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ABSTRACT

INTRODUCTION
Specific chromosomal translocations have characterized nu
merous types of human cancers but particularly those of hematopoietic lineage (1-4). Recurring chromosomal alterations
in Burkitt's lymphoma and chronic myelogenous leukemia have
been clearly implicated in the altered expression of protooncogenes (i.e., c-myc, c-abl), a finding which strongly supports
the notion that chromosomal changes are important in carcinogenesis (1).
Recurring translocations of the specificity and frequency
characterizing hematopoietic cancers (e.g., the Philadelphia
chromosome in chronic myelogenous leukemia) have not been
recognized in the majority of solid tumors, including malignant
melanoma. However, several chromosomes appear nonrandomly involved in melanoma, most notably chromosomes 1,6,
7, 10 (5-10), and 19 (11) (for review see Ref. 12). The obser
vation of chromosome 6 alterations, particularly deletions in
volving the long arm, are perhaps the most frequent alteration
recognized in this neoplasm (4-7). We now report the finding
in five cases of malignant melanoma of translocations involving
chromosomes 1 and 6. The breakpoints of all five cases involved
band region 6qll-13, although two different regions of chro
mosome 1 (p22, ql2-q21) were shown to be translocated to 6q.
Coupled with the recognition in the literature of numerous
additional examples of translocations involving 6ql 1-13, these
data support the notion that a gene(s) at 6qll-13 may be
involved in the etiology or progression of melanoma.
MATERIALS

RESULTS
During the cytogenetic investigation of 29 cases of malignant
melanoma, five cases were observed to contain the t(I;6) chro
mosome. The modal chromosome number of these five tumors
varied from 61 to 92. Table 1 provides complete karyotypic
information on these five cases, with Tables 2 and 3 providing
a summary of the abnormalities of chromosomes 1 and 6 from
these five cases, as well as the combined data from other
laboratories reporting 6q translocations.
As summarized in Tables 1-3 and illustrated in Fig. 1, four
cases exhibited clonal nonreciprocal translocations between
Iql2-21 and 6ql 1-13 [t(l;6) (ql2-21;ql l-ql3)]. In one case the
proximal short arm (p22) was translocated to 6qll-13. In
reviewing the published literature, an additional two cases of
t(l;6)(qll-ql2;qll-ql3)
were identified (Table 1), further
strengthening the nonrandom nature of this translocation.
In addition to the frequent finding of t( 1:6), translocations
between 6ql 1-13 and other chromosomes were also observed.
Three cases of t(5;6) and two cases of t(3;6) were observed, as
well as single cases of t(4;6) and t(6;17). Also, several cases
with unidentifiable chromosomal segments translocated to
6ql 1-13 t(6;?) (ql 1-13;?) have been reported (Tables 2 and 3).
Fig. 2 provides a pictorial summary of the proposed breakpoints
and derivative chromosomes resulting from translocations to
6qll-13.
Translocations involving 6ql 1-13 were shown to be present
in both the direct cultures of malignant melanomas (Table 2)
as well as being retained in established melanoma cell lines
(Table 3). In one case (CC-9) it was possible to examine both
direct tumor material and two subsequently established cell
lines from the same tumor for the presence of the t(l;6) (16).
The t(l;6) was retained in both direct and cultured tumor cells
suggesting this abnormality is not an artifact of in vitro culture.
DISCUSSION

AND METHODS

The basis for these observations originates from our recent exami
nation of 29 cases of direct preparations of metastatic malignant
melanoma (13). Data from melanoma tumors were obtained within 1
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The chromosomal profile of malignant melanoma has been
most frequently characterized as containing structural altera
tions of chromosomes 1, 6, 7, 10, and 19 (4-13). Recently, a
specific translocation defining a subset of melanomas was de
scribed: t(l;19) (ql2;pl3) (11). This abnormality was observed
in cells from three patients, with the suggestion made that band
region 19p 13 might be the site of a gene important in melanoma
carcinogenesis (11). The breakpoint on chromosome 1 in the
t(l;19) (ql2;pl3) appears to involve the same band region on
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The recognition of recurring sites of chromosome change in human
cancers has pinpointed the location in the genome of several important
growth-regulatory sequences (e.g., cellular oncogenes). This report details
the finding of a recurring translocation site involving the long arm of
chromosome 6 (6q) in malignant melanoma. We have observed a translocation (I) between chromosomes I and 6 in five different cases of
malignant metastatic melanoma. All five melanomas evidencing t(l;6)
involved band regions 6ql 1-13, while two different regions of chromosome
1 (p22, ql2-q21) were shown to be translocated to 6q. In reviewing
previously published cases of melanoma, an additional two cases of t(l;6)
and 13 cases of other translocations to (HI11-13 have been identified.
Chromosome 6q contains several biologically important gene sequences
including the proto-oncogenes ros, myb, and masi. However, based on
current mapping studies, the breakpoint of this translocation (6qll-13)
is not within the region encoding these sequences. By analogy to other
systems, molecular analysis of the translocation breakpoints may identify
a gene(s) which plays a role in melanoma tumorigenesis.

week of culture initiation. In cases CC-9 and T84-097, cells were grown
in agar culture (14), while cases T87-093 and T87-096 were grown in
short-term liquid culture (15). Methods for chromosome banding (Gand C-) have been described in detail elsewhere ( 15). No karyotypically
normal cells were observed in any tumor culture. C-banding (to recog
nize constitutive heterochromatin) was performed on all cases with
t(l;6) in order to assist the breakpoint location relative to lqll-12.
Examination of a minimum of 15 cells and four banded karyotypes was
performed on all cases. The description of chromosome alterations
conforms to International System for Human Cytogenetic Nomencla
ture (16).

CHROMOSOME

6 IN MELANOMA

Table I Chromosome alterations from five cases of malignan! melanoma
Case no.

CC-9

Karyotype
71,XX.-t-del(l)(q42).+3,-l-3.-l-5,-H(l;6)(q21;ql3)[4
copies],
+7,+7,+7,+8,+9,+l
2,+ l 3,+13,+15,+16,+17,+17,+18,+19,
+20,+20,-21,+2
Umar's,+DMs

T84-097

65-70,XX,+del(l)(q42),+t(l;6)(ql

T87-069

61 ,XX,+1 ,-2,+t(2;?)(q3 l;?),+3,+5,-6,+t( 1;6)(q 11;q11).
+7,+8,+9,+del(I l)(pl5),+ 12,+ 17,+20,-22,+5 Umar's

T87-093

92,XYY,-3,+t(3;?)(p25;?)[2 copies],+der i(3q),
+4,+4,+5,+5,+del(6)(q 15),+t( 1;6)(q 11;q 11)
[2 copies],+7,+7,+7,+11.+11,+11
,+t( 12;?)
(q21 ;?),+t( 13;21)(p 11;q 11)[2 copies],
+t( 13;?)(q34;?),+13,+13,+16,+16,+17,+17,
+18,+18,+19,+19,+19,+19,+2,+20,+20,+20,+21,
+21,+22,+9 Umar's

T87-096

Table 2 Chromosomal data from melanomas with 6q translocations
chroAbnormalities of
cells
Identification
analyzed252550812050393820NG*T
mosome
692 no. chromosomes 1 or
no.T87-093T87-096T84-097CC-9"MM214NGCase
t(l;6)(qll;qll)
del(6)(ql5)75

I;ql3),+del(6)(ql5),

(p22;qll-13).+8.+ll.+12,-H4,+20,+20.+21,+22,+7
75,XX,+1 ,+t(

reportThis

t(l;6)(p22;qll-13)
t(l;?)(p22;?)65-70

reportThis

t(l;6)(qll;ql3)del(6)(ql5)70

reportThis

t(l;6)(q21;ql3)
del(l)(q42)89

report29105529659

t(l;6)(qll;qll)50
t(3;6)(p21;ql4.1)
der(6)
t(3;6)(p22.1;p21.3)61-68

Umar's

t(3;6)(q29;ql3)
t(l;13)(q21;q34)
del(6)(q2lql3)65-68

3Case

chromosome 1 as five of the cases of t(l;6) in this study. Band
region lqll-12 represents a major site of constitutive heterochromatin and therefore is a region of the genome with a
relative paucity of gene activity. For this reason, the contribu
tion of sequences within lqll-12 to either the t(l;6) or t(l;19)
is currently unclear. Chromosome abnormalities other than
those involving 1 or 6 are also frequently observed in malignant
melanoma, including: translocations involving chromosome
7qll (5, 9, 11) and deletions involving chromosome 10q24-26
(18).
Alterations of chromosome 6 in melanoma have included the
frequent finding of isochromosomes of the short arm [iso(6p)
(10)] and particularly deletions of the long arm [del(6q) (4-7,
12)]. However, of interest to this report, the region most fre
quently deleted on 6q(q21-23) results in loss of band regions
distal to those involved in the t(l;6) translocations (Fig. 2) (12,
13). Our results suggest that the translocation site involving
6qll-13 defines a region of chromosome 6q which is signifi
cantly removed (particularly at the nucleotide level) from those
band regions frequently lost via chromosomal deletion in ma
lignant melanoma. However, even though the cytological loca
tion of the translocation site is distant to the most common
area lost in 6q deletions (Fig. 2), it is possible that the translo
cation and the aforementioned deletion of 6q may be related.
Specifically, recent examination of human colonical neoplasms
have suggested that chromosomes 5 or 17 may be involved in
nonreciprocal translocations near their centromeres, leading to
loss of genomic sequences distal to the translocation breakpoint
(19). Therefore, by analogy to colon carcinoma, the possibility
exists that the nonreciprocal translocations described in this
report could represent a means of removing sequences on distal
6q, providing an alternative mechanism for the loss of heterozygosity of 6q alÃ-elesin melanoma. This possibility is currently
being investigated via restriction fragment length polymor
phism analysis.
Recently, several biologically important gene sequences, in
cluding proto-oncogenes, have been assigned to 6q (for review
see Reference 20). These include ros [6ql6â€”>q22](21), masi
(21-22), and myb [6q24] (23-25). Of further interest, myb
expression has been shown to be disregulated in leukemias
containing structural chromosome alterations (including inter
stitial deletions) of 6q (26). However, to date we have failed to
observe any structural alterations of c-myb in any of 20 mela
nomas tested (using standard electrophoresis and Southern
blotting), a finding supported by other investigators (27).
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t(5;6)(q35;ql3)del(6)(ql3)

4MM253-1RWCase

del(6)(ql3q23)66
t(5;6)(qll;qll)NG
t(5;6)(ql3;ql3)c47
1WP-2No.

t(6;7)(qll;qter)
t(l;8)(pl3;pl2)
del(l)(p22)
t(l;2)(p23;p22)
t(6;?)(q23;?)66

33T

t(6;17)(pll;qll)
t(l;12)(p34;ql5)
t(l;12)(p21;q21)
t(l;15)(q32:q25J
t(l;6)(qll;q24rRef.This
* Two cell lines from the CC-9 tumor were established, both of which main
25Modal

tained the t(l;6).
* NG, not given in text.
' Reinterpretation of author's previous results.
'The breakpoint along 6q in this case (6q24) is significantly distal to 6ql 113.
Table 3 Chromosomal data from melanoma tumor cell lines with 6q
translocations
of
chromosomes 1
chro
Identification
cells
mosome
no.6170NG*87Abnormalities
6t(l;6)(ql2:ql
or
no.T87-069HA-A, analyzed1781>2050Modal
1)t(l;6)(q21;ql3)

report17730

HA-L"TCH3I19COLO297No.
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* Clonal numeric changes were not described because of karyotypic heteroge
neity and a lack of a distinct modal chromosome number.

del(l)(q42)t(l;6)(ql2;ql3)Â°t(4:6)(ql2;qll)

del(l)(pl3)
t(l;2)(p34;p23)Ref.This
COL0349

50

80

30

TCH3114TCH3115TCH3116TCH3636>20>20>20>20NGNGNGNGt(6;?)(ql3;?)'t(6;?Xql4;?)ct(6;?)(

" Two cell lines from the CC-9 tumor were established, both of which main
tained the t(l;6).
* NG, not given in text.
' Breakpoints kindly provided by authors (not given in Reference).
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Fig. 1. Representative examples of G-banded cells from five cases of melanoma displaying a translocation between chromosomes 1 and 6. Detailed description of
chromosome breakpoints are provided in Table I.A. G-banded metaphase of case T87-069. Thin arrows, normal chromosome 1 and 6 for comparison with the t(l;6)
(bold arrow). Normal and clonal structural abnormalities of chromosomes 1 and 6 in cases T87-093 (A), T87-096 (C), T87-069 (fl), T84-097 (Â£),and CC-9 (F).
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Fig. 2. Idiogram diagramming breakpoints and derivative chromosomes re
sulting from translocations of various chromosomes to 6ql 1-21. A, breakpoints
involving chromosomes 1 and 6 with resulting derivative t(l:6). Arrows to chro
mosome I, band region involved in translocation with 6q 11-13 (solid brackets).
B, chromosomes Ip. 3. 4, 5, 7. and unidentified chromosomal segments (?) were
also shown to translocate to 6qll-13 (see Table 1). Dotted brackets, region of 6q
most frequently involved in simple deletions (see text).

Finally, although their significance in relation to malignancy
is unclear, fragile sites have been shown to map to tumorassociated chromosomal breakpoints (28). A common fragile
site (FRA6D) has been mapped to 6ql3 (28), although its role,
if any, in the oncogenic process is currently indeterminate.
In summary, the translocation site described in this report
characterizes seven cases of t(l;6) and an additional 13 cases in
which other chromosomal regions have been translocated to
6ql 1-13. This nonrandom involvement of band region 6ql 1-13
in these 20 unrelated patients with malignant melanoma
strongly suggests that this translocation site represents a tumorrelated chromosome change characterizing a subset of patients
with this disorder. By analogy to other systems, it is possible
that molecular analysis (which is currently underway) of this
recurring translocation site may identify sequences important
in melanoma carcinogenesis.
ACKNOWLEDGMENTS
We appreciate the excellent technical assistance of Ann Burgess.
REFERENCES
1. Croce, C. M. Chromosome translocations and human cancer. Cancer Res.,
46:6019-6023, 1986.
2. Pearson, M., and Rowley, J. D. The relation of oncogenesis and cytogenetics
in leukemia and lymphoma. Ann. Rev. Med., 36: 471-483, 1985.

423

Downloaded from http://aacrjournals.org/cancerres/article-pdf/49/2/420/2437051/cr0490020420.pdf by guest on 03 July 2022

3. Sandberg. A. A. Application of cytogenetics in neoplastic diseases. CRC Crii.
Rev. Clin. Lab. Sci., 22: 219-274, 1985.
4. Bloomfield, C. D., Trent, J. M., and van den Berghe. H. HGM9: report on
the committee on structural chromosome changes in neoplasia. Cytogenct.
Cell Genet., 46: 344-346, 1989.
5. Becher, R., Gibas, Z., Karakousis, C., and Sandberg, A. A. Nonrandom
chromosome changes in malignant melanoma. Cancer Res., 43: 5010-5016.
1983.
6. Trent, J. M.. Rosenfeld, S. B., and Meyskens, F. L. Chromosome 6q
involvement in human malignant melanoma. Cancer Genet. Cytogenet., 9:
177-180, 1983.
7. Pathak, S., Drwinga, H. L.. and Hsu, T. C. Involvement of chromosome 6
rearrangements in human malignant melanoma cell lines. Cytogenet. Cell
Genet., 36: 573-579, 1983.
8. Balaban. G., Herlyn, M., Guerry, D., Bartolo. R.. Koprowski, H., Clark, W.
H., and Nowell, P. C. Cytogenetics of human malignant melanoma and
premalignant lesions. Cancer Genet. Cytogenet., //: 429-439. 1984.
9. Pedersen, M. I., Bennett, J. W., and Wang, N. Nonrandom chromosome
structural aberrations and oncogene loci in human malignant melanoma.
Cancer Genet. Cytogenet., 20: 11-27. 1986.
10. Cowan, J. M., Halaban, R., Lane, A. T.. and Francke, U. The involvement
of 6p in melanoma. Cancer Genet. Cytogenet., 20: 255, 1986.
11. Parmiter, A. H., Balaban, G., Herlyn, M., Clark, W. H., and Nowell, P. C.
A t(l:l')) chromosome translocation in three cases of human malignant
melanoma. Cancer Res., 46: 1526-1529, 1986.
12. Trent, J. M., Kaneko, Y., and Mitelman, F. Report of the committee on
structural chromosome changes in neoplasia. Cytogenet. Cell Genet. Human
Gene Mapping 9.5, in press, 1989.
13. Trent, J. M., Thompson, F. H., and Meyskens, F. L. Cytogenetics of
melanoma. In: T. Slaga (Ã©d.).
Skin Cancer Biology, New York: Raven Press,
in press, 1989.
14. Trent, J. M., and Salmon, S. E. Human tumor karyology: marked analytic
enhancement via short term agar culture. Br. J. Cancer, 41: 867-875. 1980.
15. Trent, J. M., and Thompson, F. H. Methods for chromosome banding of
human and experimental tumors in vitro. In: M. Gottesman (ed.). Methods
in Enzymology, Vol. 151, pp. 267-279. New York: Academic Press, 1987.
16. International System for Human Cytogenetic Nomenclature (1SCN). Cancer
Genet. Cytogenet., 21: 1-117, 1985.
17. Ludwig. C, Harper, J., Payne, C., Nagle, R., Basiert, G., and Trent, J. M.
Cellular and genetic properties of two melanoma cell lines established from
the same tumor. J. Anticancer Res., 8:9-16, 1988.
18. Parmiter, A. H., Balaban, G., Clark, W. H., and Nowell, P. C. Possible
involvement of the chromosome region 10q24â€”Â»q26
in early stages of melanocytic neoplasia. Cancer Genet. Cytogenet., 30: 313-317, 1988.
19. Vogelstein, B., Fearon, E. R.. Hamilton, S. R., Kern, S. E., Preisinger, A.
C., Leppert, M., Nakamura. Y.. White, R., Smits, A. M. M., and BÃ¶s.J. L.
Genetic alterations during colorectal-tumor development. New Eng. J. Med.,
319: 525-532. 1988.
20. Cunliffe, V., and Trowsdale, J. The molecular genetics of human chromosome
6. J. Med. Genet., 24: 649-658, 1987.
21. Rabin, M., Birnbaus. D., Young, D., Birchmeier, C., Wigler, M., and Ruddle.
F. Human rosi and masi oncogenes located in regions of chromosome 6
associated with tumor-specific rearrangements. Oncogene Res., /: 169-178,
1987.
22. Nagarajan, L., Louie, E., Tsujimoto, Y., Balduzzi, P. C., Heubner, K., and
Croce, C. M. The human c-ros gene (ROS) is located at chromosome region
6ql6-*6q22. Proc. Nati. Acad. Sci. USA, 83: 6568-6572. 1986.
23. Dalla-Favera, R., Franchini, G., Martinotti, S., Wong-Stahl, F., Gallo, R.
C., and Croce, C. M. Chromosomal assignment of the human homologues
of feline sarcoma virus and avian myeloblastosis virus one genes. Proc. Nati.
Acad. Sci. USA. 79:4714-4717, 1982.
24. Harper, M. F., Franchini, C., Love, J., Simon, M. I.. Gallo, R. C., and WongStaal. F. Chromosomal sublocalization of human c-myb and c-fes cellular
oncogenes. Nature (Lond.), 304: 169-171, 1983.
25. Zabel, B. U., Naylor, S. L., Grzeschik. K. H., and Sakaguchi, A. Y. Regional
assignment of human protooncogene c-myb to 6q21â€”Â«qter.
Somatic Cell.
Mol. Genet., 10: 105-108, 1984.
26. Barletta, C., Pelicci, P-G., Kenyon, L., Smith, S., and Dalla-Favera, R.
Relationship between the c-myb locus and the 6q chromosomal aberration in
leukemias and lymphomas. Science (Wash. DC), 235: 1064-1067. 1987.
27. Albino. A. P. The role of oncogenes in the pathogenesis of malignant
melanoma. In: L. Nathanson (ed.), Basic and Clinical Aspects of Malignant
Melanoma. Boston: Martinus-Nijhoff, 1987.
28. Berger, R., Bloomfield. C. D., and Sutherland. G. R. Report of the committee
on chromosome rearrangements in neoplasia and on fragile sites. Cytogenet.
Cell Genet.. 40:490-535, 1985.
29. Muir, P. D. and Gunz, F. W. A cytogenetic study of eight human melanoma
cell lines. Pathology, //: 597-606, 1979.
30. Semple, T. U., Moore, G. E., Morgan, R. T., Woods, L. K. and Quinn. L.
A. Multiple cell lines from patients with malignant melanoma: Morphology,
karyology, and biochemical analysis. J. Nati. Cancer Inst.. 68: 365-380,
1982.

