
Abstract The short arm of chromosome 1 (1p), espe-
cially the subtelomeric region of 1p36, is a common site
for abnormalities in malignant melanoma of the skin. In
a recent study nodular melanomas displayed deletions of
1p36 in an augmented percentage of cases. To evaluate
the dimension of these deletions and to study their sig-
nificance for the progression of malignant melanoma we
analyzed seven melanoma cell lines, 32 primary tumors,
and 32 metastatic tumors by fluorescence in situ hybrid-
ization with the DNA probe D1Z2 in 1p36.3 and eight
YAC DNA probes hybridizing to 1p36, 1p32, 1p31, and
1p21. All cell lines, 91% of the metastatic tumors and
63% of nodular melanomas showed a deletion of 1p36.3.
In the YAC hybridization experiments, the most frequent
deletions were found in 1p36 in all cell lines, in 13% of
nodular melanoma, and in 44% of metastatic tumors. De-
letions in 1p36 were mostly confined to a rather small
area near the locus D1Z2. The frequent occurrence of
this deletion in melanomas with a high metastatic poten-
tial and the abundant accumulation of this deletion in
metastasis point to genes located on 1p36, which might
be of significance for the metastatic capability of malig-
nant melanoma.
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Introduction

Deletions of the short arm of chromosome 1 are among
the most frequent aberrations in many solid tumors in-
cluding neuroblastoma, breast cancer and malignant mel-
anoma of the skin [11]. Although Dracopoli et al. [5]
demonstrated a deletion especially in the subterminal re-
gion of 1p, cytogenetic analysis and comparative genom-
ic hybridization analysis (CGH) found chromosomal loss
in all parts of 1p [25, 32] or a broader range of deletions
from 1pter-1p33 [37]. More recently, loss of heterozygos-
ity (LOH) has been detected in one locus in 1p36 [4]. In
our recent fluorescence in situ hybridization (FISH) stud-
ies, we were able to demonstrate deletions with a subtelo-
meric DNA probe hybridizing at the locus D1Z2 (1p36.3)
in a surprisingly high percentage of nodular melanoma
samples [28, 29]. These tumors represent melanomas
with a high capacity to metastasize. However, in none of
the studies mentioned above has the exact extension of
the deletion been determined, so that the suggested in-
volvement of certain candidate tumor suppressor genes,
such as p73 [15] remains speculative. To evaluate the real
dimension of the deletion we performed fluorescence in
situ hybridization (FISH) with different YAC clones
spanning the regions 1p36, 1p32, 1p31 and 1p21. This is
a reliable method of determining small deletions, which
can easily be performed even on paraffin-embedded fixed
material [7, 8] and is much more sensitive than conven-
tional banding analysis [38]. To study the importance of
this deletion in the progression of malignant melanoma
we included in our study seven cell lines, 16 superficial
spreading melanomas (SSM), 16 nodular melanomas
(NM), and 32 metastases, which can be considered as the
final step in the progression of malignant melanoma.

Materials and methods

Cell lines and tumor specimens

The M19 cell line was kindly provided by Dr. K. Schallreuther
and Dr. N. Hibberts (Clinical and Experimental Dermatology, Uni-
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versity of Bradford, Bradford, UK) and the cell lines DX3 [1],
HMB2, MEWO and VUP [31], LT5.1 and T8 were generously
provided by Dr. S. Burchill (ICRF Cancer Medicine Research
Unit, St. James University Hospital, Leeds, UK). All cell lines
were derived from nodular or metastatic melanomas. The 32 pri-
mary tumor samples consisted of different types of melanoma
(16 NM and 16 SSM). In addition, 32 metastatic tumors from
skin, lymph node or brain were included in the study. Histological
diagnosis of malignant melanoma was documented for all cases.
All specimens were subjected to additional independent histopath-
ological review (C.W.). SSM were defined by the presence of a
microinvasive or in situ radial growth phase that was composed of
epithelioid neoplastic melanocytes arranged in a pagetoid pattern
within the epidermis. A vertical-phase tumorigenic compartment-
like tumor nodule formation may or may not have been present.
Only SSM with vertical growth properties are considered to have
metastatic potential, and these must be classed almost without ex-
ception in a higher tumor stage (measured as tumor thickness or
level of invasion). The tumor was designated NM if it showed ex-
pansive preferential growth within the epidermis with tumor nod-
ule formation and was not associated with the growth properties
described for SSM. A metastasis was regarded as an accumulation
of neoplastic melanocytes in lymph nodes and other organs in a
patient in whom a melanoma with metastatic potential had been
previously present.

Metaphase preparation of the cell lines

The cells were grown in RPMI with 10% fetal calf serum, penicil-
lin and streptomycin for 8–10 days and incubated with Colcemid
for 2–6 h (modified from Siracky et al.) [31]. Then the cells were
collected and the metaphase spreads were prepared according to
Rooney and Czepulowsky [30]. The chromosomes were spread on
slides and dried overnight at 37°C.

Isolation of cells from paraffin-embedded sections

The isolation of the cells was done as previously described [28].
Briefly, an enzymatic digestion was carried out with collagenase
and protease. The isolated cells were suspended in phosphate-buf-
fered saline (PBS) with 5% BSA and dropped onto slides. The
slides were air-dried and stored at –80°C until use.

YAC DNA probes

We used the YAC clones 783H7 and 956G5 (1p36), 406H3 and
928A10 (1p32, not overlapping [12]), 965F9, 835B8 and 963G1
(1p31, only short overlapping regions [13]) and 968G8 (1p21)
from the CEPH mega YAC library (RZPD, Berlin, Germany).
Corresponding STS and the localization of the YAC clones are
shown in Fig. 1. Additional information on these YAC clones may
be obtained with the CEPH Quickmap Infoclone available via the
Internet (http://www.cephb.fr/bio/infoclone/html). The YAC DNA
probes were prepared as described elsewhere [27].

FISH analysis

The metaphase spreads were pretreated with pepsin according to
Tiainen et al. [33] and dehydrated. The slides with the isolated
cells were pretreated as described elsewhere [28]. The cohybrid-
ization of the digoxigenin-labeled subtelomeric probe D1Z2 and
the biotinylated centromeric probe D1Z1 (both Appligene Oncor,
Germany) was done according to the manufacturer’s instructions.
In situ hybridization with the YAC DNA probes was performed as
published before [27] with slight modifications. Briefly, a cohy-
bridization of the biotinylated YAC probe and the digoxigenin-la-
beled centromeric probe D1Z1 (Appligene; prepared according to
the manufactures instructions) was carried out. The probes were

visualized with FITC-conjugated avidin (green fluorochrome) for
the biotin-labeled probes and with Cy3-conjugated anti-digoxige-
nin antibody (red fluorochrome) for the digoxigenin-labeled cen-
tromeric or subtelomeric probe. Cells were counterstained with
DAPI (1 µg/ml 4,6-diamidino-2-phenylindoledi-hydrochloride,
Sigma). Signals were visualized with a Zeiss Axiophot fluores-
cence microscope (Zeiss, Oberkochem, Germany) with filter sets
09 (FITC), 00 (Cy3) and 02 (DAPI) and digitized for documenta-
tion with the MacProbe System (PSI, Chester, UK). The FISH re-
sults were verified independently by a second observer (data not
shown). No significant differences between the results of the first
and the second observer occurred.

Results

Control studies

Normal blood lymphocytes, fibroblasts and isolated cells
from paraffin sections of normal tonsils and thyroid

106

Fig. 1 Schematic picture of the short arm of chromosome 1. The
numbers right to the chromosome correspond to the chromosomal
bands. The names of the YAC clones (bold numbers) and match-
ing STS are written to the left of the ideogram
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Table 1 Results of the deletion screening by FISH (° no deletion, d deletions in more than 15% of cells, d50+ deletions in more than 50%
of cells)

Cell lines No. 1 D1Z2 1p36 1p32 1p31 1p21

956G5 783H7 406H3 928A10 965F9 835B8 963G1 968G8

DX3 3–5 d50+ d50+ d50+
° ° d50+

° ° °
HMB2 2–5 d50+ d50+

° ° ° ° ° ° °
LT5.1 2–5 d50+ d50+

° d50+
° ° d50+ d50+

°
M19 3–6 d50+ d50+

° d50+
° ° ° ° °

MEWO 3–4 d50+ d50+ d50+
° ° ° ° ° °

T8 3–6 d50+ d50+
° d50+ d50+

° ° d50+
°

VUP 4–9 d50+ d50+ d50+
° ° ° ° ° d50+

Metastatic melanoma cases
33 2–6 d ° ° ° ° ° ° ° °
34 2 ° ° ° ° ° ° ° ° °
35 2–3 d ° ° ° ° ° ° ° d
36 2 d ° ° ° ° ° ° ° °
37 2–4 d d ° ° ° d ° ° °
38 2–3 d ° ° ° ° ° ° ° °
39 3–4 d d d ° ° ° ° ° °
40 2–5 d d ° ° d ° ° ° °
41 2–4 d ° ° ° ° ° ° ° d
42 2–3 ° ° ° ° d ° d d °
43 2–5 d d ° ° ° ° ° ° °
44 2–3 d d ° ° ° ° d ° °
45 2–4 d d ° ° ° ° ° ° °
46 2–4 d d d ° ° ° d ° °
47 2–6 d ° ° ° ° d d ° °
48 4–6 d ° ° ° ° ° ° ° °
49 4–7 d ° ° ° ° d d ° °
50 2–3 ° ° ° ° d ° ° ° °
51 2–5 d d d ° d ° ° ° °
52 2–6 d ° ° ° d ° ° ° °
53 2–3 d d ° ° ° ° ° d °
54 4–6 d ° ° ° ° ° ° ° °
55 2 d d d ° ° ° ° ° °
56 2 d ° ° ° ° ° ° ° d
57 2–6 d d d ° ° ° ° ° °
58 2–3 d ° ° ° ° ° ° ° °
59 2–5 d ° ° ° d ° ° ° °
60 2–3 d ° ° d ° ° ° ° °
61 2–6 d d d ° ° ° ° ° °
62 5–7 d d ° ° ° d ° ° °
63 3–7 d d d ° ° ° ° ° °
64 2–3 d ° ° ° ° ° ° ° d
Nodular melanoma cases
17 2 ° ° ° ° ° ° ° d °
18 2 d ° ° ° ° ° ° ° d
19 2 d ° ° ° ° ° ° ° °
20 2–3 d d ° ° ° ° ° ° °
21 2–4 ° ° ° ° ° ° ° d °
22 2–5 ° ° ° ° ° ° ° ° °
23 2–3 ° ° ° d ° ° ° d °
24 2 d ° ° ° ° ° ° ° °
25 2 d ° ° ° ° ° ° ° °
26 2–4 d ° ° ° ° ° ° ° °
27 2–3 d ° ° ° ° ° ° d °
28 2–3 ° ° ° ° ° ° ° ° d
29 2–5 d d ° ° ° ° ° ° °
30 2–4 d ° ° ° ° ° ° ° °
31 2–3 d ° ° ° ° ° ° ° °
32 2 ° ° ° ° ° ° ° ° °

Superficial spreading melanoma cases
1 2 ° ° ° ° ° ° ° ° °
2 2 ° ° ° ° ° ° ° ° °
3 2 ° ° ° ° ° ° ° ° °
4 2–3 ° ° ° ° ° ° d d °
5 2 ° ° ° ° ° ° ° ° °
6 2 ° ° ° ° ° ° ° ° °



glands were used as controls. All used YAC DNA
probes, the subtelomeric probe D1Z2, and the centro-
meric probe showed an expected number of signals in
peripheral blood lymphocytes and fibroblasts of the skin
from healthy donors. Single and cohybridization experi-
ments were carried out. The frequency of a trisomy
ranged between 0.2% and 0.9% (median 0.5%) and the
frequency of a monosomy ranged between 4.5% and
9.7% (median 7.1%). We defined the cut-off level for a
trisomy at 1% (median + 2 standard deviations) and for a
monosomy at 10% (median + 2 standard deviations). At
least 500 cells were analyzed for each donor and probe
combination. The YACs were judged to be nonchimeric
from this FISH analysis.

The frequency of a trisomy was lower than 1%, and
the frequency of a monosomy was lower than 15% in
isolated cells from paraffin sections of normal tonsils.
The frequency of a trisomy ranged between 0.1% and
0.8% (median 0.45%) and the frequency of a monosomy,
between 6.5% and 13.1% (median 9.2%). We defined the
cut-off level for a trisomy at 1% (median + 2 standard
deviations) and for a monosomy at 15% (median + 2
standard deviations). We analyzed 200–500 cells for
each sample and probe combination.

FISH on melanoma cell lines and isolated cells
from paraffin sections of melanomas

In the hybridization experiments, either a combination
of one YAC DNA probe and the centromeric probe of
chromosome 1 or a combination of the subtelomeric
probe in 1p36 and the centromeric probe was used to al-
low direct evaluation of deletions in chromosome 1. The
percentage of aberrant cells in the tumor samples varied
between 52% and 88% (in NM and SSM on average
62%, in MT 78%). If a deletion was detectable, only
one chromosome 1 remained normal, even in cells with
three or more signals for the centromeric region of chro-
mosome 1 (with the exception of the cell lines). The de-
letion was mostly restricted to one of the regions ana-
lyzed, YAC probes from 1p36 and 1p32 being deleted in
the cell line T8 only. The results are summarized in
Table 1.
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Table 1 Continued

Cell lines No. 1 D1Z2 1p36 1p32 1p31 1p21

956G5 783H7 406H3 928A10 965F9 835B8 963G1 968G8

7 2 ° ° ° d ° ° ° ° °
8 2 ° ° ° ° ° ° ° ° °
9 2 ° ° ° ° ° ° ° ° °

10 2 ° ° ° ° ° ° ° ° °
11 2 ° ° ° ° ° ° ° ° °
12 2–3 ° ° ° ° ° ° ° ° °
13 2 ° ° ° ° ° ° ° ° °
14 2–4 ° ° ° ° ° ° ° ° °
15 2–4 ° ° ° ° ° ° ° d °
16 2 ° ° ° ° ° ° ° ° °

Fig. 2 Metaphase spread of the cell line DX3 after hybridization
with the YAC DNA probe 783H7 in 1p36 (green signals) and the
DNA probe D1Z1 (centromeric region of chromosome 1, red sig-
nals). The arrows point to the two normal chromosomes 1 (with
one red and one green signal) and the arrowheads point to the two
chromosomes 1 with a deletion in 1p36 (only a red signal)
Fig. 3 Isolated interphase cells of paraffin-embedded tissue from
a nodular melanoma (case 27) after hybridization with the YAC
DNA probe 963G1 in 1p31 (green signals) and D1Z1 (centromer-
ic region of chromosome 1, red signals). The cell has three red
signals (for three copies of chromosome 1), but only one green
signal for the region 1p31



The highest frequency of deletions could be found in
the cell lines. Not only the subtelomeric probe D1Z2 but
also the YAC DNA probe 956G5 from 1p36 showed de-
letions in all cell lines. In three cell lines an additional
deletion with 783H7 was demonstrable (Fig. 2). In addi-
tion, in three cell lines deletions in 1p31 occurred, in
three cell lines deletions in 1p32, and in one cell line de-
letions in 1p21. In general, the results in the cell lines
were rather heterogeneous and only deletions found in at
least 50% of the analyzed cultured cells were mentioned.

Metastatic melanomas also showed a high percentage
of deletions, especially of the locus D1Z2 (91%) and the
YAC DNA probe 956G5 hybridizing to 1p36 (44%). We
were never able to demonstrate a deletion with this YAC
DNA probe unless there was a deletion of the locus
D1Z2. Furthermore, deletions of the more centromeric
YAC DNA probe 783H7 occurred only in MT with dele-
tions of the YAC 956G5. Deletions with the other YAC
DNA probes were detected less frequently (in 1p32 in
22%, in 1p31 in 25% and in 1p21 in 13%).

In nodular melanoma, deletions other than in D1Z2
were found in much lower percentages of cases. About
half of the samples showed aberrations with the subtelo-
meric DNA probe, but deletions with the YAC DNA
probes from 1p36 occurred only in 9%, deletions in 1p32
in only one sample, in 1p31 in 25% (Fig. 3), and in 1p21
in 13%. In SSM few deletions were detectable at all –
and none at all in 1p36. Deletions in 1p31 were seen in
13% of samples and deletions in 1p32 in 6%.

Discussion

Investigators working on many solid tumors have found
the short arm of chromosome 1 an interesting region.
Deletions of this chromosomal region have been
detected in tumors of the nervous system, lung cancer,
breast cancer, and germ cell tumors, and also in malig-
nant melanoma of the skin [10, 11, 14]. Especially the
subtelomeric region around the locus D1Z2 has proved
to be a major site of rearrangements in these tumors. The
importance of this region has been underlined by the
finding of such candidate tumor suppressor genes as p73
[15], the human Kruppel-related 3 zinc finger gene [21],
and PITSLRE [17], or genes involved in cell division
control, such as the p58 protein kinase [6] and apoptosis
(DFFA, [18]) in 1p36. One or a number of these genes
may be involved in the pathogenesis of one or all of the
solid tumors mentioned above.

Up to 60% of melanomas showed rearrangements of
the whole of chromosome 1 according to Heim and
Mitelman [11]. In previous FISH studies of malignant
melanomas, however, our results show a higher frequen-
cy of aberrations at chromosome 1. We found a subtelo-
meric deletion in 1p36 with the repetitive DNA probe
D1Z2 in 60% of nodular melanomas [29] and in 88% of
metastatic melanomas [28]. To investigate the impor-
tance and the dimension of the deletion in 1p36, we used
two YAC DNA probes of 1p36, one of them hybridizing

in the proximal neighborhood of D1Z2 and the other
more centromeric, and six other YAC clones from 1p32,
1p31 and 1p21 to determine the deletion status of malig-
nant melanoma.

We were able to demonstrate deletions of all investi-
gated regions in all analyzed tumors samples. In general,
deletions in 1p36 were the most frequent, and loss of
chromosomal material in 1p21 occurred only rarely.
With increasingly malignant behavior in melanoma from
SSM through NM and to metastases, which are the final
step in tumor progression, the frequency of deletions
also increased. This is in accord with the results of Dra-
copoli et al. [5] and Parmiter and Novell [26] for malig-
nant melanoma of the skin, although in other solid tu-
mors this deletion has also been connected with the onset
of tumor development [3]. Since the deletion in 1p36 oc-
curs in nearly all metastases and even in metastatic tu-
mors derived from SSM, while the tumor of origin never
showed this aberration, it could well reflect an important
event in the development of metastatic behavior of mela-
noma cells [34].

We were able to demonstrate that loss of chromosom-
al material in 1p36 is mostly restricted to a rather small
region between the locus D1Z2 and the region of the
STS D1S160. This finding increases the possibility that
one of the above candidate tumor suppressor genes is af-
fected by the deletion, because the location of the gene
p73 has been defined recently as between D1Z2 and
D1S47 [20] – a region that is covered by the YAC clone
956G5.

Deletions in 1p31 in malignant melanoma have been
described rather seldom so far in cytogenetic studies (3
out of 51 tumor samples by Thompson et al. [32]). Most-
ly, aberrations in 1p31 were part of greater deletions or
translocations extending to 1p21 [36]. In this study, dele-
tions seem to be restricted predominantly to 1p31, be-
cause we could not demonstrate a loss of signals from
YAC probes 963G1 (or 835B8, 965F9) and 968G8 hy-
bridizing to 1p21 in any of our cell lines or tumor sam-
ples. In addition, only in one cell line and three MT were
all three YAC probes from 1p31 deleted, and in the ma-
jority of cells the deletion was limited to sequences de-
tectable with 963G1. The difference between our results
and those in the literature might be explained by the sen-
sitivity of FISH detecting smaller deletions than conven-
tional banding techniques. Dracopoli et al. demonstrated
LOH in this region in 23% of samples analyzed, espe-
cially in metastatic melanoma [5]. LoH in 1p31 has also
been found in other solid tumors, including breast cancer
[13, 23], neuroblastoma [2] and male germ cell tumors
[22]. Several genes have been reported to map on chro-
mosome 1p31-p32, including the potential tumor sup-
pressor genes VCAM-1 [24] and p18 [9].

Although aberrations concerning 1p21–p22 have fre-
quently been reported in malignant melanoma [19, 33],
the two other investigated regions in 1p21 and 1p32
played only a minor role in our study. This could have
been due to the choice of the YAC clones. The region of
interest could be smaller than the chosen YAC clone, or
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the deleted sequence and the YAC probe might overlap
only partly. FISH studies with other YAC clones and
cosmid probes hybridizing in this region could provide
more information about the deleted sequences in 1p21.

In conclusion, our results indicate that a deletion in
1p36 occurs more often than previously described, but it
is restricted to a rather small region around the locus
D1Z2. An involvement of the candidate tumor suppres-
sor gene p73 might be possible, although recent investi-
gations of melanoma cell lines did not demonstrate any
mutations of this gene [16, 35]. DNA sequencing analy-
sis of primary tumor specimens should be done to find a
definite answer to this question. Regardless of which
gene or genes are lost due to this deletion, they could
harbor functions relevant to the emergence of the meta-
static capability of malignant melanoma.
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