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Detection of Three Novel Translocations and
Specific Common Chromosomal Break Sites in
Malignant Melanoma by Spectral Karyotyping
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Chromosomal aberrations in malignant melanoma cells have been reported using standard chromosome banding analysis and
comparative genomic hybridization. To identify marker chromosomes and translocations that are difficult to characterize by
standard banding analysis, |5 early passage malignant melanoma cell lines were examined using spectral karyotyping. All 15
tumor cell lines had lost all or part of |p and 10q. Losses of material on chromosome arms 4p (12/15), 6q (12/15), 9p (15/15),
12p (13/15), 12q (13/15), 13q (11/15), and 19q (14/15) were the next most frequent events. Gain of chromosome arms Iq
(1'1/15), 6p (13/15), and 20q1 | (14/15) was also observed. Interestingly, we identified translocations der(12)t(12;20)(ql5;ql 1),
der(19)t(10;19)(q23;q13), and der(12)t(12;19)(ql3;q13) in 4/15 tumors. Three recurring translocations involving four of the
most frequent break points were detected. The identification of recurring translocations and unique chromosome break
points in melanoma will aid in the identification of the genes that are important in the neoplastic process.
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INTRODUCTION

The incidence of melanoma is increasing 5-7%
per year and is notorious for metastasis early in the
disease (Brozena et al., 1993). Melanoma occurs in
young people and does not respond to current
therapeutic intervention (Herlyn, 1993). The risk
of melanoma is linked with occupational exposure
to ultraviolet radiation, arsenic, ionizing radiation,
polychlorinated biphenyls, and polycyclic aromatic
hydrocarbons (Everall and Dowd, 1978; Rushton
and Alderson, 1981; Loomis et al., 1997). The re-
gional distribution of melanoma in farm workers
may be explained in part by exposure to arsenic
(Philipp et al., 1983).

Although the number of melanoma cases is in-
creasing in the population, the genetics of this
cancer are not well described. The identification of
recurrent break points and translocations in tumors
is the first step in the isolation of genes whose
regulation has been altered during the progression
of neoplasia. Chromosome banding, fluorescence in
situ  hybridization (FISH), and comparative
genomic hybridization (CGH) analysis have previ-
ously demonstrated numerous chromosome alter-
ations in malignant melanoma. Karyotypic analysis
of tumor metaphase preparations is hindered by a
low mitotic index and complicated translocations as
well as small rearrangements that are difficult to
identify by traditional chromosome banding. Iden-
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tification of translocations by banding analysis of
good metaphase preparations has been shown to be
less sensitive than spectral karotyping (Schrock et
al., 1996; Kakazu et al., 1999). Although compara-
tive genomic hybridization has made it possible to
characterize the loss and gain of chromosomal ma-
terial, this method cannot identify chromosomal
translocations and has limited resolution.

The accuracy of the identification of karyotypic
alterations has been greatly increased by the devel-
opment of spectral karyotyping. Spectral karyotyp-
ing (SKY) is a novel imaging method that combines
spectroscopy and imaging. This type of approach
allows analysis of the full spectrum of light at all
pixels of the image. With the spectral based ap-
proach, one can simultancously identify 100% of
the chromosomes in a metaphase cell. The loss,
gain, or translocation of any chromosome in a meta-
phase cell can be characterized in one experiment.
We have been able to confirm chromosome aber-
rations in malignant melanoma that had been iden-
tified by standard banding analysis (Thompson et
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al., 1995). In addition, we have characterized
marker chromosomes as well as three new translo-
cations that were not detected in malignant mela-
noma by other methods.

MATERIALS AND METHODS

Cell Lines

Fifteen early passage cell lines prepared from
malignant melanoma samples were obtained from
the Arizona Cancer Center Tissue Culture Core.
The cell lines were grown in Arizona M15 medium
(Arizona Cancer Center, Tucson, AZ) supple-
mented with 5% fetal bovine serum. The cultures
were grown tightly capped in a 37°C incubator.
When the cells were 70% confluent, a range of 1
mg/ml to 100 mg/ml Colcemid (Gibco BRI, Rock-
ville, MD) was added. Cell lines that were resistant
to Colcemid (Gibco BRL) were given the higher
dose. After a 10-h incubation, cells were harvested
for chromosome banding, spectral karyotyping, and
FISH analysis with 0.075 M KCI for 30-90 min and
fixed using 3/1 acetic methanol/acid fixative.

Methods for Spectral Karyotyping

The experiments were carried out using com-
mercial probes purchased from Applied Spectral
Imaging (Carlsbad, CA). Spectral karyotyping
(SKY) and inverted DAPI banding were carried out
by standard methods (Schrock et al., 1996). At least
20 metaphase cells of good banding morphology
and spectral hybridization quality were analyzed
for each tumor. Chromosome abnormalities were
included in the karyotype of a tumor if they oc-
curred in at least 40.0% of the metaphase spreads.
Translocations were confirmed with FISH using
Vysis direct-labeled chromosome painting probes
(Vysis Inc., Downers Grove, IL).

Statistics

Chromosome regions with elevated breakage
were tested for statistical significance by the chi-
square test. The P-values were corrected for mul-
tiple comparisons using the Bonferroni correction.

RESULTS

Molecular cytogenetic analysis of early passage
malignant melanoma cell lines was performed us-
ing spectral karyotyping, FISH, and inverted DAPI
banding. The statistically significant gains and
losses of chromosomal material are summarized in
Table 1. Nonrandom loss of the short arms of
chromosomes 1 and 10 was observed in all of the
tumor lines. The minimal regions of deletion were

TABLE |. Chromosome Abnormalities Detected in Human
Malignant Melanoma Cell Lines by SKY

Ratio of tumors with aberration

Chromosomal deletions

Ip36 to pter 14/15
2pl3 to qgter 12/15
3pl1-21 to pter 11715
4pl6 to pter 12/15
6q22-24 12/15
9p21 to pter 14/15
10923 to qter I15/15
12q13 to qter 11715
13q21 to qter 12/15
14914 to qter 9/15
I5q11 to qter 7/15
16q23 to qter 11715
19913 to qter 14/15
Chromosomal gains
193241 /15
6p22 to qter 13/15
7931 to qgter 10/15
12pl | to qter 13/15
I5ql | to qter 7/15
17923 to qter 9/15
20q! | to qter 14/15
Translocations
der(19)t(10;19)(q23;q13) 4/15
der(12)t(12;20)(ql5;q1 1) 4/15
der(12)t(12;19)(q13;q13) 3/15
der(1)t(1;6)(p31;p22) 6/15
der(6)t(1;6)(q32;q921) 3/15

Common chromosome break sites that were observed by spectral
karytoyping analysis and confirmation by fluorescence in situ hybridiza-
tion. At least 20 karyotypes were analyzed for each of the |5 early
passage cell lines. Chromosome changes that occurred in at least 40.0%
of the cells from a cell line were included in the karyotype. The band
regions are indicated next to the chromosome numbers that are listed
in numerical order. The data are expressed as the ratio of the number
of cell lines that had the specific band change to the total number of
tumor cell lines that were analyzed. The table is divided into chromo-
somal deletions, gains, and translocations.

1p36 to pter (14/15), 10q23 (15/15), and 19q13
(14/15). There was a significant, but less frequent
loss of 2p13 to pter (12/15), 3p21 to pter (11/15),
13p11 to pter (12/15), and 14ql14 to qter (9/15).
Other common losses included 4p16 to pter (12/
15), 6q22-24 (12/15), 9p21 to pter (14/15), 12p11 to
pter (13/15), 12q12-15 (11/15), and 1321 to qter
(12/15). There was a gain of chromosomal material
at 6p22 to pter (13/15) and 20q11 to qter (14/15).
Statistically significant gain of 1q32 to 41 (11/15)
was also observed. There was a significant, but
lower frequency gain of 3p14 to pter (11/15), 7q31
to qter (10/15), 15q11 to qter (7/15), and 17923 to
qter (9/15). The recurring breakpoints of chromo-
somes 1, 4, 6, 9, 10, 12, 19, and 20 were the most
frequent karyotypic changes in the melanoma cell
lines.



20 SARGENT ET AL.

There were numerous aberrations of chromo-
some 10 that resulted in the loss of 10g23 to the
end of the chromosome (Table 2). The transloca-
tion, der(19)t(10;19)(q23;q13), is illustrated in the
composite spectral photograph of cell lines UACC
502, UACC 647, and A 375 (Fig. 1). The translo-
cation was confirmed by fluorescence in situ hy-
bridization. In addition to the loss of chromosome
10, there were numerous aberrations that resulted
in the loss of chromosome band 19q13 (Table 1).

There were two translocations involving chromo-
somes 1 and 6. The translocation involving the
short arm of 6, der(1)t(1;6)(p22;p22), was found in
6/15 of the cell lines, whereas a less common trans-
location of the long arm, der(6)t(1;6)(q21;q13), was
seen in 3/15 of the cell lines (Tables 1, 2).

Two translocations involving chromosome 12
were observed in 50.0% of tumor cell lines; 4/15 of
the tumor lines had the translocation, 4/15 der(12)t
(12;20)(q15;q11) (Fig. 2), and 3/15, der(12)t(12;
19)(q13;q13), (Fig. 3). A minor translocation involv-
ing the short arm of 12, der(12)t(12;20)(p15;q11),
was also detected. There was a net gain of chro-
mosome band 20q11ter and a loss of 12p11 to the
top and 12q13 to the end. The identity of these
translocations was confirmed by FISH.

The translocation between 12 and 19, der(12)t
(12;19)(q13;q13), was present in 4/15 of the cells
(Table 1, Fig. 3). There was a net loss of 12q13 to
qter and of 19q13. The identity of the chromo-
somes involved in these translocations was deter-
mined by FISH.

The loss of 12p11 in 13/15 of and 16923 in 11/15
of the tumor cell lines is a unique finding. Dupli-
cations of chromosome material on 20q were
present in 14/15 of the tumor cell lines. Extra
copies of chromosome 20 were in 4/15 and translo-
cations involving chromosome 20 in 6/15 and iso-
chromosomes of 20q in 5/15 of the tumor cell lines.

DISCUSSION

Karyotypic alterations in tumors identify chro-
mosomal regions that are important in disease pro-
gression. The resulting changes in gene expression
include downregulation of tumor suppressor genes,
increased expression of genes that favor growth,
and expression of fusion gene products that may
exhibit altered activities. The consistent amplifica-
tion of 20q11, 1932, and 6p23 material would sug-
gest the selection for genes that confer a growth
advantage. The significant loss of 1p11-36, 3p11-
21, 4pll-16, 6q22-24, 10q24, 12pl11, 12q15-23,
13921, and 19q13 would indicate that these regions
contain candidate genes for growth suppression.

The translocations of der(1)t(1;6)(p21;p22), der(6)t
(1;6)(q21;q13) der(12)t(12;20)(q15;q11), der(19)t
(10;19)(q23;q13), and der(12)t(12;19)(q13;q13) in-
dicate the possibility of new fusion genes or altered
gene regulation. We are currently mapping the
break points to identify the critical genes that are
altered.

The loss of human chromosome 1 has been re-
ported frequently in malignant melanoma. Micro-
cell fusion with the 1p36 region has been shown to
suppress tumorigenicity (Dracopoli et al., 1989).
Studies of familial melanoma suggest linkage to 1p
(Goldstein et al., 1996). The minimal region of loss
of 1p36 in malignant melanoma has been reported
to involve the mutation, deletion, and decreased
expression of the PITSLRE protein kinase (Nelson
et al., 1999). The CDCZL locus encoding the
PITSLRE protein kinases maps to 1p36.3. The
PITSLRE protein kinase is a down-stream regula-
tor of apoptosis signal transduction pathways, and
alterations in PITSLRE can result in the loss or
deregulation of apoptotic signaling (Ariza et al.,
1999). Thus, a transformed cell may gain a growth
advantage by the loss of a gene that regulates cell
death. The spectral results indicated numerous
translocations and deletions of the short arm of
chromosome 1. The structural rearrangements be-
tween chromosomes 1 and 6 in malignant mela-
noma have been reported previously (Guan et al.,
1998).

The alterations in chromosome 6 involved an
increased copy of the short arm and deletion of the
long arm. This is consistent with changes reported
previously (Bastian et al., 1998; Su et al., 2000).
The long arm of chromosome 6 has been shown to
have genes that suppress the tumor phenotype (Su
et al.,, 2000), indicating the possible presence of
tumor suppressor genes.

The short arm of chromosome 9 was lost in 14 of
the 15 tumor cell lines. The high incidence of this
loss indicates that genetic aberrations of this chro-
mosome are important in the development of the
disease. This loss has been observed by chromo-
some banding analysis as well as comparative
genomic hybridization (Thompson et al., 1995;
Bastian et al., 1998). There is evidence that a mu-
tation in the CDKNZA gene at 9p21 is correlated
with familial melanoma (Hussussian et al., 1994).
The loss of 9p21 material is an early event in the
development of malignant melanoma (Bastian et
al., 1998; Balazs et al., 1999) and has been reported
in dysplastic nevi (Cowan et al., 1988). In late stage
disease, there is often a homozygous deletion of



NOVEL CHROMOSOMAL TRANSLOCATIONS IN MALIGNANT MELANOMA 21

TABLE 2. Modal Karyotype of Melanoma Cell Lines

.A375
59-83, XXY, der(l)t(1;6)(q21;p22), der(l)t(I;16)(pl3;q22), der(2)t(2;20)(pl6;ql I), der(2)t(2;9)(p13—q32;q13),
der(2)t(2;19)(p15—q32;q12), der(3)t(3;13)(p14:922), —3, del(4)(q12), der(4) t(4:8)(pl2;ql1), —5; —6, der(6)t(6;Y)(ql 69l 1),
der(6)t(6;22)(ql I;q11), del(9)(p!1), — 10, del(10)(q23), i(I 1q), del(12)(q23), I2 - I3 der(19)t(10;19)(q23;q13), dup(20)(q| 1)
(modal number = 63)

2. UACC 502

70-79, XXY, del(1)(p32), — 1, der(1)t(1;6)(1p22, 6pl2), del(4)(pl 1), del(4)(ql 1), der(6)t(6;Y)(q24;q! I), der(6)t(1;6)(q32;q21),
+7, =8, der(9)t(%13)(p! I;q12), —10, der(l 1)e(I1;13)(p15;922), £(12;20;Y)(q15;q!1 I;q1 1), t(12;19)(q13;q13), der(I)t(1;16)(q32;

(;‘I‘)3), der(16)t(1;4;16)(ql3;921;932—42), der(17)t(15;17)(q22;q21), — 18, der(19)t(10;19)(q23;q13); +20, —21 (modal number =

w

.UACC 647
64-79, XXY, der(l)t(1;5)(q31;q31), der(4)t(3;4)(p14;p1 1), —4, —5, der(5)t(5;7)(q21;q31), der(6)t(6;9)(p12;q12),
der(6)t(6;16)(q23;q13), der(6)t(6;21)(p! I;pI 1), der(7)t (7;16)(q21;pl 1), del(9)(q12), £(10;19)(q23;q13), i(13q), der(14)t(1;14)(q32;
Iqll), der(15)t(5;15)(q31;pl 1), —16 (modal number = 72)
4. UACC 827
55-65, XX, i(lq), der()t(1;11;3)(q12;q14;q21), del(2)(p15), —2, del(3)(p21), —3, —4, del(6)(q!3), der(6)t(6;22)(p21;p!ll); —8,
der(9)t(9;13)(p21;q13), —9, — 10, del(11)(ql4), i(12p), del(13)(13q), der(12)t(12;13)(pl I;ql 1), — 14, deI(I4)(q24) der(14)¢(l;
14)(q32—-42; q31), der(15)t(9;15)(q31;922), der(15)t(15;22)(pl I;pI1), — 16, der(l16)t(1;16)(q41;pl13), —17, =19
der(19)t(10;19)(q23;q13), i(20q), —22 (modal number = 63)
UACC 1022
51-64, XX, =Y, del(1)(p21), — 1, der(1)t(1;22)(p1 1-q32;q1 I), der(1)t(1;7;16)(p13—q32;q1 1-31;q23), der(2)t(2;19)(p! I;q13),
del(2)(p21), —2, —3, del(3)(p14), —4; der(4)t(4;6)(p16—q21;p12); del(4)(p15), —5, der(6)t(l 6)t( 32-42;q24), dup(7)(q| 1-31),
+7,i(8q), der(9)t(3;9;15)(q!l I;p1 I;p14), del(9)(p!3), i(10q), der(10)t(10;17)(q24:;q23), del(l1)(q23), + 11, del(12)(p!
der(13)t(%;13)(pl I;ql 1), der(14)t(14;22)(pl I;ql 1), — 16, del(16)(pl12), —17, —18, del(19)(ql3), i(20q), 420, —22, der(X)t(3;|9:
X)(q22-32;q13;q21) (modal number = 58)
6. UACC 1227
44-95, XY, der(l)t(1;6)(p21;p22), del(1)(p36), del(2)(p13), del(3)(p21), der(3)t(3;11)
der(6)t(1;6)(q22;q22), del(7)(q31), +7, der(7)t(7;12)(q! I;p12), del(8)(q21), del(9)(p!
del(11)(q22), — 13, der(16)t(1;16)(q21;932), del(16)(q22), del(19)(ql3), add(20)(q! 1),
cells had 44 chromosomes])
7.UACC 1460
49-79, XXX, der()t(1;17)(p! 1;p8), del(1)(p36), —2, del(2)(p!3), del(3)(p2!), —3, del(4)(p!5), —4, —5, der(6)t(6;10)(p| I;923),
+7, del(9)(p21), — 10, del(10)(g23), + 11, der(12)t(12;19)(ql3;q13), der(I13)t(13;20)(p! I;q11), —14; — 15, del(16)(q22), — 16;
—17, =18, der(19)t(19;22)(p! I;q! 1), i(21q) (modal number = 74 [2/20 cells had 49 chromosomes])
8. UACC 375

u

(924;q21), del(4)(p15),
1), der(10)t(10;17)(ql 1;922), del(10)(q24),
i(20q), i(Yq) (modal number = 93 [2/20

63—136, XXYY, der(1)t(1;6)(p36;p! 1), —2, del(2)(p36), der(2)t(2;17)(q32;p12), del(3)(p21), der(4)t(4,22)(p! I;q1 I), —5, —6,
der(6)t(1;6)(q36—42;p21), der(8)t(7; 8)(q31; q23-24), del(9)(p21), der(9)t(9;21)(p! I;q11), — 10, del(10)(q24), del(l N(pl4),
del(12)(pl 1), der(13)t(11;13)(q22;q23), der(14)t(14;8)(p!1;q23), der(14)t(14;15)(p! 1;q13), — 16, der(17)t(3;17)(p21;923), t(12

19)(q13;q12), der(20)t(13:20)(ql4:q! 1), der(20)t(12:20)(qI5:qI ). —22 (modal number = 70)

9.UACC 929
50-75, XY, der(l)e(I;11)(pl I;q11), der()e(1;16)(p1 1;q21), del(l)(p36), — I, der(3)t(3;9)(p! I;p21), —4, —6, der(7)e(7;17)(p15;
q22), +7, —8, der(9)t(3;9)(p12-21;pl 1), —10, del(10)(q23), der(I t(I;11)(q12;pll), — 11, |(I2p) del(12)(ql5), —13,
del(16)(q12), — 17, t(7;17)(q12;p21), — 19, +20, del(20)(ql I), —X, —Y (modal number = 71)

10. UACC 1237
63-68, X, —X, der(l)t(1;6)(pl I;p21), del(1)(q32), —1, del(2)(p21), —2, der(3)t(l; )( 21;927-29), —4, —5, —6, —9, der(10)t(9;
10)(qI3:;ql1), —12, —13, der(13)t(6;13)(pl I;pl 1), — 14, del(14)(q23), — 15, —16, —17, —X (modal number = 67)

1. UACC 903

41-50, X, =X, del(1)(p34), der(1)t(l;1)(q31;p36), der(l)t(1;11)(p34;923), del(2)(p16), del(3)(p21), der(4)t(4;15)(q22;q15), +7,
del(7)(q31), der(8)t(8;15)(q21;q15), del(10)(q23), der(l I)t(I;11)(q32-42;q22), der(12)t(12;20)(q22;q! I), del(13)(q21),
del(14)(q21), — 15, add(17)(q21-23), der(19)t(14;19)(q22;ql3), der(20)t(2;20)(q31;q1 1), +2I (modal number = 44)

12. UACC 1065
43-75, X, =X, del(1)(p21), del(1)(p36), —2, del(2)(p14), del(3)(p14), del(3)(p21), der(4)t(4;8)(q22;q21), —4, i(6p), del(6)(q22),
i(8q), der(8)t(8;4)(ql3;q24), del(7)(q31), +8, —9, del(9)(p21), — 10, del(10)(q24), — 12, del(12)(q21), — 13, del(14)(q21), — 16,
der(17)t(16;17)(p1 I;pl 1), —19, del(19)(ql3), +20, del(X)(q22) (bimodal cell number, modal number = 43, and modal number
= 66)

3. UACC 612
65-123 XXX, del(1)(p35), =1, =2, del(2)(p! 1), del(3)(p21), —3, der(3)t(3;5)(p2I;p14), del(4)(p15), —4, i(ép), —6, del(7)(ql ),
=9, =10, =11, —12, — 13, — 14, der(16)t(16;17)(ql 1;921) two copies, — 17, —18, +20, add(20)(q! ) (modal number = 68)

14. UACC 457
55-69 XX, i(1q), del(1)(p36), —2, del(3)(p21), der(3)t(3;5)(p21;p14), —4, —5, del(6)(q22), der(7)t(7 )( I1;q11), der(9)t(9;
20)(p24;ql 1),del(10)(q23), — 11, —12, der(|2)t(I2X)(q22 q24), del(12)(ql5), —13, —16, —18, —19, —19 |(2 q) (modal number
= 68)

I5. UACC 2565

42-50 XY, der()t(1;6)(p! I;p11), der(l)t(1;15)(p36;922), +1, der(2)t(2;6)(p|3;q922), del(2)(p16), del(3)(p21), der(3)t(3;15)(p2;
q22), i(3p), del(4)(p15), dup(4)(p!5), der(5)t(5;17)(p15;q923), der(6)t(6;2)(q22;p12), del(6)(q22), +7, del(7)(q31),
der(7)t(7;15)(q31;922), der(7)t(3;7)(p! I;p14), der(9)t(9;13)(p21;922), del(9)(p21), der(9)t(1;9)(p36;p22), der(10)t(1;4;10)(q24;
pl4;pll), der(10)t(6;10)(p22;q21), del(10)(q22), del(l1)(q22), del(12)(p12), del(12)(q21), t(12;20)(q15;20q1 1)(50.0% of the cells),
=13, der(14)t(14;19)(p! I;:q13), der(15)t(15;3)(q21;q14), del(16)(q22), del(17)(p! 1), del(19)(q13) (modal number = 49)

Modal karyotype and chromosome number present in the melanoma cell lines. At least 20 metaphase cells of good banding and spectral hybridization
quality were analyzed for each tumor. Only aberrations that were observed in at least 40.0% of the cells were included in the karyotype.
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Translocations of 19;10

UACC 502«

UACC 6474,

e

Figure I. A composite of three spectral images of tumor cell lines UACC 502, UACC 647, and A 375.
The translocation of 19 and 10 is separated in a white box to the right of the spectral image. The location
of the translocation of 19 and 10 in the spectral image is indicated by a white arrow.

the 9p21 region in both sporadic and familial cases
(Hussussian et al., 1994; Kumar et al., 1998).

A high incidence of chromosome 10 loss in ma-
lignant melanoma has been reported previously
(Thompson et al., 1995; Bastian et al., 1998; Nelson
et al., 1999). The loss of 10q in dysplastic nevus
indicates that this occurs early in the progression of
the disease (Parmiter et al., 1988). The MXI/ tu-
mor suppressor gene has been mapped to chromo-
some band 10q25, and this gene has been demon-
strated to be lost in desmoplastic melanoma. The
loss of MXI7 in malignant melanoma is indepen-
dent of tumor stage, indicating that this is an early
event (Rao et al., 1999). Significant loss of chromo-
some 10 has also been reported in gliomas and
prostate carcinomas (Gray et al., 1995; Steck et al.,
1999). Other genes within this region of chromo-
some 10 have been implicated as tumor suppressor
genes, including MMAC/PTEN and DMBTT (Steck
etal., 1999). The loss of 10q in all of the melanoma

cell lines further emphasizes the importance of the
deletion of this region. Translocations involving
chromosome 10 with other chromosomes have also
been reported in dysplastic nevi (Parmiter et al.,
1988; Nourse et al., 1990). The observation of the
translocation der(10)t(10;19)(q23;q13) indicates not
only that the loss of genetic material may be im-
portant, but also that a fusion gene may be in-
volved in the progression of the disease. Further
investigations will determine whether the previ-
ously unidentified translocation of 10 and 19 is an
early or a late event in the disease.

The deletion of 12p13 and 12q13-24 has been
reported in colon, head and neck, and lung cancer
as well as testicular germ cell tumors and malignant
gliomas (Becher et al., 1997; Bigner and Schrock,
1997) and malignant melanoma (Mertens et al.,
1997). Germline mutations in the ¢DK4 region of
chromosome arm 12q have been reported in famil-
1al melanoma (Zuo et al., 1996). The identification
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Figure 2. The figure is a composite of the spectral images of tumor cell lines UACC 502, UACC 375,
UACC 903, and UACC 2565 demonstrating the translocation of 12 and 20. The location of the translo-
cation in the spectral image is indicated by a white arrow. The translocation is separated by a white box to

the right of the spectral image.

of more than one translocation of chromosome 12
indicates that genes in this region may be involved
in sporadic melanoma.

Although a clustering of breaks was reported in
metaphase chromosomes prepared from metastatic
melanoma samples from 158 patients (Thompson
et al., 1995), the rearrangement of chromosome 19
was missed in previous studies because of the dif-
ficulty of identifying the two translocations
der(12)t(12;19)(q13;q13) and der(10)t(10;19)(q23;
q13) by traditional Giemsa banding analysis. Inter-
estingly, a similar translocation, t(10;19)(q24;q13),
was reported in malignant glioma cells (Chernova
and Cowell, 1998).

An increased copy number of the long arm of
chromosome 20, q11-13, has been reported in ma-
lignant melanoma (Barks et al., 1997). The consis-
tent rearrangement der(12)t(12;20)(q15;q11) had
not been characterized previously. Amplification of

chromosome 20 has been reported in breast cancer,
ovarian cancers, and erythroleukemia (Tanner et
al., 1994; Saito et al., 1995). The amplification of
chromosome arm 20q in a number of tumors indi-
cates the presence of a gene or genes that contrib-
ute to tumor progression.

Conventional banding analysis has previously
demonstrated alterations of chromosomes 1, 6, 10,
12, and 20 in malignant melanoma. Previous iden-
tification of small rearrangements of chromosomes
10, 12, 19, and 20 were not possible with standard
banding analysis. In this study, we have been able
to identify a high frequency of alteration of chro-
mosome 19 in malignant melanoma that was not
detected before. In addition, we have been able to
demonstrate three unique translocations that had
not been identified by other cytogenetic methods.
"The mapping of the critical genes in melanoma has
been hindered by the large regions of deletion.
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UACC 375

Figure 3. The figure is a composite of the spectral images from tumor cell lines UACC 502, UACC 375,
and UACC 1460. The location of the translocations of chromosomes 12 and 19 in the spectral image is
indicated by a white arrow. The banded and spectral image of the translocation is separated by a white box

to the right of the spectral image.

The mapping of specific translocations will facili-
tate the identification of these critical genes. Fur-
ther studies will examine the minimal break points
as well as the possibility of fusion genes that are
unique to melanoma.
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