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Association of specific chromosome alterations with
tumour phenotype in posterior uveal melanoma
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Summary Posterior uveal melanomas have recurrent alterations of chromosomes 1, 3, 6 and 8. In particular, changes of chromosomes 3 and
8 occur in association, appear to characterize those tumours with a ciliary body component, and have been shown to be of prognostic
significance. The relevance of other chromosome alterations is less certain. We have performed cytogenetic analysis on 42 previously
untreated primary posterior uveal melanomas. Of interest was the observation that as tumour size increased the involvement of specific
chromosome changes, and the amount of chromosome abnormalities likewise increased. Loss, or partial deletions, of the short arm of
chromosome 1 were found to associate with larger ciliary body melanomas; typically, loss of the short arm resulted from unbalanced
translocations, the partners of which varied. Trisomy of chromosome 21 occurred more often in ciliary body melanomas, whilst
rearrangements of chromosomes 6 and 11 were primarily related to choroidal melanomas. Our results imply that alterations of chromosome
1 are important in the progression of some uveal melanomas, and that other chromosome abnormalities, besides those of chromosomes
3 and 8, are associated with ocular tumours of particular locations. © 2000 Cancer Research Campaign
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The eye is the commonest site for non-cutaneous melanomak990, 1992; Prescher et al, 1992, 1996; Dahlenfors et al, 1993;
accounting for approximately 80% of such lesions (Scotto et alHorsman and White, 1993; Singh et al, 1994). Ciliary body
1976). Ocular melanomas principally arise from the uveal tractmelanomas are known to have an adverse prognosis (McLean
which comprises the iris, ciliary body and the choroid, the highesgét al, 1977), and the close association of chromosomes 3 and 8
incidences are for the posterior (ciliary body and choroid)with this phenotype has led to the suggestion, and confirmation,
melanomas, with an annual frequency, in America, of 5-7 casdbat the presence of such chromosome alterations identify uveal
per million population (Egan et al, 1988; Rennie, 1991). A genetienelanoma patients with significantly reduced survival (Prescher
predisposition has been suggested to be amongst the predisposéial, 1996; Sisley et al, 1997). Although uveal melanomas do not
risk factors for this disease, with at least 40 families showingisually demonstrate high levels of chromosome aberrations, alter-
increased susceptibility (Canning and Hungerford, 1988; Singlations of other chromosomes, such as those of chromosomes 1, 11,
et al, 1996), and recent evidence has implied that a relationshiil and the Y chromosome, also occur with a reasonable consis-
may exist with breast cancer (Wooster et al, 1995). tency (Prescher et al, 1990, 1995; Sisley et al, 1990, 1992;
The cytogenetic alterations of the majority of solid malignan-Horsman and White, 1993; Gordon et al, 1994; Singh et al, 1994;
cies are poorly understood, with solid tumours comprising approxSpeicher et al, 1994); but it is unclear whether these changes asso-
imately 27% of all reported cytogenetic analyses and, of these, lesfate with specific stages of tumour development, or with tumour
than 1% relate to melanomas (Mitelman, 1994). Posterior uveaub-groups. In this report, we examined the specific involvement
melanomas are relatively atypical amongst adult solid tumourgf individual chromosomes in a series of 42 primary uveal
because they are highly amenable to chromosome analysis amlanomas. Patients were referred with previously untreated uveal
often possess only minimal cytogenetic alterations (Prescher et ahelanomas, during an 8-year period, to a national centre based at
1990, 1995; Sisley et al, 1990, 1992; Horsman and White, 1993he department of Ophthalmology and Orthoptics, Sheffield
Wiltshire et al, 1993; Singh et al, 1994). This propensity hadJniversity. Cytogenetic analysis of some patients had been
permitted the identification of consistent anomalies of chromo+eported formerly (Sisley et al, 1990, 1992; Tappin et al, 1996),
somes 3, 6 and 8; in particular, loss of chromosome 3 is associatadd the significance of chromosomes 3 and 8 changes already
with alterations of chromosome 8, principally in the form of andocumented (Sisley et al, 1997).
isochromosome 8¢, and such abnormalities appear to be correlated

with those tumours with a ciliary body component (Sisley et al,
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Table 1 Clinicopathological details of the patients had been procured, cells were harvested and chromosome prepare
tions made and banded (Sisley et al, 1990), with abnormalities

Case no Sex Tumour location and cell Diameter and . . . . . .
volume recorded in accordance with international guidelines (ISCN,
type in (mm) 1991).
Som 10 Male Choroid (C), Spindle cell (S) 12.45/929.53
Som 11 Female Cilary Body (CB), Mixed cell 11.1/1352.75 Statistical analysis
(M)
zom 1‘71 ma:e gm igézgggg; Statistical association was assessed by constructgc@ntin-
om ale , . . . . . . ipe
Som 22 Male Cilary body/choroid (CB/C), M 12.7/1419.15 gency tables of the variables. Statistical significance was

Som 27 Male C, Epithelioid (E) 11.8/769.64 evaluated using Pearsghand Fishers’ Exact test withRavalue

Som 30 Male CBIC - of < 0.05 taken to indicate significance.

Som 35 Male CB,E 12/398.13

Som 37 Female CB/C, M -

Som 40 Female C,M 11/590.97

Som 42 Male cM 15.1/2043.15 RESULTS

Som 44 Female CB/C, M 15.3/1518.99 . . - . . .
Som 47 Male CM 13.95/466 30 Cytogen(_atlc analysis and the clinical gnd histopathological details
Som 52 Female CBIC, M 17.45/1664.67 of 18 patients has been reported previously. Cases Som 10, 11, 17
Som 53 Male CBIC, M 15.6/2897.72 22, 30 and 35 were presented in Sisley et al (1990), cases Som 36
Som 57 Female  CB/C, M 14.7/2226.14 37, 47,52, 53, 57, 59, 60, 61, 62 and 63, were detailed in Sisley et
282 22 mz:g gm ;75';;23222';3 al (1992) and cases Som 95 and 140 reported in Tappin et al
Som 61 Male c M 13.45/962.84 (1996). The significance of chromosome 3 and 8 abnormalities in
Som 62 Male CBIC,E 18.05/2168.57 the series of 42 patients has been considered separately (Sisle)
Som 63 Male cs 16.3/723.1198 et al, 1997). Cytogenetic analysis from the uveal melanomas is
Som 95 Male CB/C, M 21.75/3939.70 detailed in Table 2 and the clinicopathological details are
Som 96 Female CB, M 16.8/3292.50 r nted in Table 1

Som 98 Male c s 12.05/1349.02 presente able L. ) )

Som 99 Female CB,S 12/387.81 The results of cytogenetic analysis for all 42 cases was exam-
Som 100 Female CB, E 13.5/1172.09 ined. The incidence for involvement of individual chromosomes in
Som 112 Male CBIC, S 19/2605.95 numerical and structural changes was ascertained as a percentag
Somi1ls  Male CBIC, M 19.65/2918.02 of tumours possessing such abnormalities (results not shown). In a
Som 115 Male CB, E 10.8/500.22 . K . .
Som 118 Male cs 16.4/1477.20 given tumour, if aneuploidy of both homologues was present, or if
Som 119 Male C,M 24/4041.91 both experienced structural rearrangements, the occurrence was
Som 120 Male CB,M 6.3/392.77 only recorded once. From the study the commonest chromosome
Som 122 Male CB,M 12.65/1492.11 abnormalities were confirmed to be loss of chromosome 3 (21
Som 124 Male CBIC, S 22.2/5241.26 ¢ 50% of mel dthe Y ch 161

Som 125 Female CM 19.1/2239.61 umours, 6 of melanomas) and the Y ¢ _romosome( umours,
Som 126 Male CB/C, M 16.75/2937.64 38% of melanomas), and structural alterations of chromosomes 1,
Som 128 Female c's 15.45/2478.55 6 and 8 (13, 16 and 21 tumours representing 30%, 38% and 50% of
Som134  Male CsS 10.3/756.65 melanomas respectively). The distribution of breakpoints for
282 122 mz:g EB'SM E"g//;sgzgz structural alterations in the series was determined (Figure 1), and
Som 137 Female  CB/M 16.2/1580.36 although most chromospmes experienced some rearrangement, th
Som 140 Female CBIS 13.6/1836.91 occurrence of breakpoints was not random. Chromosome 8 was

the most heavily implicated in structural rearrangements, with
breakpoints concentrated at the centromeric region, whilst both
arms of chromosome 6 were equally represented. Breakpoints on
choroid) were examined during the period 1987-1995. Thehromosome 1 were predominantly at the centromeric region, and,
majority of patients were treated by enucleation (removal of thén common with other breakpoints on chromosome 1p, produced
eye), although six patients underwent local resection of then effectual deletion of the short arm, often as a result of unbal-
primary tumour. The cohort consisted of 29 males and 13 femaleanced translocations (Figure 2). Also of interest was the apparent
ranging in age from 43 to 90 years (median 66 years). Estimatiofiotspot at chromosome 1123 (Figure 1).

of tumour size was conducted preoperatively by B scan ultra- To associate chromosome abnormalities with phenotypic
sonography (Cooper Vision), and the longest tumour diameter ifeatures, the incidence of numerical and structural alterations was
contact with the sclera was determined (Ltd). All melanomas wereetermined in relation to tumour location, size and cell type
categorized histopathologically according to the AFIP system ofFigures 3 and 4). The significance of the specific changes of chro-
classification for uveal melanoma (Spencer, 1986). The clinicomosomes 3 (loss) and 8 has been previously recounted (Sisley e
pathological details of the previously unreported patients aral, 1997), and will not be considered in this report. Structural alter-
presented in Table 1. ations of chromosome 6 (p and q) were found in both ciliary body
(8/24 tumours) and choroid melanomas (8/18 tumo&rs){.46).
Trisomy of chromosome 21 occurred more frequently in ciliary
body melanomas (6/24) although this did not achieve statistical
Uveal melanoma biopsies were processed immediately uposignificance P = 0.23). Similarly, chromosome 1 p deletions were
resection as previously reported (Sisley et al, 1990, 1997). Tumotisund predominantly in ciliary body melanomas (11/24); this was
cultures were continually assessed, and when sufficient growtatistically significant® = 0.016). Abnormalities of chromosome

Cytogenetic analysis
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Figure 1  Idiogram showing distribution of breakpoints for structural alterations in the series. e denotes a tumour with a breakpoint in this region, ¢ denotes
five tumours with breakpoints m denotes a tumour with a possible breakpoint in this region.

11 occurred more frequently in choroidal tumours, again this faile¢hanges (Figure 4A). Tumours greater than 15 mm in diameter
to achieve statistical significance € 0.10). possessed approximately three times the numbers of total
From comparison of the cytogenetic changes with increasingumerical abnormalities compared with those of less than 15 mm
tumour size, it was observed that an increase in tumour sizejameter, although a corresponding increase for structural
whether in the diameter, thickness or volume, was associated witliterations was not observed (Figure 4B). When individual homo-
an increase in the number of chromosomes partaking in numericlgues were considered, abnormalities of chromosomes 1, 3, 6, 8,

British Journal of Cancer (2000) 82(2), 330-338 © 2000 Cancer Research Campaign
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strable increase in the numerical changes, whilst structural alter-
ations show no such pattern. Greater aneuploidy may either be
representative of specific essential changes associated with tumoul
progression, or, with the exception of chromosome 3 loss, indicate
unrelated ‘background noise’ illustrative of the presumably
advanced nature of these tumours (Johansson et al, 1996).
15 1 15 Cytogenetic abnormalities can be segregated into balanced anc
unbalanced aberrations, according to their ultimate effect on the
genetic constitution (Johansson et al, 1996). Under this model
! balanced structural abnormalities, such as translocations or inver-
e . sions, result in gene rearrangements and can be considered a
. primary, whereas numerical changes, trisomies and monosomies,
produce gross genetic imbalances and would be considered
8 1 13 secondary (Johansson et al, 1996). In uveal melanoma most alter:
ations yield unbalanced rearrangements and would therefore fall
into the category of secondary, possibly unrelated changes
(Johansson et al, 1996). It is also important to consider the poten-
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E\ ] tial implications of the mechanics behind these abnormalities.
; g P-— : Numerical changes may simply arise as the by-product of poorly
g ."‘ ‘ £y regulated cell division, comparable to the increased genetic insta-
bility associated wittp53 or BUB1 mutant cells (Agapova et al,
L 1s L - 1996; Cahill et al, 1998), and therefore occur more frequently in

the larger uveal melanomas as a result of other, perhaps unde:
) ) ) , tected, genetic abnormalities. Structural alterations require DNA

Figure 2 Unbalanced translocations affecting chromosome 1, producing . . .

effectual deletions of the short arm. Abnormal chromosomes are indicated by breakage and reunion, and in uveal melanoma they occur without

arrowheads. (A) Case Som 11, der(15)t(1;15)(q11;p13), first reported in particular regard to increasing tumour size, with the possible
Sisley et al (1990); (B) Case Som 112, der(15)t(1;15)(q11;p13); (C) case ; ;

Som 113, der(1)t(1:8){q10:q10): (D) case Som 115, der(13)t(1-13)(q11p13): except_lons of rearrangements of chromosomes 9 and 10 which are
(E) case Som 120, der(13)t(1;13)(q11;p13); (F) case Som 137, found in cutaneous and some uveal melanomas (Magauran et al
der(22)t(1;22)(q11;p11) 1994; Healy et al, 1995; Ohta et al, 1996). It is possible that struc-

tural abnormalities could conceivably represent a more specific
mechanism than for most numerical changes; regardless of
9, 10, 17 and Y were found to be more common in the largewhether they transpire to be primary or secondary aberrations.
tumours (Figure 4), although involvement was not significant for In uveal melanoma certain alterations, particularly those of
any chromosomeP(= 0.31,P = 0.18,P = 0.50,P = 0.37,P = chromosomes 3 and 8, are known to be more common in tumours
0.053,P = 0.07,P = 0.15 andP = 0.51 respectively). No specific arising from select locations (Sisley et al, 1990, 1992; Prescher et
trends for chromosome abnormalities could be related to cell typal, 1992, 1996; Dahlenfors et al, 1993; Horsman and White, 1993;
(data not shown). Singh et al, 1994), and the results of this study, in combination
with previous cytogenetic analysis, would suggest that this classi-
DISCUSSION fication can be extended to incluc_ie other glterations. In ciliary
body melanomas, or those of a mixed location, structural abnor-
The association of chromosomes 3, 6 and 8 changes with posterimalities of chromosomes 1 and 8, and aneuploidy of chromosomes
uveal melanoma has been clearly documented (Prescher et aland 21, are more frequently observed (Sisley et al, 1990, 1992;
1990, 1995; Sisley et al, 1990, 1992; Dahlenfors et al, 1993)ahlenfors et al, 1993; Horsman and White, 1993; Wiltshire et al,
Horsman and White, 1993; Wiltshire et al, 1993; Singh et al1993; Singh et al, 1994; Prescher et al, 1995). In choroid
1994). Equally well recognized is the relationship between chromelanomas, or again those of a mixed location, rearrangements of
mosome 6 and cutaneous melanoma (Ray et al, 1996), and tbleromosomes 6 and 11 are more likely (Sisley et al, 1990, 1992;
observation that similar alterations of chromosome 6 occur iDahlenfors et al, 1993; Horsman and White, 1993; Singh et al,
uveal melanoma (Prescher et al, 1990, 1995; Sisley et al, 1990994; Prescher et al, 1995). An interesting paradox can be seer
Horsman and White, 1993; Wiltshire et al, 1993; Singh et alwhen observing mixed ciliary body/choroid melanomas, as they
1994). It is unclear as to which chromosome changes may tsppear to combine chromosome aberrations from both localities.
considered to be related to a general pathology of cell type, such lsthese mixed melanomas abnormalities of chromosomes 1, 3, 6,
neural crest derivation, or even melanoma associated changes, @&)d.1 and 21 are all found, although at the other extremes, change:
what changes, if any, depict differences in those melanomasf chromosomes 1, 3, 8 and 21 are infrequent amongst those
arising in sites other than the skin. Indeed recent evidence suggestelanomas entirely derived from the choroid, whilst equally rare
that amongst uveal melanomas (ciliary body, choroid and irisare rearrangements of chromosomes 6 and 11 in purely ciliary
those melanomas arising in the iris have cytogenetic abnormalitigody-derived melanomas. It is unclear why these mixed
different to those of the posterior uvea (White et al, 1995; Sisley ehelanomas possess abnormalities of both locations, but it is
al, 1998), and as iris melanomas are by comparison relativelyossible that environmental factors may play a role. This associa-
benign (Sunba et al, 1980), it is possible that these differences mégn with tumour location may explain why chromosome alter-
account for variations in aggressive behaviour. ations are predictive of survival. Ciliary body melanomas have a
It is of interest that as the tumour enlarges there is a demonvorse prognosis (McLean et al, 1977), and recent evidence

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(2), 330-338
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Figure 3  The percentage of tumours with numerical (A) and structural (B) alterations of individual chromosomes related to tumour location. C = choroid
melanomas, CB = ciliary body melanomas, CB/C = mixed site melanomas. (A) The loss of a chromosome is shown below the line, and the gain of a
chromosome above

suggests that abnormalities of chromosomes 3 and 8 identify @mpounded by the observation that the relatively benign iris

poor outcome, whilst those of chromosome 6, more common imelanomas have different changes (White et al, 1995; Sisley et al,
choroid melanomas, are a good prognostic indicator (Prescher £998).

al, 1996; Sisley et al, 1997; White et al, 1998). At least in terms of Through comparison of tumour enlargement with chromosome

their cytogenetic alterations it would appear that these twahanges, it is apparent that certain aberrations become more
melanomas have different genetic backgrounds, leading tfrequent as the tumour progresses, including those of chromo-
speculation that in some way the locality itself dictates the genetisomes 1, 3, 6, 8, 11 and Y, already identified as non-randomly
changes required for the tumour to progress, a suggestion perhapsgolved. In addition trisomy of chromosome 21 and structural
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Figure 4 The involvement of chromosomes in relation to increasing tumour size. (A) The percentage of tumours with numerical changes in tumours of above
(> 15 mm) and below (< 15 mm) 15 mm diameter; (B) the percentage of tumours with structural alterations when compared to tumour diameter

alterations of chromosomes 9, 10 and 17 also occur (Figure 4nelanomas could be proposed as, monosomy chromosome :
Deletions of chromosomes 9, 10 and 17 are found in cutaneoyBrescher et al, 1994), followed by additional 8q (often as an
melanomas (Healy et al, 1995), and uveal melanomas have alsmchromosome), which is subject to amplification (Sisley et al,

been shown to have loss of regions on chromosome 9 (Magaurd®97), possibly accompanied at some later point by deletions of
et al, 1994; Ohta et al, 1996). As changes of chromosomes 1, 3cBromosome 1p and/or trisomy 21. In choroid melanomas the
and 21 are more common to melanomas with a ciliary bodgituation is less apparent, although the common involvement of
component (Figure 3), and because of their progressive acquisihromosomes 6 and 11 alterations would suggest they may play ¢
tion, the sequence of cytogenetic alterations for ciliary bodyole. Since chromosome 6 rearrangements were detected in more

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(2), 330-338
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Table 2 Cytogenetic analysis of the tumours from patients with primary posterior uveal melanoma

Case Karyotype
no
Som 10 7 Cells 46, XY
4 Cells 46,XY,der(11)t(6;11)(p21;p15)
Som 11 6 Cells 44,XX,—1,-3,+i(8)(q10),—14,der(15)t(1;15)(q11;p13)
4 Cells 44,XX,—1,-3,+i(8)(q10),—14,der(15)t(1;15)(q11;p13),del(20),(q11)
2 Cells 45,XX,—1,-3,+i(8)(q10),—14,der(15)t(1;15)(q11;p13), del(20)(q11),+mar
Som 14 4 Cells 46,X,-Y,der(15)t(6;15)(p12;922),+mar,inc
Som 17 11 Cells 46,XY
Som 22 8 Cells 46,X,-Y,del(1)(p12p32),+7,add(22)(p13),add(22)(p13)
5 Cells 46,X,~Y,del(1)(p12p32),add(6)(q22),+7,add(22)(P13),add(22)(P13)
Som 27 4 Cells 47,XX,-3,+add(8)(p11),del(11)(g23),+mar,inc
Som 30 8 Cells 44,XY,-3,-6,i(8)(q10),+i(8)(g10),der(9)t(6;9)(p12;921),-17
5 Cells 43,XY,—3,-6,i(8)(q10),+i(8)(q10),der(9)t(6;9)(p12;921),-16,-17
Som 35 4 Cells 46,X,-Y,-3,i(6)(p10),+7,i(8)(g10),+i(8)(q10),-16,+21
3 Cells 47,X,-Y,-3,i(6)(p10),+7,i(8)(q10),+i(8)(q10),+21,del(22)(q11)
5 Cells 46,X,~Y,-3,i(6p),+7,i(8)(q10),der(8;12)(q10;q10),+21
Som 37 14 Cells 46,XX,
2 Cells 46,XX,-3,i(6)(p10),i(8)(q10),+i(8)(q10)
Som 40 4 Cells 47,X,—X,add(8)p12),+2mar,inc
Som 42 5 Cells 46,XY,del(6)(q14915),add(17)(p12g24),+mar,inc
Som 44 3 Cells 45,XX,—3,del(6)(q?249?25),+i(8)(q10),-17,inc
Som 47 27 Cells 46,XY,der(6)t(6;6)(q27;p12),del(11)(q23),add(12)(q24),add(14)(q32),
add(18)(g23),add(19)(q13),add(22))(q13)
Som 52 11 Cells 46,XX,t(1;10)(p13;q24),-3,i(8)(q10),+i(8)(q10),del(11)(q23)
9 Cells 46,XX,1(1;10)(p13;924),-3,+i(8)(q10),del(11)(q23)
6 Cells 45,XX,t(1;10)(p13;924),-3,+i(8)(q10),del(11)(q23)
Som 53 17 Cells 44,XY,-3,add(6)(q13-14),-9,der(17)t(9;17)(q10;910)
5 Cells 43,XY,-3,add(6)(q13-14),—9,-13,der(17)t(9;17)(q10;q10)
4 Cells 44,XY,-3,add(6)(q13-14),—9,-13,der(17)t(9;17)(q10;910)+mar
Som 57 14 Cells 46,XX
3 Cells 45,XX,-3,i(8)(q10)
Som 59 10 Cells 49,XY,+8,der(13)t(6;13)(p12;934),+der(13)t(6;13)(p12;q34),+21
8 Cells 45,X,-Y
4 Cells 46,XY,der(13)t(6;13)(p12;q34)
3 Cells 46,XY
2 Cells 47,X,-Y,+6,+22
Som 60 13 Cells 46,XY
6 Cells 45,X,-Y
Som 61 9 Cells 46,XY
Som 62 10 Cells 45,X,-Y,-3,+8
4 Cells 45,X,-Y,-3,+8,del(11)(q13913)
4 Cells 45,X,-Y,-3,+i(8)(q10),del(11)(q13q13)
Som 63 14 Cells 46,XY
5 Cells 46,XY,del(6)(q21g21)
4 Cells 46,XY,del(6)(921921),del(7)(q11g11)
3 Cells 47,XY,+5,del(6)(q21921),del(7)(q11q11)
3 Cells 45,X,-Y
2 Cells 48,XY,+4,+5,del(6)(q21g21),del(7)(q11g11)
2 Cells 46,XY,-6,del(6)(q21g21),+10
Som 95 6 Cells 44,X,~Y,der(1)t(1,8)(q10;q10),-3
Som 96 6 Cells 46,XX
3 cells 72<3n> XXX,~1,+2,-3,+6,+7,+8,+11,+12,-15,+16,-18,~19,+20
Som 98 5 cells 45,X,-Y,del(11)(g23),inc
Som 99 2 cells 46,XX
Som 100 2 cells 46,XX
Som 112 7 cells 46,X,—Y-1,-3,+i(8)(q10),der(15)t(1;15)(q11;p13),+20,+21
4 cells 47,X,-Y,i(1)(q10),-3,+8,+21,+22
3 cells 48,X,-Y,—3,+8,+20,+21,+mar
3 cells 45,X,-Y,—1,-3,+i(8)(q10),der(15)t(1;15)(q11;p13),+21
2 cells 48,X,-Y,—3,+i(8)(q10),der(15)t(1;15)(q11;p13),+20,+21,+mar
Som 113 10 cells 44,X,-Y,der(1)t(1;8)(q10;q10),-3
2 cells 45,X,-Y,der(1)t(1;8)(q10;910),—-3,+21
3 cells 44,X,-Y,der(1)t(1;8)(q10;910),-3,del(11)(q?)
Som 115 5 cells 46,XY,-1,-3,del(6)(q?169?22),+i(8)(q10),+i(8)(q10),
der(13)t(1;13)(q11;p13),add(20)(p12)
Som 118 30 cells 46-54,X,-Y,+2[2],der(3)t(1;3)(q23;p24-25)[7],+4[4],—6[30],+7[3],

+8[3],add(9)(q34)[11],add(9)(p12)[5],—10[10],add(10)(p12)[12],
del(11)(g23)[3],+12[3],add(12)(p?)[2],+15[4],add(16)(q24)[8],
+18[17],del(18)(p?)[5],add(19)(q13)[30],+21[3], +22[3],
+1-5mar[cp30]
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Table 2 Continued

Case Karyotype

no

Som 119 5 cells 45,X,-Y

Som 120 3 cells 44,X,-Y,~1,-3,+i(8)(q10),der(13)t(1;13)(q11;p13)

4 cells 46,X,~Y,—1,-3,+i(8)(q10)x3,der(13)t(1;13)(q11;p13)
3 cells 94<4n>XX,-Y,-Y,—1,-1,-3,-3,+i(8)(q10)x6,der(13)t(1;13)(q11;p13)x2,
+21,+21
Som 122 16 cells 44-45,X,-Y,[16],—3[16],i(8)(910)[2],i(8)(q10),+i(8)(q10)[3].i(8)(q10),
+i(8)(q10)x2[5],+i(8)(q10)*2[3],+(8)(q10)x3[3],~13[€],
add(13)(p11)[7],-16[12][cp16]

Som 124 10 cells 46,XY,del(1)(p?),add(6)(q21-25),add(9)(q34),
der(10)(t(8;10)(q11;p13),der(18)t(6;18)(p21;q23)

Som 125 6 cells 48,X,—X,del(1)(p36),+del(1)(p36),-3,i(8)(q10),+i(8)(q10)x2,
+der(8)t(8;8)(p23;923)

4 cells 48,X,-X,del(1)(p36),+del(1)(p36),~3,i(8)(q10),+i(8)(q10)x2,
+der(8)t(8;8)(p23;023),i(17)(q10)

Som 126 10 cells 46,XY
Som 128 20 cells 46,XX,der(6)t(6;8)(q16;q13),der(11)t(6;11)(p21;923),
add(11)(p15),der(20)t(6;20)(p11;p11)
Som 134 8 cells 45,X,-Y
2 cells 46,XY
Som 135 7 Cells 73-75<3n>,X,-X[7],-X[7],del(2)(q?)[3],—-3[7],+4[7],+5[7],+6[2],+7[4],

i(8)(q10)[7],+i(8)(q10)[7],+13[2],+14[2],-15[2],~16[5],
+19[2],-20[3],+20[2],+21[5],+22[4][cp7]
Som 136 9 Cells 46,XY
5 Cells 46,XY,del(2)(q22),add(5)(p?),del(6)(q?),add(16)(q?),add(17)(q9?),
add(19)(p?)
2 Cells 46,XY,del(2)(q22),add(5)(p?).del(6)(q?),add(16)(q?),add(17)(q?),
add(19)(p?),del(21)(9?)
Som 137 2 Cells 44,X,-X,-1,-3,i(8)(q10),der(8)t(8;8)(p22;921),del17(q21922),
der(19)t(9;19)(q13;p13),der(22)t(1;22)(q11;p11),+1mar
11 Cells 45,X,-X,—1,-3,i(8)(q10),der(8)t(8;8)(p22;q21),del17(q21922),
der(19)t(9;19)(q13;p13),+21,der(22)t(1;22)(q11;p11),+1mar
2 Cells 44,X,-X,—1-3,i(8)(q10),der(8)t(8;8)(p22;921),—10,del17(q21¢22),
der(19)t(9;19)(q13;p13),+21,der(22)t(1;22)(q11;p11),+1mar
Som 140 4 Cells 44-46,X,-X[14],add(1)(p31)[5],—3[14],+8[14],add(16)(q21)[7],
+marl[5],+mar2[4][cp14]

melanomas, it may be reasonable to expect that such changegions containing highly repetitive DNA sequences are strategi-
occur prior to those of chromosome 11, of which breakpoints at, azally implicated. An analogous situation is perhaps found in breast
around, 1123 appear to be particularly implicated. cancer, where a reproducible translocation affecting chromosomes
In uveal melanoma there is a remarkable consistency fot and 16 has been observed (Kokalj-Vokac et al, 1993). The break-
reported structural aberrations (Prescher et al, 1990, 1995; Sislpgints were found to span the heterochromatic regions, with the
et al, 1990, 1992; Dahlenfors et al, 1993; Horsman and Whitesignificant event considered to be the ensuing imbalance (Kokalj-
1993; Wiltshire et al, 1993; Singh et al, 1994), which in somévokac et al, 1993). In posterior uveal melanoma in addition to the
instances includes both the selection of translocation partners anét imbalance, the preferential affiliation for repetitive sequences,
the location of breakpoints (Figures 1 and 2). In this study thevithout a prerequisite for pairing with the same homologue, may
frequent structural rearrangements of chromosome 1 are particauggest other motives, perhaps related to deficiencies in DNA
larly interesting in this respect. These exchanges appear to be naepair (Surralles et al, 1997). Whether this selection is essential or
random yielding consistent genetic imbalances (deletions of 1pgoincidental awaits disclosure.
perhaps important to the development, in particular the progres- Cytogenetic analysis of posterior uveal melanoma appears to
sion, of mainly ciliary body melanomas. Similar changes are also provide valuable insights into the necessary genetic alterations
common event in cutaneous melanomas, possibly associated witklated to its development and progression. This study would
tumour progression, and several genes have been implicatedggest that in addition to changes of chromosome 3 and 8, alter-
(Dracopoli et al, 1989). In posterior uveal melanoma there appeasgions of chromosomes 1 and 21 correlate with ciliary body
to be a surprising affinity for certain translocation partners of chromelanomas, whereas in choroid melanomas abnormalities of chro-
mosome 1 (Figure 2) particularly amongst the D Group, withmosomes 6 and 11 are more frequent. It is also of interest that
reported cases detailing repeated involvement of chromosomes Sructural rearrangements of chromosome 1 appear to associate
13, and 15 in comparable translocations with the same, or similawith tumour progression and in particular the consistency of
breakpoints implicated (Prescher et al, 1990; Sisley et al, 199@reakpoints involved in these alterations may help to identify the
1992; Horsman and White, 1993; Tappin et al, 1996). Thisunderlying genes responsible for such behaviour.
reproducibility suggests an underlying mechanism in which

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(2), 330-338



338 K Sisley et al

ACKNOWLEDGEMENTS

Prescher G, Bornfeld N, Horsthemke B and Becher R (1992) Chromosomal
aberrations defining uveal melanoma of poor prognbsiscet339 691-692

This work has been supported by grants from the Yorkshire Cancgrescher G, Bornfeld N and Becher R (1994). Two subclones in a case of uveal

Research Campaign (grant number S 253), the Medical Research

melanoma. Relevance of monosomy 3 and multiplication of chromosome 8q.
Cancer Genet Cytogenet: 144—-2146

Council (grant number G9106078CA), and the Macmillan Fundpescher G, Borfeld N, Friedrichs W, Seeber S and Becher R (1995) Cytogenetics

We would like to thank Janet White, Robin Farr and Rhona

Jacques for their assistance in the preparation of this work.

REFERENCES

Agapova LS, llyinskaya GV, Turovets NA, lvanov AV, Chumakov PM and Kopnin
BP (1996) Chromosome changes caused by alterations of p53 expression.
Mutagenesig854 129-138

Cahill DP, Lengauer C, Yu J, Riggins GJ, Willson JKV, Markowitz SD, Kinzler KW
and Vogelstein B (1998) Mutations of mitotic checkpoint genes in human
cancersNature392 300-303

Canning CR and Hungerford J (1988) Familial uveal melan8ma.Ophthalmol
72 241-243

Dahlenfors R, Tornqvist G, Wettrell K and Mark J (1993) Cytogenetical observations

in nine ocular malignant melanomasticancer Re43: 1415-1420
Dracopoli NC, Harnett P, Bale SJ, Stanger BZ, Tucker MA, Houseman DE and

Kefford RF (1989) Loss of alleles from the distal short arm of chromosome 1

occurs late in melanoma tumour progressikmoc Natl Acad Sci US86:
4614-4618
Egan KM, Seddon JM, Glynn RJ, Gragoudas ES and Albert DM (1988)
Epidemiologic aspects of uveal melanoi@arv OphthalmoB2: 239-257
Gordon KB, Thompson CT, Char DH, O'Brien JM, Kroll S, Ghazvini S and Gray
JW (1994) Comparative genomic hybridization in the detection of DNA copy
number abnormalities in uveal melano@ancer Re$4: 4764-4768

Healy E, Rehman I, Angus B and Rees JL (1995) Loss of heterozygosity in sporadic

primary cutaneous melanon@enes Chromosom Canck?: 152-156
Horsman DE and White VA (1993) Cytogenetic analysis of uveal melanoma.
Consistent occurrence of monosomy 3 and trisomy;8qcer71: 811-819
ISCN (International Standing Committee on Human Cytogenetic Nomenclature)
(1991)Guidelines for cancer cytogenetics, supplement to an international
system for human cytogenetic nomenclatbr#itelman, (ed). S Karger: Basel

Johansson B, Mertens F and Mitelman F (1996) Primary vs. secondary neoplasia
associated chromosomal abnormalities — balanced rearrangements vs. genomic

imbalances%enes Chromosomes Candér 155-163
Kokalj-Vokac N, Alemeida A, Gerbault-Seureau M, Malfoy B and Dutrillaux B

of twelve cases of uveal melanoma and patterns of nonrandom anomalies and

isochromosome formatio@ancer Genet Cytogengd: 40-46

Prescher G, Bornfeld N, Hirche H, Horsthemke B, Jockel KH and Becher R (1996)
Prognostic implications of monosomy 3 in uveal melandraacet347.
1222-1225

Ray ME, Su YA, Meltzer PS and Trent JM (1996) Isolation and characterization of
genes associated with chromosome 6 mediated tumor suppression in human
malignant melanomancogend 2: 2527-2533

Rennie IG (1991) Diagnosis and treatment of ocular meland@ndsHosp Med!6:
144-156

Scotto J, Fraumeni JF and Lee JAH (1976) Melanomas of the eye and other non-
cutaneous sites: epidemiologic aspettsatl Cancer Insb6: 489-491

Singh AD, Boghosian-Sell L, Kishore KW, Wary KK, Shields CL, De Potter P,

Donoso LA, Shields JA and Cannizzaro LA (1994) Cytogenetic findings in

primary uveal melanom&ancer Genet Cytogené2: 109-115

Singh AD, Shields CL, De Potter P, Shields JA, Trock B, Cater J and Pastore D
(1996) Familial uveal melanoma clinical observations of 56 patidnth.
Ophthalmoll14: 392-399

Sisley K, Rennie IG, Cottam DW, Potter AM, Potter CW and Rees RC (1990)
Cytogenetic findings in six posterior uveal melanomas: involvement of
chromosomes 3, 6 and@enes Chromosomes Can@e205-209

Sisley K, Cottam DW, Rennie IG, Parsons MA, Potter AM, Potter CW and Rees RC
(1992) Non-random abnormalities of chromosomes 3, 6, and 8 associated with
posterior uveal melanom&enes Chromosomes Canéetl97-200

Sisley K, Rennie IG, Parsons MA, Jacques R, Hammond DW, Bell SM, Potter AM

and Rees RC (1997) Abnormalities of chromosomes 3 and 8 in posterior uveal

melanoma correlate with prognosiéenes Chromosomes Candér 22—-28

Sisley K, Brand C, Parsons MA, Maltby E, Rees RC and Rennie I1G (1998)
Cytogenetics of iris melanomas: disparity with other uveal melandaaser
Genet CytogendtOl 128-133

Speicher MR, Prescher G, du Manoir S, Jauch A, Horsthemke B, Bornfeld N,

Becher R and Cremer T (1994) Chromosomal gains and losses in uveal

melanoma detected by comparative genomic hybridizaflancer Re$4:

3817-3823

Spencer (19868pphthalmic Pathology. An Atlas and Textbook V&WB Saunders:

Philadelphia

(1993) Two color FISH characterization of i(1q) and der(1;16) in human breastSunba MSN, Rahi AHS and Morgan G (1980) Tumours of the anterior uvea I.

cancer cellsGenes Chromosomes Cande8-14

McLean MIW, Foster WD and Zimmerman LE (1977) Prognostic factors in small
malignant melanomas of choroid and ciliary boidlgh OphthalmoBb5: 48-58

Magauran RG, Gray B and Small KW (1994) Chromosome 9 abnormality in
choroidal melanomam J Ophthalmol17: 109-111

Mitelman F (1994) Database of cancer cytogenetics: an overvie@atatog of
Chromosome Aberrations in Canc#fitelman F (ed), pp. ix—xviii. Wiley Liss:
New York

Ohta M, Berd D, Shimizu M, Nagai H, Cotticelli MG, Mastrangelo M, Shields JA,
Shields CL, Croce CM and Huebner K (1996) Deletion mapping of
chromosome region 9p21-p22 surrounding the CDKN2 locus in melaimma.
J Cancer65; 762-767

Prescher G, Bornfeld N and Becher R (1990) Non-random chromosomal
abnormalities in primary uveal melanondaNatl Cancer Ins82: 1765-1769

British Journal of Cancer (2000) 82(2), 330-338

Metastasizing malignant melanoma of the iisch OphthalmoB8: 82-85

Surralles J, Darroudi F and Natarajan T (1997) Low level of DNA repair in human
chromosome 1 heterochromatenes Chromosomes Can@ér 173-184

Tappin MJ, Parsons MA, Sisley K, Rees RC and Rennie IG (1996) Two cases of
double melanoma of the uvedzaye10: 600-602

White VA, Horsman DE and Rootman J (1995) Cytogenetic characterization of an
iris melanomaCancer Genet Cytogeng&g: 85-87

White VA, Chambers JD, Courtright PD, Chang WY and Horsman DE (1998)
Correlation of cytogenetic abnormalities with the outcome of patients with
uveal melanomeCancer83: 354—359

Wiltshire RN, Elner VM, Dennis T, Vine AK and Trent JM (1993) Cytogenetic
analysis of posterior uveal melanor@ancer Genet Cytogené6: 47-53

Wooster R, Bignell G, Lancaster J, Swift S and Seal S (1995) Identification of the
breast cancer susceptibility gene BRCAN2ature378 789—-792

© 2000 Cancer Research Campaign



	Summary
	Keywords
	Materials and Methods
	Clinical details
	Table-1

	Cytogenetic analysis
	Statistical analysis

	Results
	Figure-1
	Figure-2

	Discussion
	Figure-3
	Figure-4
	Table-2
	Table-2 (cont.)

	Ackowledgements
	References

