
Abstract Malignant melanomas frequently show loss of
alleles on the long arm of chromosome 10. The PTEN
(MMAC1) gene has been identified as a tumour suppres-
sor gene at 10q23.3 that is mutated in various types of
advanced human cancers. We have investigated a series
of 40 sporadic melanomas from 37 patients (15 primary
cutaneous melanomas and 25 melanoma metastases) for
allelic losses on chromosome 10, as well as for deletion
and mutation of the PTEN gene. Microsatellite analysis
revealed loss of heterozygosity at loci located on 10q in
tumours from 15 of 34 patients investigated (44%). So-
matic PTEN mutations were identified in melanomas
from 4 of 37 patients (11%), all of whom had metastatic
disease. In two of these patients, the tumours had addi-
tionally lost one PTEN allele, indicating complete loss of
wild-type PTEN in the tumour cells. Our findings cor-
roborate that loss of heterozygosity on chromosome 10 is
a frequent aberration in malignant melanomas and impli-
cate PTEN as a tumour suppressor gene inactivated by
somatic mutation in a fraction of these tumours.
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Introduction

Cutaneous malignant melanomas have shown a dramatic
increase in both incidence and mortality over the past de-
cades [35]. The genetic principles that underlie the de-

velopment and progression of these tumours are only be-
ginning to emerge. Cytogenetic and molecular genetic
studies have revealed that a number of chromosomal and
genetic alterations are involved in melanoma pathogene-
sis (for review see [19]). A common alteration in sporad-
ic melanomas is the loss of genetic information on the
long arm of chromosome 10, which has been found in
between 30% and more than 60% of the cases [2, 14, 15,
18, 47]. The PTEN gene (“phosphatase and tensin homo-
logue deleted on chromosome ten”) [24], also known as
MMAC1 (“mutated in multiple advanced cancers”) [42]
or TEP1 [“transforming growth factor (TGF)β-regulated
and epithelial cell-enriched phosphatase”] [22], has been
identified as a tumour suppressor gene at 10q23.3. So-
matic mutations of PTEN have been detected in different
types of malignant tumours, including carcinomas of the
breast and prostate, and glioblastomas of the brain [24,
42]. In addition, germline mutations in the PTEN gene
have been shown to be responsible for Cowden’s dis-
ease, a hereditary syndrome predisposing to multiple
hamartomas and various tumours [26]. The most com-
mon malignant tumours associated with Cowden’s dis-
ease are carcinomas of the breast and thyroid gland [26].
However, individual patients with both Cowden’s dis-
ease and cutaneous melanoma have also been reported
[11, 40].

Recent studies have shown that the Pten protein is im-
portant in the regulation of cell cycle progression [10,
23], cell migration and spreading [44], and apoptosis [7,
25, 41]. The cell cycle regulatory and anti-apoptotic
functions appear to be closely linked to the function of
Pten as a negative regulator of the protein kinase B
(PKB/Akt) pathway [7, 25, 32, 41, 50]. The tumour sup-
pressor properties of Pten have been substantiated by the
finding that PTEN heterozygous (PTEN+/–) mice are
highly susceptible for the development of various types
of tumours [6, 31, 43]. In addition, PTEN+/– mice show
an impaired Fas-mediated apoptosis and may develop a
lethal autoimmune disorder [7].

With respect to the role of PTEN in sporadic malig-
nant melanomas, mutations or homozygous gene dele-
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tions have been detected in 15 of 35 melanoma cell lines
[12]. The current data on melanomas in vivo are contro-
versial: one study reported on PTEN alterations in 2 of
17 melanoma metastases [46], while other investigators
detected no mutations in a series of 23 primary melano-
mas and 17 melanoma metastases [3]. In order to further
evaluate the significance of chromosome-10 losses and
PTEN alterations in sporadic melanomas in vivo, we
have analysed 15 primary cutaneous melanomas and 25
melanoma metastases from 37 patients for allelic losses
on chromosome 10, as well as for deletion and mutation
of the PTEN gene. Our data confirm that loss of hetero-
zygosity on chromosome 10 is a common abnormality in
melanomas, which was detected in 44% of our cases. In
addition, we found somatic PTEN mutations in melano-
mas from four patients. Thus, our data indicate that mu-
tation of PTEN is an important molecular mechanism
contributing to the pathogenesis of a fraction of sporadic
melanomas.

Materials and methods

The 40 melanomas investigated were from 12 male and 25 female
patients (mean age at operation 67 years) operated on either at the
Department of Dermatology or the Department of Neurosurgery,
Heinrich-Heine University, Düsseldorf, Germany. From three pa-
tients, primary and metastatic tumours could be studied (M15 and
M16, M24 and M25, M29 and M63; Table 1). One patient had a
giant polypoid melanoma (M55) that originated from a congenital
nevus [9]. None of the patients had a family history of Cowden’s
disease. The tumours included 15 primary cutaneous melanomas
[8 nodular melanomas (NM), 4 acral lentiginous melanomas
(ALM), 2 superficial spreading melanomas (SSM), and 1 poly-
poid melanoma (PM)] and 25 melanoma metastases [18 cutane-
ous melanoma metastases (CMM), 1 regional lymph-node mela-
noma metastasis, 1 spinal and 5 intracerebral melanoma metastas-
es]. The Clark level and tumour thickness of the primary melano-
mas are listed in Table 1. Parts of each tumour were frozen imme-
diately after operation and stored at –80°C. Histological evalua-
tion of these tumour pieces showed an estimated tumour cell con-
tent of at least 60% in two specimens and 70% or more in the re-
maining specimens (Table 1). Peripheral blood samples for the
extraction of constitutive (leukocyte) DNA were available from
34 patients.

Extraction of high-molecular-weight DNA and RNA from fro-
zen tumour tissue was carried out by means of ultracentrifugation,
as described previously [16]. Extraction of high-molecular-weight
DNA from peripheral blood leukocytes was performed according
to a standard protocol [38]. From three tumours (M15, M16,
M37), DNA was additionally isolated from formalin-fixed paraf-
fin-embedded specimens after microdissection of areas with a high
tumour cell content (>90%). DNA from the microdissected speci-
mens was purified as described previously [34].

The following six microsatellite loci were selected from the
Généthon microsatellite map [13]: D10S249 (10p15-pter),
D10S215 (10q23, proximal to PTEN), D10S541 (10q23, distal to
PTEN), D10S209 (10q25), D10S587 (10q25-q26) and D10S212
(10q26). Polymerase chain reaction (PCR) was performed as de-
scribed previously [4, 5]. PCR products were separated on 10%
denaturing polyacrylamide gels containing 8 M urea and were vi-
sualised by means of silver staining. Assessment of allelic loss
was done as described previously [4]. An interstitial retention of
heterozygosity at D10S209 was found in tumour M37, and this
was confirmed by duplex PCR using primers for D10S209 togeth-
er with primers for either D4S413 or D4S1607 in the same reac-
tion tube (Fig. 1).

All tumours were screened for homozygous deletion of PTEN
using duplex PCR with genomic primer pairs for either exon 1 or
exon 9 [42], together with primers for the glyceraldehyde phos-
phate dehydrogenase (GAPDH) gene on 12p [5]. Duplex PCR was
performed with 100 ng genomic DNA as a template in 20 mM
Tris-HCl (pH 8.4), 50 mM KCl, 1.5 mM MgCl2, 0.2 mM each
dNTP, 0.5 µM each GAPDH primer, 0.5 µM each PTEN primer,
and 1 U Taq DNA polymerase (Eurogentec, Seraing, Belgium).
Three minutes of initial denaturation at 94°C and 27 cycles of
1 min at 94°C, 1 min at 56°C and 1 min at 72°C were followed by a
final extension at 72°C for 5 min. To assure that the PCR products
were obtained in the exponential phase, PCR reactions with differ-
ent cycle numbers (from 25 to 30 cycles) were performed. Twen-
ty-seven cycles turned out to be optimal. The PCR products were
separated on 2% agarose gels and ethidium bromide-stained bands
were recorded by the Gel-Doc 1000 system (Bio-Rad Lab., Hercu-
les, Calif.). Quantitative densitometric analysis of the signal inten-
sities obtained for the target gene (PTEN) and the reference locus
(GAPDH) was performed using the Molecular Analyst version 2.1
software (Bio-Rad). Densitometrically determined ratios of 1.6 or
more were regarded as retention of two gene copies, ratios be-
tween 0.7 and 1.5 as loss of one gene copy and ratios of less than
0.6 as loss of both gene copies.

For single-strand conformation polymorphism (SSCP) analysis,
3 µg total RNA from each tumour was reverse transcribed into
cDNA in a total volume of 50 µl using random hexanucleotide
primers and Superscript reverse transcriptase (Gibco BRL, Eggen-
stein, Germany). The entire coding region of PTEN was then am-
plified using reverse-transcription PCR with a set of seven overlap-
ping primer pairs, as described previously [5]. The PCR products
were screened for mutations after electrophoresis on 8% non-dena-
turing polyacrylamide gels [5]. Each PCR product was analysed at
room temperature and at 4°C. The SSCP band patterns were visual-
ised by silver staining of the gels. PCR products with aberrant
SSCP patterns were sequenced in both directions by manual se-
quencing using the USB Sequenase PCR product sequencing kit
(Amersham Life Sciences, Cleveland, Ohio.). All tumours showing
PTEN mutations at the transcript level, as well as one melanoma
from which no RNA was available (M48), were analysed for muta-
tions at the genomic level using primers described by Steck et al.
[42]. The somatic origin of the PTEN mutations was confirmed by
sequencing of leukocyte DNA from the respective patients.

Results

Analysis of six highly polymorphic microsatellite loci
from chromosome 10 revealed loss of heterozygosity
(LOH) at one or more loci in 16 tumours from 15 pa-
tients (Table 1, Fig. 1). No instance of microsatellite in-
stability was seen. Allelic loss was found in six primary
melanomas (2 of 8 NM, 2 of 4 ALM, 1 of 2 SSM and 1
of 1 PM) and ten melanoma metastases. In three instanc-
es, primary and metastatic tumours from the same pa-
tient could be investigated for allelic loss. In each case,
the metastases showed identical allelic losses or reten-
tions as the respective primary melanomas. One tumour
(M47) demonstrated retention of both alleles at D10S249
(10p15-pter) but allelic loss at all informative markers
from 10q. Another tumour (M37) showed LOH at all in-
formative loci except for an interstitial retention of het-
erozygosity at D10S209 (10q25). In order to exclude the
possibility of homozygous deletion at D10S209, we per-
formed two independent duplex-PCR reactions using
primers for D10S209 together with primers for either
D4S413 or D4S1607. These experiments confirmed re-
tention of heterozygosity at D10S209 in M37 (Fig. 1).
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Fourteen tumours showed LOH at all informative loci,
suggesting loss of an entire copy of chromosome 10. The
polypoid melanoma M55 showed LOH at all informative
loci from 10q, while the congenital nevus from which
M55 originated had generally retained heterozygosity on
10q (data not shown).

Duplex-PCR analysis of PTEN copy number revealed
reduced signal intensities for exons 1 and 9 correspond-

ing to the loss of one gene copy in all 16 tumours with
LOH on 10q (Table 1). In addition, two further tumours,
M26 and M33, which were not investigated using micro-
satellite analysis (because no corresponding constitution-
al DNA was available) showed loss of one PTEN copy
using duplex-PCR analysis (Table 1). None of the 40
melanomas investigated showed evidence of homozy-
gous PTEN deletion by duplex-PCR analysis (Table 1).
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Table 1 Summary of patient data and molecular genetic results.
ALM acral lentiginous melanoma; SSM superficial spreading
melanoma; NM nodular melanoma; PM polypoid melanoma;
CMM cutaneous melanoma metastasis; l.n. MM lymph-node

melanoma metastasis; spinal MM spinal melanoma metastasis; i.c.
MM intracerebral melanoma metastasis; n.a. not analysed; ins
insertion; del deletion; dupl duplication

Tumour- Tumour Clark level/ Age Gender Localization Tumour LOH on PTEN PTEN mutation
No.a type thickness cell chromo- copy

(mm) content (%) some 10b numberc

M5 ALM IV/4.0 68 Female Plantar 70 – 2 –
M13 ALM III/1.4 67 Female Plantar 60 + 1 –
M15 ALM IV/5.5 80 Female Plantar >90d + 1 c.164ins45

(dupl. exon 3)
M48 ALM IV/1.7 75 Female Plantar 70 – 2 –
M21 SSM IV/1.7 55 Female Leg 80 – 2 –
M37 SSM IV/1.1 87 Female Neck >90d + 1 –
M9 NM IV/4.5 70 Male Leg 70 – 2 –
M12 NM IV/3.9 74 Female Shoulder 80 – 2 –
M19 NM V/4.6 75 Female Leg 90 – 2 –
M24 NM IV/4.9 57 Female Foot 80 – 2 c.1002–1003CC>TT

(R335X)
M29 NM IV/2.9 29 Female Abdomen 80 – 2 –
M39 NM IV/6.0 68 Male Abdomen 80 + 1 –
M47 NM IV/2.2 72 Female Neck 80 + 1 –
M54 NM IV/1.5 77 Male Shoulder 70 – 2 c.730C>T (P244S)
M55 PM V/35 64 Female Abdomen 90 + 1 –
M1 CMM – 65 Male Chest 90 – 2 –
M2 CMM – 63 Female Leg 80 – 2 –
M3 CMM – 85 Female Scalp 80 – 2 –
M4 CMM – 72 Female Leg 80 – 2 –
M10 CMM – 78 Female Inguinal 80 + 1 –
M14 CMM – 66 Male Arm 80 – 2 –
M16 CMM – 80 Female Plantar >90d + 1 c.164ins45

(dupl. exon 3)
M17 CMM – 71 Male Supraclavicular 70 – 2 –
M18 CMM – 59 Female Abdomen 90 – 2 –
M23 CMM – 86 Female Labia majora 80 – 2 –
M25 CMM – 57 Female Leg 60 – 2 c.1002–1003CC>TT

(R335X)
M26 CMM – 69 Female Chest 80 n.a. 1 –
M38 CMM – 83 Female Leg 80 + 1 –
M45 CMM – 40 Male Leg 80 + 1 –
M46 CMM – 63 Female Abdomen 80 n.a. 2 –
M50 CMM – 88 Female Leg 70 + 1 –
M63 CMM – 31 Female Back 90 – 2 –
M64 CMM – 72 Male Axilla 90 – 2 –
M11 l.n. MM – 43 Male Axilla 80 – 2 –
M32 spinal MM – 76 Female Spinal 80 + 1 –
M33 i.c. MM – 69 Male Cerebral 80 n.a. 1 –
M34 i.c. MM – 53 Female Cerebral 90 + 1 –
M35 i.c. MM – 76 Female Cerebral 70 + 1 –
M36 i.c. MM – 60 Male Cerebral 80 + 1 c.843–850delAGGACCAG

(frame shift)
M44 i.c. MM – 72 Male Cerebral 90 + 1 –

a From three patients, the primary melanoma and a cutaneous
melanoma metastasis were investigated (M15 and M16, M24 and
M25, M29 and M63)
b + loss of heterozygosity (LOH) at one or more loci from
chromosome 10; – retention of heterozygosity at all informative
loci from 10q

c PTEN gene copy number as calculated by duplex PCR for exon 1
and exon 9: 2 two gene copies; 1 one gene copy (hemizygous
deletion)
d Estimated tumour cell content of the microdissected tumour
areas used for LOH analysis



Mutational analysis of the entire coding region of
PTEN at the transcript level revealed mutations in tu-
mours from four patients, all of whom had metastatic
disease (Table 1). In two of these patients, identical mu-
tations were found in the primary tumours and the re-
spective metastases. The PTEN alteration detected in
melanomas M24 and M25 was a CC-to-TT transition at
nucleotides 1002–1003 (nucleotide numbering from the
transcriptional start site, GenBank accession number
U93051), resulting in the introduction of a premature
stop codon at codon 335 (Fig. 2a, b). The same mutation
(c.1002–1003CC>TT: R335X) was found after sequenc-
ing genomic DNA from tumours M24 and M25, while
the patient’s constitutional DNA showed the wild-type
sequence. Tumours M15 and M16 expressed aberrant
transcripts carrying an in-frame duplication of exon 3
(c.164ins45, Fig. 2c, d). Sequence analysis of these tu-
mours at the DNA level revealed no mutations in the
limited intronic regions flanking exon 3 that could be
analysed using the available primers. In tumour M54,
one PTEN allele carried a somatic missense mutation
that resulted in the substitution of proline by serine at co-

don 244 (c.730C>T: P244S; Fig. 2e–g). An 8-bp dele-
tion in exon 8 (c.843–850delAGGACCAG) was found in
tumour M36. This mutation resulted in a frame shift and
the introduction of a premature stop codon 13 codons
downstream of the mutation site. Sequencing of this pa-
tient’s constitutional DNA showed the wild-type se-
quence.

Discussion

The frequency of LOH on chromosome 10 determined
for our series of melanomas (44%) corresponds well
with several previous investigations showing allelic loss
on this chromosome in 30–50% of the cases [14, 15, 17,
18, 47]. A study employing comparative genomic hy-
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Fig. 1 Microsatellite analysis for loss of heterozygosity (LOH) on
chromosome 10 in melanomas. Shown are results obtained for
M15 and M16 (primary and metastatic melanoma from one pa-
tient), M36 and M37. T tumour DNA; B corresponding blood (leu-
kocyte) DNA. Microsatellite analysis of M15, M16 and M37 was
performed with DNA isolated from microdissected tumour areas.
Note that M15, M16 and M36 demonstrated LOH at all informa-
tive markers. These tumours also carried PTEN mutations in the
remaining allele. Tumour M37 had retained heterozygosity at
D10S209, while all informative loci located proximally and distal-
ly showed LOH. To confirm an interstitial retention of heterozy-
gosity at D10S209, this marker was amplified in a duplex-poly-
merase chain reaction together with a reference locus (D4S413).
Arrows indicate lost alleles in the tumour DNA. M15 and M16 are
not informative at D10S215

Fig. 2 Mutational analysis of PTEN in malignant melanomas
from three patients. a Single-strand conformation polymorphism
(SSCP) analysis of PTEN transcripts from M24 and M25 demon-
strated an aberrant band pattern (arrows) relative to M35. b Se-
quencing revealed a CC-to-TT transition at nucleotides
1002–1003 (arrow), resulting in the introduction of a premature
stop codon at codon 335 (c.1002–1003CC>TT: R335X). c SSCP
analysis of M15 and M16 showed an aberrant band pattern relative
to M17 (arrows). d These tumours carried an insertion of 45 bp,
corresponding to exon 3 at nucleotide 164, i.e. an in-frame dupli-
cation of exon 3. The arrows indicate the start point of the inser-
tion. The sequence of the non-coding strand is shown. e Aberrant
SSCP bands detected for PTEN transcripts in tumour M54 (ar-
rows). f M54 showed a missense mutation (c.730C>T, arrow) that
resulted in the substitution of the conserved amino acid proline by
serine at position 244. g At the genomic level, SSCP for exon 7
detected aberrant bands only in the tumour DNA of M54 (arrows)
but not in the corresponding leukocyte DNA



bridisation (CGH) for the analysis of cutaneous melano-
mas reported a somewhat higher incidence of 63% for
deletions involving chromosome 10 [2]. We found allelic
losses on chromosome 10 in both primary melanomas
and melanoma metastases. Among the primary tumours,
LOH was detected in all subtypes, i.e. NMs, ALMs,
SSMs and PMs. There was no obvious correlation to tu-
mour thickness or Clark level. However, our tumour se-
ries did not include melanomas of Clark levels I or II,
since these lesions are usually required in toto for estab-
lishment of the histological diagnosis.

Mutational analysis of the PTEN tumour suppressor
gene revealed mutations in melanomas from 4 of the 37
patients investigated (11%). This result is in line with da-
ta reported by Tsao et al. [46], who identified PTEN al-
terations in 2 of 17 metastatic melanomas (12%). The ac-
tual percentage of melanomas with PTEN aberrations is
probably somewhat higher, because SSCP analysis may
have missed some mutations. The sensitivity of SSCP
analysis in detecting single base substitutions has been
shown to range from 97% for fragments of 150 bp to
about 70% for fragments of 250 bp [39]. We estimate
that our SSCP analysis with PCR products ranging from
185 bp to 266 bp in size [5] detects about 75% of the
PTEN mutations present. Nevertheless, it appears that
PTEN alterations are less frequent in primary and meta-
static melanomas in vivo than in melanoma cell lines.
Two previous studies have investigated melanoma cell
lines for PTEN aberrations and identified mutations or
homozygous deletions in 43% and 29% of the cell lines
investigated [12, 46]. The most likely explanation for
this difference is that in vitro cultivation of melanomas
selects for tumour cells having inactivated PTEN by ho-
mozygous deletion or mutations. In line with this as-
sumption, Robertson et al. [36] reported that introduction
of a normal chromosome 10 into PTEN mutant melano-
ma cells results in in vitro LOH at 10q23 and concomi-
tant loss of the introduced wild-type PTEN gene.

Two of the PTEN mutations detected in our tumour
series predict the expression of truncated proteins. One
intracerebral melanoma metastasis showed an 8-bp intra-
genic deletion causing a frame shift and the introduction
of a premature stop codon within exon 8. A CC-to-TT
transition leading to the replacement of arginine at codon
335 by a stop codon (resulting in a protein lacking 68
amino acids from the C terminus) was found in the pri-
mary and metastatic tumour of another patient. This type
of mutation has been reported as a typical alteration fol-
lowing ultraviolet irradiation of DNA [45]. Both truncat-
ing mutations translate into proteins lacking parts of the
C-terminal C2 domain [21]. This domain is important for
the association of Pten with the plasma membrane, and
mutations within this domain have been shown to reduce
Pten’s ability to suppress tumour cell growth [21]. A du-
plication of exon 3, which codes for a highly conserved
part of the Pten protein with extensive homology to aux-
ilin and tensin [22, 24, 42], was found in another pa-
tient’s primary (M15) and metastatic melanoma (M16).
We have previously reported on duplications of entire

coding exons in two glioblastomas [5]. In one of these
tumours, a mutation in the intronic branch site consensus
sequence was found, while no intronic mutations were
identified in the second case. Analysis of the intronic
splice sites and intronic regions flanking exon 3 showed
no sequence alterations in tumours M15 and M16. The
missense mutation identified in tumour M54 results in a
substitution of proline at position 244 by serine. This
mutation maps within the C2 domain and, thus, likely
causes conformational changes that compromise the
proper function of Pten.

The fact that PTEN mutations were detected in malig-
nant melanomas from only 2 of 15 patients carrying tu-
mours with losses on 10q is striking and deserves further
investigation. One possibility is that the loss of one
PTEN allele (without alteration of the second allele) is
sufficient to provide a selective growth advantage to
melanoma cells. In line with this hypothesis, a recent
study on PTEN heterozygous mice revealed that inacti-
vation of one PTEN allele increases survival and prolif-
eration of certain cell types [7]. In addition, it remains to
be investigated whether PTEN is inactivated in melano-
mas by mechanisms other than coding region mutations
or homozygous deletion, e.g. transcriptional silencing by
mutation or hypermethylation of promotor sequences,
mutation of non-coding sequences that reduce mRNA
stability, or increased protein degradation. Studies on
other human tumour types have suggested that loss of
Pten expression is an alternative mechanism to PTEN
mutation or homozygous deletion in subsets of breast
[30] and prostate [49] carcinomas.

Finally, one or more additional, yet unknown, mela-
noma-associated tumour suppressor gene(s) may be lo-
cated on chromosome 10. Unfortunately, neither our mi-
crosatellite data nor previous LOH analyses of melano-
mas [14, 15, 17, 18, 47] have revealed a consistent re-
gion of common deletion that does not involve the PTEN
locus. A cytogenetic study reported translocations with
breakpoints at 10q24 and 10q25 in two malignant mela-
nomas, suggesting alteration of one or more genes distal
to PTEN [29]. Supporting this hypothesis, studies on
other human tumour types, including glioblastomas,
prostate carcinomas and endometrial carcinomas, have
revealed common regions of deletion mapping to 10q24-
q26, i.e. distal to the PTEN locus [1, 20, 28, 33]. One
candidate gene located at 10q24-q25 is MXI1, which en-
codes a basic helix-loop-helix protein of the Mad protein
family that can counteract the function of Myc oncopro-
teins as transcriptional activators [48, 51]. Mutations of
MXI1 have been reported in prostate carcinomas [8]. An-
other putative tumour suppressor gene, designated
DMBT1, has been cloned from 10q25.3-q26.1 and re-
ported to carry intragenic homozygous deletions in glio-
blastomas and medulloblastomas [27]. Since neither
MXI1 nor DMBT1 have been thoroughly investigated in
melanomas, it is currently unknown whether one of these
genes is altered in these tumours. A recent study sug-
gested that a further melanoma-associated tumour sup-
pressor gene is located on 10p15.3 [37]. Thus, the com-
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bined loss of 10q23 (PTEN) and 10p15.3 may provide a
significant growth advantage over an individual loss of
either region, thereby explaining the frequent finding of
monosomy 10 in melanomas.

In conclusion, our findings corroborate that mutation
of PTEN represents an important genetic alteration in a
subset of malignant melanomas. However, the frequency
of PTEN alterations in melanomas in vivo appears to be
lower than in melanoma cell lines. The absence of de-
tectable PTEN mutations and homozygous deletions in
the majority of tumours with chromosome 10 losses rais-
es interesting hypotheses that need to be addressed in
further studies: (i) loss of a single PTEN allele may al-
ready provide a selective growth advantage to melanoma
cells due to PTEN haploinsufficiency, (ii) complete inac-
tivation of PTEN in melanomas may be achieved by
mechanisms other than coding region mutations or ho-
mozygous gene deletions and (iii) one or more addition-
al, not yet identified, melanoma-associated tumour sup-
pressor gene(s) may be located on chromosome 10.
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