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ABSTRACT located on the short and long arms of chromosome 3 (5, 9).
Inactivation of the respective second alleles may be caused by
local mutations such as point mutations, gene deletions, or epige-
~50% of uveal melanomas, is significantly correlated with metastatic netic silencing. So far, no alterat!ons on the remaining homolo.gue
disease. To obtain positional information on putative tumor suppressor have been detgcted l?y karyotyping or CGH. HoyveV(-.)r,.aIteratlons
genes on this chromosome, we have investigated tumors from 333at these putative loci may be below the detection limit of these
patients by comparative genomic hybridization, microsatellite analysis, Methods. Several TSGs have been identified on the short arm of
or conventional karyotype analysis. A partial deletion of the long arm chromosome 3, but there is no evidence that any of these genes is
was found in eight tumors, and the smallest region of deletion overlap involved in tumorigenesis of uveal melanoma. In one study, ho-
(SRO) spans 3g24—-g26. We found six tumors with a partial deletion of mozygous loss of the thyroid hormone receppgene (THRB),
the short arm and were able to define a second SRO of about 2.5 Mb \hich is located in 3p24, was detected in 3 of 19 uveal melanomas
in 3p25. This SRO does not overlap with theVHL gene. Our finding  ysing Southern blot hybridization (10). However, in another study,
suggests a role for two tumor suppressor genes in metastasizing uvealthe finding could not be confirmed in 13 uveal melanomas inform-
melanoma and may explain the loss of an entire chromosome 3 in these ative at theTHRB locus (9). In another 46 tumors, comparative
tumors. PCR including a marker located in tRgHRB region, also did not
show any homozygous deletiGriThere are only very few findings
INTRODUCTION that might help to narrow down the location of putative TSGs on
chromosome 3. In two uveal melanomas, a translocation with

%rreakpoint at 3923 and 3pl3 was reported as the only clonal

with an '.”C'der.‘ce .Of six per one million Cauca5|an§ per year. Cy.tgberration (11, 12). However, no other translocations or deletions
genetic investigations have revealed recurrent primary aberrations

; . . ) inVolving these regions have been reported so far. Other partial
including the loss of an entire chromosome 3-#50% of tumors g g P P

. . - eletions of chromosome 3 have been reported in only two uveal
(1-3). Loss of chromosome 3 is frequently accompanied by gain of {Elanomas and in both large segments of the long arm were lost
material, whereas most tumors with disomy 3 show 6p alterations ( '

- LT . :(9). To obtain positional information on putative TSGs in uveal
Intriguingly, monosomy 3 is significantly correlated with metastatlmelanoma we have searched for partial deletions in the tumors
disease (5-7). Long-term studies have shown that 4 years after diﬁ - '

. ) . . . } gm 333 patients. The tumors were examined by conventional
n05|s~.70/o of patients showing monosomy 3 in the primary Fumq{ yotype analysis, CGH, or MSA. Here we describe 13 tumors
have died of metastases (5). On the other hand, tumors with dlsorr\X“ a partial deletion of chromosome 3. With this new informa-
rarely give rise to metastatic disease. Therefore, monosomy 3 i?ioan

specific and sensitive prognostic indicator of poor survival in uveal it was possible to define two distinct SRO. One is on the long
P - prog P arm of chromosome 3, spanning 3q24—-q26; the other is located on
melanoma patients.

. - the short arm at 3p25. Genotyping of microsatellite markers shows
In many tumors, recurrent loss of genetic material is part of

. o . fAat the latter is close to theéHL gene but does not overlap with
two-step inactivation of TSG%.The location of several of these g P

genes was narrowed down by detailed mapping of regions showitr%S locus.

LOH in tumor DNA (8). In individual tumors, LOH most often

affects only one arm of a chromosome or segments thereof. LosSMATERIALS AND METHODS

an entire chromosome 3, although typical for uveal melanomas, is ) ) ) )

rarely detected in other tumor entities. To reconcile this findin E;“Tmsl' D}aglnos(ljshqftmllea_l ”}el"’,‘tno,mav"fialsteStab"ShedlfOHOW'”g Et"_re”;

with a two-step mutation model, it was hypothesized that mon phihaimological and hisfological criteria. Vital lumor samples were obtaine
3 | | ¢ ts t distinct TS rom patients treated by primary enucleation without prior radiation or chem-

somy 5 In uveal melanoma targets two or more distinc ?herapy. Peripheral blood and tumor material were obtained at the time of

operation and stored at20 and—80°C, respectively.
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Uveal melanoma is the most common form of primary eye cancer.
Monosomy 3, which is an unusual finding in tumors but is present in
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Table 1 Uveal melanomas as primarily analyzed by CGH, MSA, and karyotype was at first detected by MSA using eight polymorphic chromosome 3

analysis markers, a test that was established to replace CGH for diagnosis of
Chromosome 3 status monosomy (“Materials and Methods”). To distinguish between a

Total no. Partial deletion and isodisomy, both of the tumors were also analyzed by
Laboratory Method ~ of tumors  Disomy  Monosomy monosomy  CGH. The average ratio profile of tumor M16397, which showed
Essen Karyotyping 27 15 12 0 LOH of D3S3050ocated at 3p25, did not cross the lower threshold
f\?/g: 152 gs ;2 gég%’)) line set for losses of material at any point along chromosome 3.

Vancouver  Karyotyping 85 39 a1 506%) However, because the ratio profile comes very close to the threshold
Total 333 155 165 13 (4%) at the telomere (Fig. 2), the extent of material lost in this region may

Table 2 Clinical data of uveal melanomas

with partial monosomy 3

be below the detection limit of CGH. Tumor M13789 showed two
discontinuous interstitial deletions on the short and long arms of
chromosome 3 involving 3p14-25 and 3q11-26, respectively (Fig. 2).

Eight tumors showed loss of genetic material on the long arm of

Follow-up Tumor Ciliary body
Tumor yn Metastases thickness involvement  Cell type chromosome 3. Comparing the affected segments, we were able to
M6167 4 No Unknown Yes Epithelioid
VGH1 35 Yes 17 mm Yes Epithelioid
VGH2 No 12 mm No Mixed o 1m
VGH3 No 60 mm Yes Mixed N t 8\@) § I .o § ©a
VGH4 7 No 33 mm No Mixed e;gg‘fg_gggggg 0o
M16800 1 No 13 mm Yes Spindle 29099¢%cs¢s5Q93I95 =S ==
M6159 5 No Unknown Yes Unknown 2% mimim D3S2387 W[
M13789 No 15 mm No Spindle 25 D3sz426 DO
VGH5 No 20 mm Yes Mixed 24 D3s3525 ni 0
M4352 4 Yes Unknown Yes Mixed 2 D383050 ni O
M2358 6 No 7 mm No Spindle 2 r D3s1515 ni O
G1350 7 No 12 mm No Spindle v D3s3706 M1
M16397 2 No 16 mm Unknown Spindle 213 ’ D3S2444 EM O
g:f :’ D3s2450 Mni o
14 ¥ D3S3728 nini |
w1 A D3s4s45 Oni | O
products were analyzed using Abi 310 and 3100 automated capillary genstic| D381537 ni [ %
analyzers and GeneScan and Genotyper software (Applied Biosystems, Fogt D3s3eo1t LI M
; D351597 [ ni
City, CA). i d = : D3S3601 D:
. . . — \ - e
Primers for analysis of all other markers as listed in Fig. 1 were custoﬁfn e
synthesized without fluorescent label according to sequences available fran D3S1263 ni B
the University of Texas Health Science Center at San Antonio® Bxapli- :ii D3s1567 O ni
fication was carried out by adding 4 pmol of each primer to gul@eaction : D3si4s1 WM
mixture, containing 1>xGeneAmp PCR buffer (Applied Biosystems), 50 ng of§;
template DNA, 0.2 mM each dNTP, and 1 unit of AmpliTagq DNA polymerases D3s3045 LM
(Applied Biosystems). To enable automatic analysis, 12.5 pmol of dUTg‘ T D3st744 Oni | &
fluorescently labeled with dye R110 (Applied Biosystems) were added to eagh \ D351746 ni nd | =
reaction. Amplification was performed in a Gene Amp PCR system 970 \D3324O4 DOnd | o
. . " o (262 D3s1763 O nd | O
thermocycler (Applied Biosystems). PCR conditions were as follows: 94°C fais D352425 M nd
2 min initial denaturation, 35 cycles of 94°C for 15 s, 55°C for 30 s, and 72°g \ D3$2421 MM
for 30 s, with a final extension for 7 min at 72°C. To test for PCR efficiency,, l 03s1311 WM

5 wul of the products were loaded on 2% agarose gels. Usually, the PCR

products were diluted 1:8 in water andullwas added to 12.4l of deionized X - X

f id d | of TAMRA fi v labeled G S 500 si assessed by CGH and karyotype analysis. Tumors are the same as listed in Vahit¢ 2.
ormamide an_ Lu ‘0 uorescently labele ene_ can- SIZ€&umors analyzed in VancouveRight, microsatellite analysis of tumors M13789 and
standard (Applied Biosystems). Analyses were performed using the automaig@397 defining the 3p SROVertical bars, SROs. Approximate location of microsat-

analysis systems as described above. ellite markers is indicatedni, not informative;nd, not done.m/filled chromosome,
retention of both alleles/no copy number chartgrhed region, gain of materidli/open

Fig. 1. Left, losses and gains of chromosome 3 in tumors with partial monosomy as

RESULTS

chromosome, loss of material/heterozygosifyfdead of disease.
The data presented here are based on the analysis of all of the 333
uveal melanomas that have been successfully examined at the Van-
couver General Hospital or at the Universitatsklinikum Essen since
1989 and 1987, respectively. Tumors were analyzed by karyotype
analysis, CGH, or genotyping of polymorphic microsatellites on chro-
mosome 3. Loss of an entire chromosome 3 was identified in 165
(49%) of 333 tumors (Table 1). Alterations involving parts of chro-
mosome 3 were detected in 13 tumors (Table 2; Fig. 1). The results
obtained in two tumors (VGH1 and VGH4), both with a large dele-
tions involving 3q, were included in a previous report (9). In two
tumors (VGH3 and M16800), partial loss of chromosome 3 was the
only detectable aberration. Conventional karyotyping or CGH de-

tected a partial deletion of chromosome 3 in 11 tumors (Fig. 1). In two

other tumors (M16397 and M13789), an alteration of chromosome 3Fig. 2. Results of CGH analysis of chromosome 3 (tun\¢t8789andM16397).Next

to each ideogram, average ratio profiles along the chromos8tippled vertical lines left

and right of the solid line in the middle, upper and lower thresholds of the normal range
as described previously (14).
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% Human Genome Project: http://apollo.uthscsa.edu.
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define a SRO at 3g24-q26 (Fig. 1). The centromeric boundary of tlibout 30 expressed sequences are localized betv8&2450and
SRO is defined by LOH ab3S196and retention of heterozygosity of D3S3691, which bind the SRO on 3p reported here. Of the few
the dinucleotide marker at tiRHOlocus in tumor VGH1 (9). Tumor sequences that represent genes with known function, none is a likely
M13789 localizes the telomeric border of the SRO betwe8681763 candidate for a putative TSG in uveal melanoma.
and D3S2425, which show LOH and retention of heterozygosity, Long-term follow-up data (>3 years) were available for seven of
respectively. the patients whose tumor had a partial deletion. Two of them died of
Six tumors had lost genetic material on the short arm of chrommetastasizing disease. The tumor of one of these patients has a
some 3, and the affected segments indicate a second SRO at 3&Btion on the short arm, whereas in the other, a segment of the long
(Fig. 1). To delimit the commonly deleted region on 3p, we analyzeaim is lost. Thus, the presence of a single SRO related to metastatic
17 polymorphic markers available from this region. Tumor M1639disease is most unlikely.
showed LOH at all of the informative markers frddb3S1537at 3p25 In most human tumors, the chromosomal mutations that may con-
to D3S2387in the telomeric region. In tumor M13789, LOH wastribute to biallelic inactivation of a TSG are accompanied by allele
found in a region spanninB3S1567to D3S4545(Fig. 1). The SRO loss of only subchromosomal regions. Loss of an entire chromosome
on 3p was flanked by markei33S2450and D3S3691. is very uncommon (21). To account for monosomy 3 in uveal mela-
We were interested to know whether thélL gene, a well-estab- noma, it was hypothesized that, in this tumor, two TSGs, one each on
lished TSG located in 3p25-26, is contained in the uveal melanoithe long and the short arms of chromosome 3 are inactivated (5, 19).
SRO on 3p. Integrated physical and genetic map information (Ref. 16partial deletions in uveal melanoma target the same genes that are
NCBI?), indicates thaD3S3691and D3S2450are located at a dis- subject to biallelic inactivation in monosomic tumors, the two SROs
tance of 11.491-10.601 and 8.092 Mb from the telomere, respectivatientified here represent the first molecular evidence for this hypoth-
According to this data, the SRO on 3p has an extent®f5 Mb and esis. In view of the tight association between the metastasizing po-
does not overlap with th&#HL gene, which is located at a distance otential and monosomy 3 in uveal melanomas, identification of the
13.252-13.320 Mb from the telomere. Follow-up data for more thayenes that are the possible targets of inactivation will bring insights
3 years were available for 7 of 13 patients with partial monosomyiBto the mechanisms underlying fatal outcome of patients with uveal
(Table 2). Two patients died of metastatic disease: one whose tummlanoma.
(VGH1) showed a deletion of a segment of the long arm (3q24-29)
and another whose tumor (M4342) had lost a substantial part of t
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