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Abstract We have analyzed the Ha-ras, Ki-ras and N-ras
gene for point mutations at codons 12, 13 and 61 via
restriction  fragment length polymorphism/polymerase
chain reaction analysis and subsequent direct sequencing
in non-cultured fresh-frozen tissues of 16 superficial
spreading melanomas (SSM), 13 nodular malignant mela-
nomas (NMM), 2 lentigo malignant melanomas (LMM), 1
dysplastic nevus, 1 congenital nevus and 5 normal nevi
from 38 patients. Mutations were found in 4 melanoma
samples, all belonging to the nodular malignant type. Three
of them were mutated in N-ras and one in the Ha-ras gene.
Mutation in N-ras was also detected in the congenital
nevus. All mutations were exclusively located at the first
two base pairs of codon 61. No Ki-ras mutation was
detected in any lesion. No mutation could be found in
SSM and LMM in addition to dysplastic and normal nevi.
The frequency of ras mutation in NMM was 31%, whereas
in SSM it was 0%. Our study suggests (a) an association
between ras mutations (mainly N-ras) and the NMM as a
subgroup of human melanoma; (b) that activation of Ki-ras
is not involved in the pathogenesis of melanoma. The role
of UV radiation in point mutations of ras genes in human
melanoma is discussed.
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Introduction

The evolution of malignant melanoma is thought to be a
multi-step process, in which a series of genetic and epige-
netic events lead to the emergence of a cell clone that has
escaped the normal growth control mechanisms. Principal
candidates involved in these events are the members of the
ras oncogene family, which all encode 21-kDa GTPase
proteins (p21), which are related structurally, functionally
and immunologically (Bos 1988). Mutation of Ha-, Ki-, and
N-ras genes in human melanoma has previously been
reported and evidence has accumulated, that the N-ras
gene, preferentially mutated at the 61Ist codon, is the
predominant ras gene activated in malignant melanoma.
The exact role of the ras oncogene in the pathogenesis of
malignant melanoma remains unclear, particularly because
of extreme variations published mutation frequencies
(Raybaud et al. 1988; Albino et al. 1989; van’t Veer et al.
1989; Schrier et al. 1991; O’Mara et al. 1992). Concerning
the participation of the Ki-ras gene in human melanoma,
published results are conflicting (Shukla et al. 1989; Albino
et al. 1991). We have analyzed the Ha-ras (Sekiya et al.
1984), Ki-ras (Mc Grath et al. 1983) and N-ras genes (Hall
and Brown 1985) at codons 12, 13 and 61 for point
mutations by restriction fragment length polymorphismy/
polymerase chain reaction (RFLP-PCR) (Todd et al. 1991)
and subsequent sequencing. This method represents a rapid
and reliable alternative to the commonly used PCR-based
oligodeoxynucleotide hybridization technique. Its high level
of sensitivity has been further increased in our laboratory by
a technical modification (Papp et al. 1993).

In order to prevent inconsistent results because of
possible secondary genetic alterations in cultured cell
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lines, we exclusively used fresh and snap-frozen tumor
samples derived from surgical resections.
In summary our resuits are considered under the follow-
ing headings:
1. Frequency of ras mutations in melanoma and normal
tissue
2. Comparison of ras mutation frequencies in Ha-ras, Ki-
ras and N-ras genes
3. Association of ras mutations to a specific subset of
melanoma
4. Association of ras mutations with extent of sun exposure.
According to the enormous heterogeneity in the biologi-
cal features of human melanoma, the identification of
specific melanoma subtypes by PCR screening, could help
to generate more efficient diagnosis and therapy strategies in
particular cases.

Materials and methods

Tissue samples

Snap-frozen tumor samples of 18 human primary malignant melanomas
(14 superficial spreading melanoma, SSM, and 4 nodular malignant
melanoma, NMM), 13 metastases (originating from 2 SSM, 9 NMM
and 2 lentigo malignant melanoma, LMM), 1 dysplastic nevus, 1
congenital nevus and 5 normal nevi from 38 patients originating from
surgical resections obtained from the Dermatology Department of the
University Hospital of Wiirzburg.

DNA preparation

Tumor samples were crushed to powder under liquid nitrogen by a
sterile pestle and mortar. High-molecular-mass genomic DNA was
extracted by incubating the minced tissue for 20 h at 50 °C in 2 ml
TE buffer (10 mM TRIS, pH 8, 0.1 mM EDTA) containing 100 pl 20%
sodium dodecy! sulfate (SDS) and 100 pl of proteinase K solution
(10 mg/ml), followed by two phenol/chloroform extractions and a
subsequent chloroform extraction (Davies et al. 1986). The volume
was reduced to 200 pl under vacuum in a Speedvac Concentrator
(Uniequip). Finally, the DNA was precipitated with 0.1 volume of 3 M
sodium acetate (pH 6) and 2.5 volumes of 100% ethanol, washed with
70% ethanol and resuspended in an appropriate volume of sterile,
deionized and distilled water.

Electroelution

In order to remove PCR-inhibiting elements, 10 pg genomic tumor
DNA was run on a 1% agarose gel in 1 x TAE buffer (40 mM TRIS,
pH 7.2, 20 mM acetic acid, 1 mM EDTA) for 2 h at 80 mA. High-
molecular-mass DNA was excised and electroeluted (HSB Elutor,
Biometra) with 1 x TAE buffer for 1 h at 100 V and trapped in 70 pl
3 M sodium acetate (pH 6). Salts were removed by washing three times
with 1.5 ml sterile, deionized and distilled water in Centricon 30
Concentrators (Amicon) at 5000 g in a 34 ° angle rotor. The purified
DNA (40 pl) was stored at —20 °C.

General PCR conditions

All PCRs were performed in a 100 pl volume according to standardized
basic conditions (Erlich 1989) containing 50 mM KCI, 10 mM TRIS/
HCI (pH 8.4 at room temperature), 1.5 mM MgClz, 100 ug/ul gelatin,
200 UM each deoxynucleotide triphosphate (dATP, dCTP, dGTP, dTTP)
and 2.5 units Taq polymerase, using varying amounts of template and

primers. Samples were denatured for 3 min at 95 °C, incubated for 35
cycles (one cycle: 1 min at 94 °C, 1 min at 55 °C, 1 min at 72 °C) and
finally extended for 7 min at 72 °C. Amplification was performed using
a DNA thermal cycler (Perkin Elmer).

All primers were synthesized by the oligonucleotide synthesizer
Gene Assembler Plus under conditions recommended by the supplier
(Pharmacia).

RFLP-PCR primers

The nucleotide sequence of all primers in conjunction with the
respective screening strategy are described in Table 1 (N-ras, Ki-ras)
and Table 2 (Ha-ras).

Preamplification

In order to increase the amount of material available for examination,
1 ul electroeluted and purified genomic tumor DNA was preamplified
with 300 ng amplification primers for exons 1 and 2 of the N-ras and
Ki-ras genes respectively (Table 1). For the Ha-ras gene we have
recently described endogenous restriction sites that can detect all
possible activating point mutations without the necessity of using
mismatch primers (Papp et al. 1992) (Table 2). Sense oligo-HS5"12
and antisense oligo-H3'61 were used for simultaneous amplification of
exons 1 and 2. In this case the resulting 555-base-pair (bp) fragment was
used as the preamplification product. 10% of the preamplification
product along with positive and negative controls and the 123-bp
ladder, as a marker, were evaluated by gel electrophoresis on a 1%
agarose gel and ethidium bromide fluorescence visualization. Finally,
1-5 pl preamplification product was diluted with 1 ml sterile,
deionized and distilled water and stored at —20 °C.

RFLP-PCR

A 10 ul sample of the diluted preamplification product was amplified
with 150 ng mismatch primer (Ki-ras, N-ras) or 5'primer (Ha-ras) and
150 ng 3'primer; 10% of the amplification product was evaluated by
agarose gel electrophoresis, prior to subsequent Centricon 30 purifica-
tion of the remaining product. An appropriate aliquot was digested with
10 units restriction endonuclease and resolved by gel electrophoresis on
a3.5% NuSieve 1% agarose gel. A mutation is visualized as a persistent
undigested fragment after restriction enzyme cleavage.

The RFLP-PCR method has an approximate level of sensitivity of
5% mutant sequences (O’Mara et al. 1992).

Asymmetric PCR and direct sequencing

In order to exclude the possibility of false positive screening signals and
to characterize the exact mutation specificity, it is generally necessary to
confirm all mutations by subsequent sequencing of the corresponding
PCR product.

The accurate sequence of a mutated allele can be rapidly determined
by direct sequencing of the asymmetrically amplified PCR product. A
mutation is demonstrated as an additional band in the sequencing
ladder. A single-stranded sequencing template was generated by
performing a PCR with 10% purified RFLP-PCR. product and 900 ng
mismatch primer. The sequencing template was purified by electroelu-
tion; 25% of the electroeluted single strand was sequenced by means of
30 ng sequencing primer (antisense oligonucleotide), with the Seque-
nase 2.0 kit (USB) and [o-35S]dATP {Amersham) in accordance with
the recommendations of the suppliers.

Modified RFLP-PCR (Papp et al. 1993)
Some RFLP-PCR products resulted in digestions with extremely faint

residual fragments. Consequently the corresponding mutation could not
be identified as a distinct additional band in the sequencing ladder by
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Table 1 Restriction fragment length polymorphism/polymerase chain reaction (RFLP-PCR) assay for the N-ras and Ki-ras gene

Primers N-ras Codons 12, 13 and 61 Primers Ki-ras Codons 12, 13 and 61
Exon 1 Exon 1
Amplification primers: Amplification primers:
(+ strand) (- strand} (+ strand) (-~ strand)
N5'12  CTGGT'GTGAA’ATGAC'TGAGT N3'12  GGTGG'GATCA'TATTC'ATCTA K512 CCTGC'TGAAA'ATGAC'TGAAT K3'12  TGTTG'GATCATATTC'GTCCA

Mismatch primers:

(+ strand)
N12m AACTG'GTGGT' GGTTG GAGCC
digested PCR product: 19 bp and 73 bp

{+ strand)
Ni3m3 CTGGT'GGTGG' TTCCA'GCAGG'T
digested PCR product: 19 bp and 71 bp

(Mspl C'CGG codon 12, nucleotides 1, 2)

(PfiMI CCANNNNINTGG codon 13,
nucleotides 1, 2)

Sequencing primer:
{~ strand)

SN12 TTCAT'CTACA'AAGTG'GT
Exon 2
Amplification primers:
(+ strand) (- strand)
N5'61  GITAT'AGATG'GTGAA'ACCTG N3'61 ATACA'CAGAG'GAAGC'CTTCG

Mismatch primers:

(+ strand)
N6ImA GACAT'ACTGG'ATACA'GCTGG'C
digested PCR product: 20 bp and 65 bp

(+ strand)
Né6imB2 GGACATACTG'GATAC'AGCTG'GTCT (Xbal T!'CTAGA codon 61, nucleotide 3)
digested PCR product: 22 bp and 64 bp

(Mscl TGGICCA codon 61, nucleotides 1, 2)

Sequencing primer:
(- strand)

SN61 AGCCT'TCGCC'TGTCC'TC

-==-N§°12->
ATGACTGAG TACAA.AC TGG TGGTGGTTGGAGCAGG TGGTGTTGCGAAARG 50
----------------------------------- o —————
TACTGACTCATG TT TGACCACCACCAACCTCG TCCACCACAACGCTTTTIC
#12#413
GlyGly

CGCACTGACAATCCAGCTARTCCAGAACCACTTTGTAGATGAATATGATC
--------- e e b e u e b ———————
GCGTGACTGTTAGGTCGATTAGGTCTTGGTGARACATCTACTTATACTAG

<-SN12

100

Exon 1 >< Exon 2 Rt L LT N5°61-
ACCATAGAGGATTC‘!‘TACAGMCAAGTGGTTATAGRTGGTGAAACC

GGTGGTATC‘ICCTAAGAATGTCTTTTGTTCACCMTATCTACCACTTTGG

150

————

-> e ————— N61mA-C
TGTTTGTTGGACATACTGGATACAGCTGGACAAGAAGAGTACAGTGCCAT
--------- e b = e

ACAAACAACCTGTATGACCTATGTCGACCTGTTCTTCTCATGTCACGGTA
#61

200

Gln

GAGAGACCAATACATGAGGACAGGCIAAGGCTTCCTCTGTGTATTTGCCA
---------- B ittt ST P RIS

CTCTCTGGTTATG'IACTCCTGTCCGCTTCCGA_AGGAGACACATAAACGGT
<-SN61

subsequent sequencing, because this band was too weak and therefore
blotted out by non-specific background signals. In these cases, the
RFLP-PCR product again was digested and resolved on an agarose gel.
But now the faint residual fragment was carefully excised and
electroeluted. The eluate then was reamplified under identical condi-
tions (enrichment of the mutated allele). A sample comprising 10% of
the reamplification product was again evaluated by agarose gel
electrophoresis, prior to subsequent Centricon 30 purification of the
remaining product. Once more, an appropriate aliquot was digested and
resolved by gel electrophoresis. In the case of a mutation, the resulting
fragment then was almost indigestible and the sequence of the mutated

Mismatch primers:

(+ strand)
K12m  TAAAC'TTGTG'GTAGT'TGGAG'CC
digested PCR product: 21 bp and 73 bp

{+ strand)
Ki3m  ACTTG'TGGTA'GTTCC'AGCTG'GT
digested PCR product: 20 bp and 71 bp

(Mspl C'CGG codon 12, nucleotides 1, 2)

(PfiMI CCANNNNINTGG codon 13,
nucleotides 1, 2)

Sequencing primer:
(- strand)

SKi2  TTCGT'CCACA'AAATG'ATTC
Exon 2
Amplification primers:
(+ strand) (-~ strand)
K561  GTAAT'TGATG'GAGAA’'ACCTG K3'61 ATACA'CAAAG'AAAGC'CCTCC

Mismatch primers:

(+ strand)
K61lmA GATAT'TCTCG'ACACA'GCAGG'C
digested PCR product: 20 bp and 65 bp

(+ strand)
K61mB ATATT'CTCGA'CACAG'CAGGT'T
digested PCR product: 20 bp and 64 bp

(Haelll GG!CC codon 61, nucleotide 1)

(Msel T'TAA codon 61, nucleotides 2, 3)

Sequencing primer:
(- strand)

SKé1 GAAAG'CCCTC'CCCAG'TC

CC-K13m-

Kl2m-C
ATGAC TGMTRTAMCTTGTGGTRG TTGGAGCTGG TGGCGTAGGCMGAG 50
___________________ ——a

TACTGRCT'!‘ATAT'1‘TGMCACCATCMCCTCGACCACCGCATCCGTTCTC
#12413
GlyGly

TGCCTTGACGATRCAGCTMTTCAGMTCRTTTTGTGGACGAATBTGATC 100
------------------ B T b At D T

ACGGAACTGCTATGTCGATTMGTCTTAGTAMACACCTGCTTATACTAG
<-SK12

Exon 1 >< Exon 2 e KS'6l~
CMCMTRGRGGATTCCTACAGGMGCMG TAGTAATTGATGGAGAAACC

........................... e m e — b ———

GTTGTTATCTCCTMGGATGTCCTTCGTTCATCATTMCTACCTCTTTGG

150

—————

-> o m e aan K61mA-C
TGTC'!'CTTGGATATTCTCGACACAGCAGGTCAAGAGGAGTACAGTGCAAT 200
-------- it S

ACAGAGMCCTRTAAGAGCTGTGTCGTCCAGTTCTCCTCATGTCACG'ITA
#61

...................

Gln

GAGGGACCAGTACATGAGGACTGGGGAGGGCTTTCTTTGTGTATTTGCCA

__________________ e m i — e e —————

CTCCCTG GTCATGTACTCCTGACCCCTC’CGAAAGAAACACATAAACGGT
<--5K61l
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allele could easily be resolved by subsequent asymmetric sequencing of
the corresponding PCR product.

In order to rule out possible Taq polymerase errors, generally all
screened mutations were verified by two repetitions of the respective
RFLP-PCR and sequencing strategy.

T-vector cloning and sequencing

The faint residual fragment, corresponding to the mutated Ha-ras allele,
could not be selected by the modified RFLP-PCR technique because of
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Table 2 RFLP-PCR assay for the Ha-ras gene (Sekiya et al. 1984; Kahn et al. 1990; Papp et al. 1992)

Amplification primers and sequencing primer for exon 1 of the Ha-ras gene

(+ strand)
H5'12  5'GAGAC CCTGT AGGAG GACCC 3’

Sequencing primer for codons 12 and 13

Gene and target: human Ha-ras codon 12
Detection of point mutations at first and second nucleotide of codon 12
Fragment size(s)

Undigested allele: 312 bp
Digested normal allele: 236 bp + 56 bp + 20 bp
Digested mutant allele: 292 bp + 20 bp

Gene and target: human Ha-ras codon 13

Detection of point mutations at first and second nucleotide of codon 13

Fragment size(s):
Undigested allele:
Digested normal allele:
Digested mutant allele:

312 bp
89 bp + 54 bp + 118 bp + 26 bp + 25 bp
143 bp + 118 bp + 26 bp + 25 bp

(~ strand)

H3'12  5'GGGTG CTGAG ACGAG GGACT 3’
(~ strand)

SHiZ  S'TTCGT CCACA AAATG GT 3/

endogenous restriction site: Mspl (CICGG)

endogenous restriction site: Acil (GICGG)

Amplification primers and sequencing primer for exon 2 of the Ha-ras gene

(+ strand)

H5'61  5'GTCAT TGATG GGGAG ACGTG 3’

Sequencing primer for codon 61

(- strand)

H3'61 5'ACACA CACAG GAAGC CCTCC 3’
(~ strand)

SH61  5'TCCCC GGTGC GCATG TA 3’

Two independant restriction assays are necessary for the screening of all possible point mutations at all three nucleotides of codon 61

Gene and target: human Ha-ras codon 61
Endogenous restriction site: BstNI (CC'WGG) W =A or T

Detection of point mutations at all nucleotides of codon 61 except for A to T transversion at nucleotide 2

Fragment size(s):

Undigested allele: 112 bp
Digested normal allele: 63 bp + 15 bp + 34 bp
Digested mutant allele: 78 bp +34 bp

Gene and target: human Ha-ras codon 61

Endogenous restriction site: Cff1 (YIGGCCR)Y=CorT R=Gor A

Detection of point mutations at nucleotides 1 and 2 of codon 61 except for A to G transition at nucleotide 2

Fragment size(s):

Undigested allele: 112 bp
Digested normal allele: 67 bp + 45 bp
Digested mutant allele: 112 bp

an additional constitutive BsfNI restriction site at codon 56 (Sekiya et al.
1984). Therefore the accurate mutation specificity was determined by
ligation of the undigested PCR product into a modified M13mp18
sequencing vector. Because of the proven suitability of the EcoRV site
in the construction of T vectors with high PCR cloning efficiency
(Marchuk et al. 1991; Holton and Graham 1991), we have inserted the
60-bp Pstl/Kpnl fragment of the pG+host4 vector (Appligene) with its
intrinsic EcoRV site inversely but in-frame into the single-strand-
producing M13mp18 vector (Appligene). Transfection and cloning of
the engineered vector in DH5aF'IQ competent cells was performed
according to the protocol enclosed with the transfection kit (BRL). By
using [0-35S]dATP (Amersham) and the Sequenase 2.0 kit (USB), we
were able to generate high-quality sequence ladders of the mutated as
well as the non-mutated allele.

Results
Frequency of point mutations

In 31 tumor samples of primary and metastatic melanomas,
mutation of the ras gene was detected in 4 cases (13%). In

addition, activation of the ras gene could be demonstrated in
the congenital nevus.

The 5 benign nevi and the dysplastic one were free of ras
mutations.

Involvement of the three ras genes

The N-ras gene was mutated in 4 cases, whereas the Ha-ras
gene was affected in only 1 case. No point mutation of the
Ki-ras gene was detectable in any melanocytic lesion.

Ras mutation and histopathological subtype of melanoma

In the malignant melanomas investigated, all mutated ras
genes were exclusively found in the nodular subtype. We
were able to demonstrate point mutations in 4 out of 13
NMM. In 18 other types of malignant melanoma (16 SSM
and 2 LMM) no ras mutation was found.
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Fig. 1 Restriction fragment length polymorphism/polymerase chain
reaction (RFLP-PCR) analysis of the N-ras gene at codon 61 by 3.5%
NuSieve 1% agarose gel and ethidium bromide fluorescence visualiza-
tion. Samples were amplified with the primer pair N61 mA/N3'61 and
digested with Mscl. PCR product length = 85 bp, digested mutant
allele = 85 bp, digested normal allele = 65 bp (bands above 123 bp
constitute unspecific amplification products). Lanes 1, 5 123-bp
molecular marker (MM); lanes 2, 6 undigested PCR product (85 bp)
(amnion DNA) as positive control (PC); lanes 3, 7 Mscl-digested PCR
product (65 bp) (amnion DNA) as negative control (NC); lanes 4 (T1),
8 (T2) Mscl-digested PCR product (85 bp and 65 bp) derived from 2
nodular malignant melanomas (NMM). The mutation of the NMM in
lane 4 (T1) is clearly visualized as a distinct persistent 85-bp fragment
after Mscl restriction enzyme cleavage and could easily be specified by
subsequent direct sequencing of the corresponding PCR product. The
mutation of the NMM in lane 8 (T2) is visualized as a faint persistent
85-bp fragment after Mscl restriction enzyme cleavage and could not
be specified by direct sequencing without previous selection of the
mutated allele by the modified RFLP-PCR technique (Fig. 2)

Thus the frequency of the mutation was 31% for NMM
and 0% for SSM and LMM. This result suggests an
association between ras gene activation and NMM as a
histopathological subtype (x2: o = 2%)

Characterization of point mutations

In all samples with an activated ras gene the mutation was
located at codon 61: CAA (GlIn) to CGA (Arg) transition at
codon 61 of the N-ras gene was found in 2 metastatic NMM
(Figs. 1, 2); CAG (Gln) to CGG (Arg) transition at codon 61
of the Ha-ras gene was found in 1 metastatic NMM (Fig. 3);
CAA (GIn) to AAA (Lys) transversion at codon 61 of the
N-ras gene was found in 1 primary NMM as well as in
the congenital nevus.

Localisation of tumor lesions
Melanomas with a mutated ras gene were located on the

back (3 cases) and upper arm (1 case), which constitute
intermittently but possibly intensely sun-exposed body sites.
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Fig. 2a, b Direct sequencing of asymmetric amplified PCR products
of the same tumor sample (metastatic NMM; Fig. 1, lane 8, T2) with
Sequenase 2.0, [0-33S]dATP and antisense oligo SN61 as sequencing
primer. a Modified RFLP-PCR product was asymmetrically amplified
with N61 mA and sequenced with SN61; because of the selection of
the mutant allele against the normal one, the TTG to TCG transition at
the second position of codon 61, converting the amino acid Gln to Arg,
is clearly visible (arrow). b The electroeluted pre-amplification
product was asymmetrically amplified with N5'61 and sequenced
with SN61; as the quantity of the mutant allele is too small, only the
sequence of the normal allele is visible
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Fig. 3a, b Autoradiography of the 112-bp human HRAS1 PCR
fragment of the NMM, cloned into the novel M13mpl8 EcoRV T
vector and sequenced with the (—40) primer (Sequenase 2.0 kit, USB).
PCR-amplified tumor DNA was screened for point mutations in codon
61 via RFLP-PCR (Papp et al. 1992). a The sequence of the normal
allele. b The CTG to CCG transition (arrow) at the second position of
the antisense strand in codon 61 is shown

Discussion

The indications for a direct contribution of ras oncogenes to
the pathogenesis of human malignant melanoma were
derived from transfection studies. It was demonstrated,
that the short-term expression of v-Ha-ras in human mela-
nocytes drives the cells towards a transformed phenotype,
with the cells gradually acquiring a subset of the character-
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Table 3 Summary of ras
mutations in human melanoma
(Sekiya et al. 1984;

Padua et al. 1985;
Raybaud et al. 1988;
Albino et al. 1989;

van’t Veer et al. 1989,
Schrier et al. 1991,
O’Mara et al. 1992;
Daya-Grosjean et al. 1993;
own results)

N-ras gene codon 61

N-ras gene codon 13

N-ras gene codon 12

H-ras gene codon 61

Gln (CAA) to Lys (AAA) 12 tumors 37.5%
Gln (CAA) to Arg (CGA) 9 tumors 28.1%
Gln (CAA) to Leu (CTA) 1 tumor 3.1%
Gly (GGT) to Val (GTT) 3 tumors 9.3%
Gly (GGT) to Asp (GAT) 2 tumors 6.2%
Gly (GGT) to Arg (CGT) 1 tumor 3.1%
Gly (GGT) to Asp (GAT) 1 tumor 3.1%
Gln (CAG) to Lys (AAG) 1 tumor 3.1%
Gin (CAG) to Leu (CTG) 1 tumor 3.1%
Gln (CAG) to Arg (CGG) 1 tumor 3.1%

istic features of melanomas (Albino et al. 1986). Further-

more, activation of Ha-ras and particularly N-ras proto-

oncogenes by point mutations, in primary, metastatic and
cultured melanomas, has been reported by several authors

(Sekiya et al. 1984; Padua et al. 1985; Raybaud et al. 1988;

Albino et al. 1989; Keijzer et al. 1989; van’t Veer et al. 1989;

Schrier et al. 1991; O’Mara et al. 1992).

Despite these observations, the exact role of ras onco-
genes in melanoma formation remains unclear. There are
considerable discrepancies in published mutation frequen-
cies and generally only a minor proportion of the investi-
gated tumors exhibit mutated ras oncogenes. Comparing
cell lines with and without point-mutated ras genes by
means of flow cytometry analysis, Albino et al. (1989)
found no differences in p21 expression. Consequently, a
larger number of human melanomas seem to be totally
unmodified in the ras proto-oncogenes, in sequence as
well as in expression.

We found no ras mutations in 5 benign nevi and the
dysplastic one, as possible precursor lesions. This is consis-
tent with results of Albino et al. (1989) and Raybaud et al.
(1988), suggesting that ras mutations may be a late event in
the development of melanoma.

One possible explanation for the facts mentioned above
is that the activation of ras is associated with a particular
subgroup of melanoma, characterized by (a) a certain
histopathological type, (b) a specific differentiation stage
(c) a specific etiological agent (¢.g. UV radiation), (d) other
genetic alterations, or a combination of these.

Some previously published investigations together with
our findings support this idea:

1. Our results suggest that there may be an association
between the mutation of the ras gene and the nodular
malignant melanoma (NMM) as a histopathological
subtype. In contrast, we could not detect any ras muta-
tions in the superficial spreading and lentigo malignant
melanomas (SSM and LMM) (total %2 = 5.878, o0 < 2%)
nor has this been reported previously.

Thus, the high variability of reported mutation frequen-
cies in melanomas (5%, 8%, 9%, 13%, 24%, 27%) (Albino
et al. 1989; Raybaud et al. 1988; O’Mara et al. 1992; our
own results; van’t Veer et al. 1989; Schrier et al. 1991) may
be explained by differences in the relative amounts of NMM
and SSM in the tumor samples investigated. Furthermore,
considerable discrepancies of N-ras mutation frequencies
are reported between cultured metastatic melanomas (22%)

and noncultured primary melanomas (5%) (Albino et al.

1989). This could be explained by an increased tendency to

metastasis of NMM compared to SSM and the fact that most

cultures are established by cells originating from metastases.

However, even within the NMM, activation of N-ras seems

to be involved only in a subgroup (31%) (our own results)

2. In melanoma cell lines it has been demonstrated, by
means of immunohistochemical analysis, that ras muta-
tion seems to be associated with the early to intermediate
differentiation stage of melanocytes (Albino et al. 1989,
1992).

3. Epidemiological studies have revealed a causal role of
sunlight exposure in the occurrence of cutaneous malig-
nant melanoma (Tucker 1988). Ultraviolet (UV) radia-
tion, as a component of sunlight, is especially thought to
be the primary cause of melanoma formation (Howell
et al. 1984; Sober 1987; Roth et al. 1988).

In vitro, UVR-induced point mutations in the human N-
ras gene, involving CC and TT doublets at codon 12 and
predominantly codon 61, have been demonstrated by means
of transfection studies (van der Lubbe et al. 1988). In
addition, it was demonstrated by ligation-mediated PCR,
that the ras genes of UV-irradiated human cells show a high
frequency of the two major types of potential mutagenic
DNA photoproducts (cyclobutane pyrimidine dimers and
(6-4)pyrimidone photoproducts). At codon 61 of N-ras
(GTT) cyclobutane dimers were exclusively detected
(Torminen and Pfeiffer 1992).

In vivo, N-ras genes in melanomas carrying a point
mutation predominantly located at codon 61 were found to
be associated with intermittently to continuously sun-ex-
posed body sites (van’t Veer et al. 1989; Schrier et al. 1991).
This suggests an etiological link between UV radiation and
the activation of ras genes by point mutations. According to
our investigation, all melanomas showing an activated gene
were located on the back or upper arm, which constitute
intermittently sun-exposed body sites. However, intermit-
tent sun exposure occasionally cause sunburns, which may
represent a higher risk for melanoma formation than
moderate continuous sun exposure (Nelemans et al. 1993).

The frequent CAA to CGA mutation and all rare
mutation types (Table 3) could be explained by UV-induced
pyrimidine dimers.

The most prevalent mutation in human malignant mela-
noma (N-ras codon 61 [CAA (GIn) to AAA (Lys) transver-
sion]) can not be explained by UV-induced pyrimidine



dimers, since the first base of this codon at the sense as well
as at the antisense strand is not part of a dipyrimidine side
(Table 1).

A possible explanation for the generation of this muta-
tion may be the formation of 8-0xo0-deoxyguanosine in the
codogene strand at the first base of codon 61 followed by a
mispairing event with adenosine in the codon strand: there is
now convincing evidence that the major base modification
caused by photosenzitation-generated singlet oxygen (Basu-
Modak and Tyrell 1993) is 7,8-dihydro-8-oxo-deoxyguano-
sine (Epe 1991), which exhibits a prevalent tendency to
mispair with adenosine (Cheng et al 1992). It has been
demonstrated that near-visible light and UVB in the pres-
ence of endogenous photosensitizers like proflavin, hema-
toporphyrin and riboflavin induce high levels of 8-oxo-
deoxyguanosine in cellular and cell-free systems (Yama-
moto et al. 1992; Bechler et al. 1992; Epe et al. 1993).

According to a recent study, using PCR technology and
subsequent oligonucleotide hybridization, Ki-ras mutation
is a frequent event in dysplastic nevi and malignant
melanoma (Shukla et al. 1989). This finding is in contrast
to the results of other studies:

Raybaud et al. (1988), Albino et al. (1989, 1991), van’t
Veer et al. (1989) and Schrier et al. (1992) investigated
melanocytic lesions independently by the same technigue
for point mutations in Ha- Ki- and N-ras-oncogenes. None
of these authors reported detection of point mutations in the
Ki-ras gene. This is consistent with our findings, revealed
by mismatch primer-mediated RELP-PCR and subsequent
sequencing.

In summary, our data together with results of other
authors support the hypothesis that activation of the N-ras
and Ha-ras genes in human melanomas is associated with a
specific subgroup of melanoma (NMM), characterized by an
early differentiation stage as a possible subtype of NMM.

In the future, further studies with a larger number of
samples are necessary, to evalvate the specificity and
significance of our observations.

Acknowledgement We thank Antje Golka for technical assistance.

References

Albino AP, Houghton AN, Eisinger M (1986) Class II histocompat-
ibility antigen expression in human melanocytes transformed by
Harvey murine sarcoma virus (Ha-MSV) and Kirsten MSV retro-
virus. J Exp Med 164: 1710-1722

Albino AP, Nanus DM, Mentle IR, Cordon-Cardo C, McNutt NS,
Bressler J, Andreeff M (1989) Analysis of ras oncogenes in
malignant melanoma and precursor lesions: correlation of point
mutations with differentiation phenotype. Oncogene 4: 1363-1374

Albino AP, Nanus DM, Davis ML, McNutt NS (1991) Lack of
evidence of Ki-ras codon 12 mutations in melanocytic lesions.
J Cutan Pathot 18: 273-278

Albino AP, Sozzi G, Nanus DM, Thanwar SC, Houghton AN (1992)
Malignant transformation of human melanocytes: indunction of a
complete melanoma phenotype and genotype. Oncogene
7: 2315-2321

Basu-Modak S, Tyrell RM (1993) Singlet oxygen: a primary effector
in the ultraviolet A/near-visible light induction of the human heme
oxygenase gene. Cancer Res 53: 4505-4510

29

Beehler BC, Przybyszewski J, Box HB, Kulesz-Martin MF (1992)
Formation of 8hydroxyguanosine within DNA of mouse keratino-
cytes exposed in culture to UVB and H202. Carcinogenesis
13: 2003-2007

Bos JL (1988) The ras gene family and human carcinogenesis. Mutat
Res 195: 255-271

Cheng KC, Cahill DS, Kasai H, Nishimura S, Loeb LA (1992)
8-Hydroxyguanine, an abundant form of oxidative DNA damage,
causes G-T and A—C substitutions. J Biol Chem 267: 166172

Davis LG, Dibner MD, Battey JF (1986) Basic methods in molecular
biology. Elsevier, New York

Daya-Grosjean L, Rabert C, Drougard C, Suarez H, Sarasin A (1993)
High mutation frequency in ras genes of skin tumors isolated from
DNA repair deficient Xeroderma pigmentosum patients. Cancer
Res 53: 1625-1629

Epe B (1991) Genotoxicity of singlet oxygen. Chem Biol Interact
80: 239-260

Epe B, Pflaum M, Boiteaux S (1993) DNA damage induced by
photosensitizers in cellular and cell-free systems. Mutat Res
299: 135145

Erlich HA (1989) PCR technologies: principles and applications for
DNA amplification. Stockton Press, New York

Hall A, Brown R (1985) Human N-ras: ¢DNA cloning and gene
structure. Nucleic Acids Res 13: 5255-5268

Holton TA, Graham MW (1991) A simple and efficient method for
direct cloning of PCR products using ddT-tailed vectors. Nucleic
Acids Res 19: 1156

Howell JN, Greene MH, Corner RC (1984) Fibroblasts from patients
with hereditary cutaneous malignant melanoma are abnormally
sensitive to the mutagenic effect of simulated sunlight and
4-nitroquinocline 1-oxide. Proc Natl Acad Sci USA 81: 11791183

Kahn SM, Jiang W, Weinstein IB (1990) Rapid nonradioactive
detection of ras oncogenes in human tumors. Amplifications
4:22-24

Keijzer W, Mulder MP, Langeveld JC, Smit EM, Bos JL, Bootsma D,
Hoeijmakers JH (1989) Establishment and characterization of a
melanoma cell line from a xeroderma pigmentosum patient:
activation of N-rgs at a potential pyrimidine dimer site. Cancer
Res 49: 12291235

Lubbe JL van der, Rosdorff HJ, Bos JL, Eb AJ van der (1938)
Activation of N-ras induced by ultraviolet irradiation in vitro.
Oncogene Res 3: 9-20

Marchuk DMT, Drumm M, Saulino A, Collins FS (1991) Construction
of T-vectors, a rapid and general system for direct cloning of
unmodified PCR products Nucleic Acids Res 19: 1154

Mc Grath JP, Capon DJ, Smith DH, Chen EY, Seeburg PH, Goeddel
DV, Levinson AD (1983) Structure and organization of the human
Ki-ras proto-oncogene and a related processed pseudogene. Nature
304: 501-506

Nelemans PJ, Groenendal H, Kiemeney LALM, Rampen FHIJ, Ruiter
DJ, Verbeek ALM (1993) Effect of intermittent exposure to
sunlight on melanoma risk among indoor workers and sun-sensi-
tive individuals. Environ Health Perspect 101: 252—255

O’Mara SM, Todd AV, Russell PJ (1992) Analysis of expressed N-ras
mutations in human melanoma short-term cell lines with allele
specific restriction analysis induced by the polymerase chain
reaction. Eur J Cancer 28: 9-11

Padua RA, Barrass NC, Currie GA (1985) Activation of N-ras in a
human melanoma cell line. Mol Cell Biol 5: 582585

Papp T, Jafari M, Kopp C, Schiffmann D (1992} Acil and BsiNI/CHI
detect all possible activating point mutations at codon 13 and 61 of
the human H-ras oncogene. Hum Mol Genet 1: 649

Papp T, Jafari M, Diener U, Dudley N, Schiffmann D (1993) Modified
ASRA facilitates the characterization of activating point mutations
in tumors, in which cancer cells constitute only & minor part of the
investigated tissue. PCR Methods Applic 3: 125-126

Raybaud F, Noguchi T, Marics I, Adelaide J, Planche J, Batoz M,
Aubert C, de-Lapeyriere O, Birnbaum D (1988) Detection of a low
frequency of activated ras genes in human melanomas using a
tumorigenicity assay. Cancer Res 48: 950-953



30

Roth M, Boyle JM, Muller H (1988) Thymine dimer repair in
fibroblasts of patients with dysplastic naevus syndrome (DNS).
Experientia 44: 169-171

Schrier PL, Versteeg R, Peltenburg LT, Plomp AC, Veer LJ van’t,
Kruse-Wolters KM (1991) Sensitivity of melanoma cell lines to
natural killer cells: a role for oncogene-modulated HLA class 1
expression? Semin Cancer Biol 2: 73-83

Sekiya T, Fushimi M, Hori H, Hirohashi S, Nishimura S, Sugimura T
(1984) Molecular cloning and the total nucleotide sequence of the
human c-Ha-ras-1 gene activated in a melanoma from a Japanese
patient. Proc Natl Acad Sci USA 81: 4771-4775

Shukla VK, Hughes DC, Hughes LE, McCormick F, Padua RA (1989)
ras mutations in human melanotic lesions: K-ras activation is a
frequent and early event in melanoma development. Oncogene Res
5:121-127

Sober AJ (1987) Solar exposure in the etiology of cutaneous melano-
ma. Photodermatology 4: 23-31

Todd AV, Oreland CM, Radloff TJ, Kronenberg H, Oland HJ (1991)
Analysis of N-ras gene mutations in acute myeloid leucemia by
allele specific restriction analysis. Am J Hematol 38: 207-213

Torminen, VT, Pfeifer, GP (1992) Mapping of UV photoproducts
within ras proto-oncogenes in UV-irradiated cells: correlation
with mutations in human skin cancer. Oncogene 7: 1729-1736

Tucker MA (1988) Individuals at high risk of melanoma. In: Elwood
M (ed) Pigment cell. Karger, Basel, pp 95-109

Veer L] van’t, Burgering BMT, Versteeg R, Boot AJM, Ruiter DJ,
Osanto S, Schrier PI, Bos J (1989) N-ras mutations in human
cutaneuos melanoma from sun-exposed body-sites. Mol Cell Biol
9: 3114-3116

Yamamoto F, Nishimura S, Kasai H (1992) Photosensitized formation
of 8-hydroxydeoxyguanosine in cellular DNA by riboflavin.
Biochem Biophys Res Commun 187;: 809-813



