent observers (NAC, AG). In case of

disagreement, the result was declared noninformative.

Cytogenetic analysis and fluorescence in situ

hybridisation (FISH)

Uveal melanoma cells were cultured from fresh primary

tumour material and cytogenetic analysis was performed

as detailed previously.9 The description of cytogenetic

abnormalities seen in this study was reported using the

International System of Human Cytogenetic

Nomenclature (ISCN, 1995). To identify the abnormalities

detected by molecular genetic findings, FISH was

performed using chromosome 3-specific paints as

outlined previously.9 Slides were analysed on an

Olympus BX50 microscope linked to a CCD camera, and

analysed using MacProbe software (PSI Inc.).

Results

In this study, a panel of uveal melanomas was

investigated for the presence of LOH at 19 polymorphic

loci along both arms of chromosome 3. Of 52 tumours

studied, 30 (58%) demonstrated LOH at all loci tested,

which was presumed to represent functional monosomy

3, and 17 tumours (33%) demonstrated retention of

heterozygosity at all loci (disomy 3). A further five

tumours (10%) showed evidence of structural

abnormalities of chromosome 3, with LOH affecting one

or more markers, but retention of heterozygosity at other

sites. A summary of the five cases demonstrating

structural abnormalities of chromosome 3 is shown in

Table 1, and patient details of these cases are shown in

Table 2.

Two tumours demonstrated evidence of breakpoints

affecting 3p24–26 by microsatellite analysis (Figure 1).

SOM 147 demonstrated LOH at all informative loci,

except for D3S3525 (3p26). Conversely, SOM 240

demonstrated LOH at D3S3525 (3p26), whereas retention

of heterozygosity was observed at all other loci on

chromosome 3p. This indicates a possible region of

common loss between D3S3525 (3p26) and D3S1293

(3p24) in these two tumours. In addition to the deletion

at 3p26, SOM 240 also demonstrated LOH affecting 3q13-

ter by microsatellite analysis, suggestive of a large

deletion, potentially involving the entire 3q arm (Table 1).

Subsequent FISH and cytogenetic analysis of SOM 240

indicated the presence of a large deletion affecting 3q, but

appeared to suggest the presence of a translocation

telomeric to the region identified by molecular genetic

studies (Figure 2). Such differences could arise either by
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complex rearrangements at 3q13–21 that were not visible

by FISH or cytogenetic analysis, or by tumour

heterogeneity. The translocation affecting 3q in SOM 240

was observed in approximately half of metaphases

analysed, therefore tumour heterogeneity may explain

why no visible abnormality was seen by cytogenetic

analysis at 3p26 in SOM 240, a region exhibiting LOH in

this tumour. Evidence of a structural abnormality

affecting 3q was also observed in SOM 177, with allelic

imbalance affecting 3p and the centromeric region of 3q.

Cytogenetic analysis of this tumour demonstrated a near-

triploid karyotype, but only two apparently normal

copies of chromosome 3. In addition, several marker

chromosomes were present, potentially containing

chromosome 3 material (data not shown). In the presence

of two normal copies of chromosome 3, allelic imbalance

at 3pter-3q12 and retention of heterozygosity of

3q13-3qter may actually represent a deletion of

3q13-3qter on a duplicated chromosome 3 homologue

in this triploid tumour.

Two tumours demonstrated the presence of interstitial

deletions around 3p11–14.2. In the first case (SOM 169)

LOH was observed at D3S1481 (3p14.2), a marker within

the FHIT gene, while in the second tumour (SOM 244)

D3S30 (3p12) and D3S4529 (3p11) demonstrated LOH.

Table 1 Summary of cases of uveal melanoma with structural
abnormalities of chromosome 3

Marker Band 177 147 240 169 244

D3S3525 3p26
��
�
�
�

CDR1
D3S1293 3p24
D3S1298 3p23
D3S2 3p21.3
D3S32 3p21.3
D3F15S2 3p21.3
D3S1478 3p21.3
D3S1573 3p21.2
D3S1481 3p14.2

��
�
�
�D3S30 3p12
��
�
�
�

CDR2
D3S4529 3p11
D3S1251 3q11
D3S3574 3q12
D3S1610 3q13
D3S1292 3q21
D3S1272 3q27

Black¼ allelic imbalance, grey¼ informative (retention of heterozygos-

ity), white¼noninformative, CDR¼ commonly deleted region. Data not

shown for five additional markers that were either not informative or did

not further define deleted regions in these five cases.

Table 2 Patient details of cases with structural abnormalities of
chromosome 3

SOM Sex Treatment Location Size
(MD)
(mm)

Cell
type

Status

147 M E CB 11 Mixed Alive
60 months

169 F E CB 15 S Alive
60 months

177 M E CB 21 Mixed Deada

5 months
240 F E C 16 SB Alive

23 months
244 F E CB 8 SB Alive

23 months

Sex: M¼male, F¼ female. Treatment: E¼ enucleation. Location:

C¼ choroid, CB¼Ciliary body. Tumour size: MD¼maximum diameter.

Cell type: S¼ spindle, SB¼ spindle type B.
aDead from metastatic disease.

Figure 1 Analysis of microsatellites in tumours with LOH
affecting 3p23–26. Microsatellite analysis of paired blood (B) and
tumour material (T) for SOM 147 and SOM 240 at (a) D3S3525
and (b) D3S1478, confirming the presence of a breakpoint
between these markers in these tumours. An arrow demon-
strates LOH.

Figure 2 Chromosome 3 status of SOM 240 by cytogenetic
analysis and FISH. (a) Partial karyotype of SOM 240 demon-
strates the presence of one apparently normal copy of chromo-
some 3 and the presence of additional material at 3q23–24
(add(3) (q23–q24). (b) FISH analysis of SOM 240 using
chromosome 3-specific paints, demonstrating the presence of a
translocation onto chromosome 3q.
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Cytogenetic analysis of SOM 169 and SOM 244 revealed

structural abnormalities affecting the region between

3p14 and 3p21, and between 3p11 and 3p14, respectively,

in close proximity to the regions identified by

microsatellite and RFLP analysis (data not shown).

Of the 52 melanomas studied by microsatellite

analysis, 24 of these were also studied by cytogenetic

analysis and FISH, including four cases with structural

abnormalities of chromosome 3. Of the 20 cases with

either monosomy 3 or disomy 3, the results of molecular

genetic findings correlated with cytogenetic analysis in

all but a single case.

Discussion

Studies on a wide range of tumour types have indicated

that recurrent loss of the entire copy of chromosome 3 is

unique to uveal melanoma, in contrast to other tumour

types, which preferentially lose the p-arm.12 There are

several candidate TSGs on the p-arm, including Von

Hippel–Lindau (VHL) at 3p25–26, Xeroderma

Pigmentosum C (XPC) at 3p25, hMLH1 at 3p21.3, and

fragile histidine triad (FHIT) at 3p14.2; however, to date,

no TSG has been identified of the q-arm.12,13

Monosomy 3 in uveal melanomas is predominantly

found in tumours that result in metastatic disease,

suggesting that its occurrence results in the loss of TSGs,

which, either alone or in combination with other genetic

abnormalities, are prerequisites for metastatic

disease.10,11,20 As the entire chromosome is lost, it seems

likely that several TSGs residing on both arms are the

targets, and thus in a single genetic event a reduction to

homozygosity for all relevant genes would be achieved.

The identification of these putative tumour suppressor

loci can be directly facilitated by the study of melanomas

that demonstrate partial deletions of chromosome 3.

Cytogenetic studies of uveal melanoma have identified

structural abnormalities affecting chromosome 3 in a

small number of cases. The presence of partial deletions

of chromosome 3 at 3p25 and at 3q24–2619 indicates the

presence of multiple TSGs on chromosome 3. In addition

to these findings, a second commonly deleted region at

3p25 has recently been described,18 implicating a region

centromeric to the region identified by Tschentscher and

colleagues, suggesting the presence of more than one

relevant TSG at 3p25. These findings were consistent

with the notion that recurrent loss of the entire copy of

chromosome 3 resulted in the disruption of one or more

TSGs on each chromosomal arm.

In the present study, deletions were targeted to the

3p24–26 region, with one tumour demonstrating loss of

almost the entire chromosome, retaining only markers at

3p26. Conversely, a further melanoma (SOM 240) had

only loss on a marker at 3p26, leading to the possibility of

a shared deleted region in both tumours, with the

smallest region implicated being 3p24–26, between

D3S1293 and D3S3525. Such a region is consistent with

recent findings, and would confirm this site as the

possible location of a TSG of relevance to uveal

melanoma.18,19 These studies expanded the number of

loci investigated in the 3p25 region, and was able to

eliminate the VHL gene as the potential target. It is

interesting that in a recent study using cDNA arrays to

analyse gene expression profiles in uveal melanomas

exhibiting monosomy 3, the expression of several genes

located at 3p25–26 (including fls485, a gene of unknown

function and CHL1, a neuronal cell adhesion molecule)

were not detectable in tumours exhibiting monosomy 3.21

In the absence of detectable homozygous deletions, the

lack of expression of CHL1 and fls485, and not 50%

reduction in expression levels, suggests that additional

mechanisms other than LOH are involved in silencing

genes on the remaining copy of chromosome 3 at sites of

LOH.

A second possible region of common loss was also

identified in this investigation, finding in two tumours a

deletion between 3p14.2 and 3p11. Interstitial deletions

affecting 3p14.2–13 have recently been reported in uveal

melanomas,18 although no overlapping deletions were

observed. The interstitial deletions of 3p identified in this

investigation were the result of chromosome

abnormalities near the limit of detection by cytogenetic

analysis. Armed with the results of the molecular

analysis visible abnormalities of chromosome 3 were

established in SOM 169 and SOM 244. Without this prior

knowledge, it is likely that such deletions would be

routinely missed, leading to an under representation of

this region as the location of a putative TSG in uveal

melanoma. The present study analysed a series of cases

of uveal melanoma irrespective of whether chromosome

3 aberrations were known to be present, whereas the

study by Tschentscher and associates used a series of

cases with known cytogenetic abnormalities to

chromosome 3.19 This could explain why deletions of

3p12–p13 were detected only in the present study. It is

noteworthy that a case of uveal melanomas has been

previously described with a translocation at 3p13 as the

sole abnormality, suggesting that a second important

TSG may reside at this location.16 Furthermore, DUTT1/

ROBO1 is a putative TSG located within the deleted

region identified in the present study,22,23 the expression

of which is absent in uveal melanomas with monosomy

3.21 DUTT1/ROBO1 is a neural cell adhesion molecule,

as is CHL1 at 3p26, and represents a target for further

study as a candidate TSG in the preferentially deleted

region around 3p12–13.

Consistent with previous observations, this

investigation has confirmed that loss of chromosome 3q
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as well as loss of 3p occurs in uveal melanoma.10,19,24,25

The present study detected two tumours (SOM 240 and

SOM 177) with specific abnormalities affecting

chromosome 3q. In SOM 240, a deletion affecting 3q23–24

to 3qter was observed by cytogenetic analysis. In SOM

177, allelic imbalance was observed from 3pter to 3q12;

however, this tumour demonstrated a triploid karyotype

with two apparently normal copies of chromosome 3, in

addition to several unidentified marker chromosomes

which could potentially contain chromosome 3 material.

Therefore, retention of heterozygosity at 3q13 to 3qter in

this tumour may actually represent chromosome 3

duplication and subsequent deletion of 3q13 to 3qter,

which would be consistent with observations of deletions

affecting chromosome 3q in uveal melanomas. A region

of common deletion on chromosome 3 has been

described in uveal melanomas at 3q24–26,19 a site that is

infrequently affected in most tumours but is deleted in

osteosarcomas, paragangliomas, and

pheochromocytomas.26–28 An additional tumour with a

deletion involving 3q25.1-ter has also been reported in a

single case of uveal melanoma, consistent with this

region harbouring a TSG.25

Here we report the screening of 52 cases of uveal

melanoma for partial deletions of chromosome 3, the

findings of which confirm previously reported

commonly deleted regions at 3p25 and 3p11–14. A high-

resolution follow-up study targeted to these regions is

required to further localise the putative tumour

suppressor loci on chromosome 3 in uveal melanoma.
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