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Abstract. Brain metastases, including those of malignant
melanoma (known for its high genomic instability), are the
most common intracranial tumors. The main objective of this
study was to investigate expression and mutation in the DNA
mismatch repair system in melanoma brain metastases.
Expression of MLHI, MSH2, PMSI and PMS2 was
investigated immunohistochemically in 31 melanoma
metastatic tumors. Mutational analysis of MLHI and MSH?2
was performed in 17 melanoma brain metastases. Loss of
MLH]I and MSH?2 expression was found in 10/31 and 12/31
tumors. PMS1 (27/31) and PMS2 (28/31) expression was
preserved in the majority of lesions. Potential missense
mutation was found in MSH2 (exon 13) in 2/17 melanomas.
Mutation in the intron sequence between exon 14 and 15 of
MLH]I (exon 15) was observed in 4/17 cases. Our results
indicate that the two major DNA mismatch repair genes,
MLH1 and MSH?2, are more frequently affected by alterations
in the DNA mismatch repair system than the helper genes
PMS1 and PMS2. The presence of mutations of MSH2 and
MILH]I in melanoma brain metastases, which has not been
found in primary melanomas, indicates the high genomic
instability of melanoma brain metastases.

Brain metastases are the most common intracranial tumors
and are up to 10 times more frequent than primary brain
tumors. Neurologically, they cause encephalopathy and a
range of other dysfunctions. Brain metastases develop when
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tumor cells enter the nervous system and secondarily
colonize the brain. Intracranial metastases may involve the
brain tissue, the cranial nerves and the blood vessels and
sinuses. The most common location is in the brain tissue
itself. Among adults, the most common sources of brain
metastases are the lung, breast, unknown primary sites and
the skin including malignant melanoma. Metastasizing
lesions from colon, breast and renal cell carcinoma are often
single, while malignant melanoma and lung cancer tend to
form multiple lesions, sometimes resulting in a much more
severe clinical picture (1-3).

Much progress has been made in investigating the various
types of tumor-associated genes over the past 10 years and
recently attention has been focused on the group of genes
responsible for DNA mismatch repair. DNA mismatch
repair plays an important role in the preservation of genetic
integrity between bacteria and mammals (4-6). A
mismatched base-pair is recognized by MSH2, which starts
the repair process together with MSH6. MLH1 at the same
time cooperates with different enzymes (nuclease,
polymerase and others), also playing an active part in the
repair process. In humans, MLH1 has two additional helper
proteins: PMS1 and PMS2.

For the first time, defects in the repair genes MLH1 and
MSH?2 have been demonstrated in hereditary nonpolyposis
colorectal cancer (HNPCC) (7-9). HNPCC is caused by
germ-line mutations in the human homologues of the
bacterial and yeast MutS and MutL mismatch repair genes,
including hMSH2, on chromosome 2p16 and hMLH1 on
3p21 (10-12).

Recently, defects in the DNA mismatch repair system
were reported to be responsible for malignant
transformation and tumor progression in several sporadic
tumors including colorectal, pancreatic, gastric, endometrial,
prostatic and breast cancer (13-17).
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In malignant melanoma, we showed that not mutations
but loss of gene expression might be responsible for defects
in DNA repair. We have so far concentrated on lentigo
maligna, primary melanoma and melanoma metastases in
the lymph nodes (18-22). The main objective of this study
was to investigate DNA mismatch repair genes in a
representative sample of melanoma metastases in the brain.

Materials and Methods

The material investigated was taken from 31 patients with
melanoma brain metastases: 16 women and 15 men aged between
38 and 71 years. The patients were treated in the Neurosurgical
Departments of the Universities of Gottingen and of the Saarland
(Figure 1), Germany and in Memorial Sloan Kettering Cancer
Center in New York, USA. The sites of the metastases were;
frontal lobe — 17; temporal lobe — 4; vertebral canal - 7; frontal and
temporal lobe — 3.

For 12 patients primary melanoma tumors were available and
they were located in the head and neck area, 4 tumors, trunk, 3,
lower, 1 and upper extremities, 4. Five of the primary tumors
represented pT3 stage and 7 of them were classified as pT4.

PCR analysis of MLHI and MSH2 mutations. The histological
material was cut into sterile Eppendorf microfuge tubes. After
washing once with xylene and twice with 96% ethanol to remove the
xylene residue, cells and cellular debris were obtained by
centrifugation at 500 rpm and 4°C. DNA was isolated from the
samples using a QIAamp DNA Mini Kit (Qiagen, Hilden,
Germany). Extracted DNA (200 ng) was used for PCR performed
on a thermal cycler model 480 (Perkin Elmer, Weiterstadt,
Germany). Each PCR was performed in a thin-walled test tube on
50 wl of a mixture consisting of 1U Tfl DNA polymerase, polymerase
buffer (Biozym, Hessisch Oldendorf, Germany) and 20 umol of each
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Figure 1. Macroscopic image of a melanoma metastatic lesion
during an operation and before extraction in a 27-year-old male.
Note the contrast and black colour of the edges of the tumor.

dNTP. The mixture was overlaid with mineral oil (Sigma, Munich,
Germany). The PCR primers were synthesized by MWG (Ebersberg,
Germany) and added at a final concentration of 40 pmol/l per assay.
Standard precautions against cross-contamination were taken.

3’(anti-sense) and 5-CTGTGGGGCAAGGTGAACG-3’(sense2/
antisense). For amplification, test tubes were heated to 95 °C for 7
min, followed by 40 cycles at 95°C for 45 sec, 60°C for 20 sec, 72
°C for 1 min and a final extension at 72°C for 7 min. For the
second PCR, 1-2 ul of the first-run PCR product was used. PCR
conditions in run 1 and 2 were identical.

Only B-globin-positive cases were used for nested PCR analysis
of MLH1 and MSH2 exons. Exon 12 of MSH2 was analysed using
the primers: 5-TTTCTGTTTTTATTTTTTACAGG-3’(forward)
and 5’-AAACGTTACCCCCACAAAG-3’(reverse). Exon 13 of
MSH?2 was analyzed using the primers 5’-CTAACAATCCATTTA
TTAGTAGC-3’(forward) and 5-CATTTCTATCTTCAAGGGA
CTAGGA-3(reverse). Exon 15 of MLH1 was analysed using the
primers: S-ATTTGTCCCAACTGGTTGTATCTC-3’(forward) and
5’-ACTATACAATACAGCAACTATCCT-3’(reverse). Exon 16 of
MLH1 was analysed using the primers: 5-GCTTGCTCCTT
CATGTTCTTG-3" (forward) and 5-CACCCGGCTGGGAAA
TTTTAT-3’(reverse). For amplification of the exons, test tubes were
heated to 95°C for 7 min, followed by 40 cycles at 95°C for 45 sec,
60°C for 20 sec, 72°C for 1 min and final extension at 72°C for 7 min.

For visualization, 5 pl of each PCR product was separated on a
3% (w/v) agarose gel containing 0.5 pg ethidium bromide per ml.
The gel was recorded using a CCD camera (Biometra, Gottingen,
Germany). The MSH2 and MLH1 amplification products were
purified using a QIAquick PCR Purification Kit (Qiagen).

A total of 200 ng isolated DNA was labeled with the PRISM
Ready Dye Deoxy Terminator Cycle Sequencing Kit (Applied
Biosystems, Weiterstadt, ~Germany) according to the
manufacturer’s instructions and analyzed in an Applied Biosystems
DNA sequencer (model 310). Oligonucleotides previously used for
amplification of fragments served as sequencing primers.
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Figure 2. Nuclear staining for MLH1 in melanoma brain metastasis.

Protein expression of MLHI and MSH2. The following antibodies

were applied to demonstrate DNA mismatch repair gene expression:

a) N-20, rabbit polyclonal antibody against epitope corresponding
to an amino acid sequence mapping at the amino terminus of
hMSH2 of human origin.

b) C-20, rabbit polyclonal antibody against epitope corresponding
to an amino acid sequence mapping at the carboxy terminus of
hMLH1 of human origin.

¢) K-20, rabbit polyclonal antibody against epitope corresponding
to an amino acid sequence mapping at the amino terminus of
hPMS1 of human origin.

d) C-20, rabbit polyclonal antibody against epitope corresponding
to an amino acid sequence mapping at the amino terminus of
hPMS?2 of human origin.

All antibodies were supplied by Santa Cruz Biotechnology Inc.,

Heidelberg, Germany.

The immunohistochemical reactions in the paraffin-embedded
tumor tissue were carried out using the Stravigen Multilink kit
(Biogenex Laboratories, Hamburg, Germany). The histological
sections were mounted on uncoated slides. They were deparaffinized
using xylol and then transferred to a descending alcohol series and
rinsed with distilled water. Before incubation with primary antibodies,
the sections were heated for 10 min (85°C) in citrate buffer (pH=06).
They were then incubated overnight with the primary antibodies at
4°C at an antibody concentration of 1:50. The histological specimens
were then rinsed with Tris buffer solution and incubated at room
temperature with link (Stravigen Multilink, Biogenex Laboratories,
Hamburg, Germany) for 45 min. After detection reaction using a label
(Stravigen Multilink, Biogenex Laboratories) in combination with
chromogen fast red (Biogenex Laboratories), the nuclei were
counterstained with hematoxylin. Primary antibodies were omitted
from control reactions. Sections were evaluated by CAS200 image
analysis (Becton-Dickinson, Hamburg, Germany) and results were
expressed as percentages of immunolabeled cell indices.

Results

Expression of DNA mismatch repair genes in melanoma brain
metastases. MLH1 expression was totally lost in 10 out of 31
cases. The MLHI1 index (percentage of MLHI-positive

Table 1. Expression of DNA mismatch repair genes in melanoma brain
metastases.

Marker Rate of Percentage of positive cells
positive Minimum Median Maximum
cases
MLHI1 21/31 0.00 24.00 65.00
MSH2 19/31 0.00 19.00 72.00
PMS1 27/31 0.00 26.00 52.00
PMS2 28/31 0.00 36.00 58.00

cells) ranged between 0 and 65%, with a median of 24%
(Figure 2). MSH2 was totally lost in 12 cases. The MSH2
index ranged between 0 and 72%, with a median of 19%.

PMS1 (27/31) and PMS2 expression (28/31) were
preserved in most lesions. The PMS1 index did not exceed
52% and the median was 26%. The PMS2 index was similar
with a maximum of 58% (Table I).

Expression of DNA mismatch repair genes in primary
melanomas. MLH1 expression was found in 7 out of 12
primary melanomas investigated and its index ranged
between 0 and 82% with a median 31%. MSH2 was found
in 10 out of 12 melanomas investigated with maximal
expression of 43%. PMS1 and PMS2 were expressed in all
primary melanomas and their expression peaked at 61%
and 53%, respectively. Comparison of the expression of
DNA mismatch repair genes in primary melanomas and
their brain metastases did not reveal any significant
differences.

Analysis of MLHI and MSH2 mutations. All primary
melanomas were screened for mutations of MLH1 and
MSH2 without any positive results. It was possible to isolate
DNA from 17 melanoma brain metastases. The quality of
the DNA was assessed on f-globin positivity. Sequencing
analysis revealed the potential missense mutation in exon 13
of MSH2 causing a CGA-GGA conversion, which may
replace the amino acid Arg by Gly in 2 out of 17 tumors
investigated. The corresponding electropherogram shows 2
peaks at the same nucleotide position. The other positions
show optimal signals and are inapparent. It is possible that
the PCR reaction indicates mutant and non-mutant MSH2
alleles in the sample.

In 4 out of 17 tumors sequencing analysis indicated a
mutation in the intron sequence between exon 14 and 15 of
the MLH1 gene. The A-G mutation is located at position
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Figure 3. Sequence analysis of PCR products amplified from MSH2 and
MLH1 DNA. Reverse primers were used for automatic sequencing.
Upper sequence - A potential mutation was found in MSH2 exon 13
causing a CGA — GGA conversion which may replace the amino acid Arg
by Gly. Note that the corresponding electropherogram shows double peaks
at the same nucleotide position. The other positions show optimal signals
and are inapparent. Therefore, it is possible that the PCR reaction
indicates mutant and non-mutant MSH?2 alleles in the sample.

Sequence below - The analysis indicates a mutation in the intron sequence
between exon 14 and 15 of the MLH1 gene. The A-G mutation is located
at position -19 near the splice acceptor site of this intron. It is unclear
whether the alteration causes exon skipping and formation of alternative
MLH1 splicing transcripts.

19 near the splice acceptor site of this intron. It is unclear
whether the alteration causes exon skipping and formation
of alternative MLH1 splicing transcripts (Figure 3) (Table II).

Discussion

The relatively new discovery of defects in melanoma brain
metastases and in endometrial, breast, prostate, bladder and
gastric cancers indicate that defects of DNA mismatch repair
are a more widespread phenomenon than first assumed.
Considerable evidence exists that the MI-positive phenotype in
HNPCC tumors is due to inactivation of DNA mismatch repair,
probably due to inherited mutations of mismatch repair genes.
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Table II. Mutational analysis of MLH1 and MSH?2.

Gene Exon Number of cases with mutation
MLHI1 15 0/17 4/17
MLH1 16 0/17 0/17
MSH2 12 0/17 0/17
MSH2 13 2/17 0/17

Our study analysed comparatively the expression of DNA
mismatch repair genes in primary melanomas and their
brain metastases. Significant differences in the gene
expression at the protein level were not found. In contrast,
some of the metastatic lesions demonstrated mutations and
polymorphic variants of MLH1 and MSH2, which were not
found in primary melanomas.

Defects of DNA mismatch repair have often been
reported for brain tumors. Microsatellite instability is
associated with the development of primary gliomas rather
than with the recurrence or progression of these tumors.
Astonishingly, the occurrence of microsatellite instability in
gliomas was not connected with structural alterations in the
MLH1 and MSH2 genes. Comparison of the microsatellite
patterns in primary and secondary gliomas revealed
different modalities of clonal evolution, including clonal
identity, clonal deletion, clonal progression and different
clonality, suggesting that intensive clonal selection may play
a central role in the recurrence of gliomas (23).

Another research group reported that microsatellite
instability and mutations of DNA mismatch repair genes are
present in a subset of young glioma patients and that these
patients and their families are at risk of developing
HNPCC-related tumors. These results have practical
relevance for the genetic testing and management of young
patients with gliomas and their families (24).

DNA mismatch repair system defects do not seem to be of
relevance in human medulloblastomas, where the repair
system is not commonly deficient (25). A low level of
microsatellite instability has also been reported for
oligodendrogliomas (17.4%), pituitary adenomas (3.2%),
meningiomas (2.4%) and astrocytomas (3%). Gangliogliomas
and schwannomas do not show instable loci (26,27).

So far, there have been no reports of defective DNA
repair systems in melanoma brain metastases in the
literature. An important role of defective DNA mismatch
repair genes in the progression of malignant melanoma has
been confirmed by different research groups. MSH2 may be
of importance in genetic stability, tumorigenesis and
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progression of malignant melanoma. Increased genomic
instability in malignant melanoma is associated with an
elevated protein level of this DNA repair enzyme, and
MSH?2 expression may also be regulated by the p53 protein
(28,29). Prognostic significance has also been reported for
MSH?2. Elevated levels of MSH2 expression have been
shown to correlate with recurrence or death from the
disease (30).

Reports of a connection between defective DNA mismatch
repair systems and the presence of microsatellite instability
in malignant melanoma are controversial. Hussein et al. (31)
reported that correlations between microsatellite instability
and the expression and function of DNA mismatch repair
genes were not present in melanocytic dysplastic naevi and in
cutaneous malignant melanoma. Another research group
demonstrated an association between high frequency
microsatellite instability and defective DNA mismatch repair
in human melanoma. Tumors with highly reduced or non-
existent MLH1 and PMS2 expression displayed a high
frequency of microsatellite instability. The absence of
unstable loci on the mononucleotide level indicates that, in
malignant melanoma, microsatellite instability is not
associated with mutator-phenotype repair-deficient tumors
characteristic of mismatch. Microsatellite instability at
dinucleotide repeats increases with melanoma progression
and indicates that expansions of triplet repeats may occur in
melanocytic tumors (31-35).

Generally, defects in DNA repair systems can have
practical relevance in chemotherapy. The increased repair
of oxidative DNA damage might mediate increased
chemoresistance through improved repair of drug-induced
DNA damage. In contrast, reduced DNA mismatch repair
might confer resistance by preventing futile degradation of
newly synthesized DNA-opposite alkylation damage, or by
apoptosis (36).

In this study, we demonstrated altered expression of
DNA mismatch repair genes in melanoma metastases, more
frequently connected with the two major DNA mismatch
repair genes, MLH1 and MSH2, than with the helper genes
PMS1 and PMS2. Sequencing analysis revealed potential
missense mutation in exon 13 of MSH2 causing a CGA —
GGA conversion which may replace the amino acid Arg by
Gly. The corresponding electropherogram showed double
peaks at the same nucleotide position. We speculate that
PCR reaction indicated mutant and non-mutant MSH2
alleles in the tumor sample.

The second mutation was found in the intron sequence
between exon 14 and 15 of the MLHI1 gene. This A-G
mutation was located at position -19 near the splice
acceptor site of this intron. This alteration can potentially
cause exon skipping and formation of alternative MLH1
splicing transcripts (37-39). Neither alteration has been
reported in the literature for malignant melanoma.

The presence of mutations of DNA mismatch repair genes
in melanoma brain metastases confirmed the high genomic
instability of these lesions. Such alterations were not found
in the earlier stages of progression of malignant melanoma
(lentigos and primary cutaneous tumors) (22). Our results
support the existence of a mutator phenotype that develops
at an early stage in the formation of human tumors and
results in an intrinsic genetic instability. Brain melanoma
metastases represent the last stages of the malignant spread
of a tumor. A high rate of genetic instability, mutations and
a reduced level of mismatch gene expression also support
Vogelstein’s hypothesis that mutations are the primary cause
of human tumors and that these can result from errors in
DNA sequencing or DNA damage (40). The results of this
study agree with these theories.

References

1 Brega K, Robinson WA, Winston K and Wittenberg W:
Surgical treatment of brain metastases in malignant melanoma.
Cancer 66: 2105-2110, 1990.

2 Posner JB: Management of brain metastases. Rev Neurol 748:
477-487, 1988.

3 Saphner TJ, Gallion HH, van Nagell JR, Kryscio R and Patchell
RA: Neurologic complications of cervical cancer, a review of
2261 cases. Cancer 64: 1147-1151, 1989.

4 Au KG, Cabera M, Miller JH and Modrich P: Escherichia coli
mutY gene product is required for specific A-G—C-G mismatch
correction. Proc Natl Acad Sci USA 85: 9163-9166, 1988.

5 Su SS and Modrich P: Escherichia coli mutS-encoded protein
binds to mismatched DNA base pairs. Proc Natl Acad Sci USA
83: 5057-5061, 1986.

6 Welsh KM, Lu AL, Clark S and Modrich P: Isolation and
characterization of the Escherichia coli mutH gene product. J
Biol Chem 262: 15624-15629, 1987.

7 Aaltonen LA, Peltomaki P, Leach FS, Sistonen P, Pylkkénen L,
Mecklin JP, Jarvinen H, Powell SM, Jen J and Hamilton SR:
Clues to the pathogenesis of familial colorectal cancer. Science
260: 812-815, 1993.

8 Aarnio M, Mecklin JP, Aaltonen LA, Nystrom-Lahti M and
Jarvinen HJ: Life-time risk of different cancers in hereditary
non-polyposis colorectal cancer (HNPCC) syndrome. Int J
Cancer 64: 430-433, 1995.

9 Fishel R, Lescoe MK, Rao MR, Copeland NG, Jenkins NA,
Garber J, Kane M and Kolodner R: The human mutator gene
homolog MSH2 and its association with hereditary
nonpolyposis colorectal cancer. Cell 75: 1027-1038, 1993.

10 Vogelstein B, Fearon ER and Hamilton SR:Genetic alterations
during colorectal tumor development. New Engl J Med 319:
525-532, 1988.

11 Bronner CE, Baker SM, Morrison PT, Warren G, Smith LG,
Lescoe MK, Kane M, Earabino C, Lipford J and Lindbloom A:
Mutation in the DNA mismatch repair gene homologue
hMLHI1 is associated with hereditary nonpolyposis colorectal
cancer. Nature 368: 258-261, 1994.

12 Hahn SA and Schmiegel WH: Mutationen der Gene hMSH?2
und hMLH1 sind fir 90% der hereditiren kolorektalen
Karzinome verantwortlich. Z Gastroenterol 33: 135-137, 1995.

985



ANTICANCER RESEARCH 24: 981-986 (2004)

13 Papadopoulos N and Lindblom A: Molecular basis of HNPCC:
Mutations of MMR genes. Hum Mut 70: 89-99, 1997.

14 Cunningham JM, Shan A, Wick MJ, Bostwick DG and
Thibodeau SN: Allelic imbalance and microsatellite instability
in prostatic adenocarcinoma. Cancer Res 56: 4475-4482, 1996.

15 Loeb LA: Microsatellite instability: marker of a mutator
phenotype in cancer. Cancer Res 54: 5059-5063, 1994.

16 Mutter GL, Boynton KA, Faquin WC, Ruiz RE and Jovanovic
AS: Allelotype mapping of unstable microsatellites establishes
direct lineage continuity between endometrial precancers and
cancers. Cancer Res 56: 4483-4486, 1996.

17 Paulson TG, Wright FA, Parker BA, Russack V and Wahl GM:
Microsatellite instability correlates with reduced survival and
poor disease prognosis in breast cancer. Cancer Res 56: 4021-
4026, 1996.

18 Seymour AB, Hruban RH, Redston M, Caldas C, Powell SM,
Kinzler KW, Yeo CJ and Kern SE: Allelotype of pancreatic
adenocarcinoma. Cancer Res 54: 2761-2764, 1995.

19 Korabiowska M, Dengler H, Kellner S, Stachura J and Schauer
A: Decreased expression of MLH1, MSH2, PMS1 and PMS2 in
pigmented lesions indicates accumulation of failed DNA repair
along with malignant transformation and tumor progression.
Oncol Rep 4: 653-655, 1997.

20 Korabiowska M, Brinck U, Dengler H, Stachura J, Schauer A
and Droese M: Analysis of the DNA mismatch repair proteins
in malignant melanomas. Anticancer Res 20: 4499-4506, 2000.

21 Korabiowska M, Ruschenburg I, Schlott T, Kubitz A, Brinck U
and Droese M: Relation between DNA-ploidy status and the
expression of DNA-mismatch repair genes MLH1 and MSH?2
in cytological specimens of melanoma lymph node and liver
metastases. Diagn Cytopathol 24: 157-162, 2000.

22 Korabiowska M, Viehover M, Schlott T, Berger H, Droese M
and Brinck U: Relationship between DNA-ploidy related
parameters and the deletions in mismatch repair genes MLH1
and MSH2 in lentigo maligna and malignant melanomas. Arch
Dermatol Res 293: 219-225, 2001.

23 Gomori E, Fulop Z, Meszaros I, Doczi T and Matolcsy A:
Microsatellite analysis of primary and recurrent glial tumors
suggests different modalities of clonal evolution of tumor cells.
J Neuropathol Exp Neurol 67: 396-402, 2002.

24 Leung SY, Chan TL, Chung LP, Chan AS, Fan YW, Hung KN,
Kwong WK, Ho JW and Yuen ST: Microsatellite instability and
mutation of DNA mismatch repair genes in gliomas. Am J
Pathol 753: 1181-1188, 1998.

25 Lee SE, Johnson SP, Hale LP, Li J, Bullock N, Fuchs H,
Friedman A, McLendon R, Bigner DD, Modrich P and
Friedman HS: Analysis of DNA mismatch repair proteins in
human medulloblastoma. Clin Cancer Res 4: 1415-1419, 1998.

26 Alvino E, Fernandez E and Pallini R: Microsatellite instability
in primary brain tumors. Neurol Res 22: 571-575, 2000.

27 Zhu J, Guo SZ, Beggs AH, Maruyama T, Santarius T, Dashner
K, Olsen N, Wu JK and Black P: Microsatellite instability
analysis of primary human brain tumors. Oncogene 712: 1417-
1423, 1996.

986

28 Hussein MR, Roggero E, Sudilovsky EC, Tuthill RJ, Wood GS
and Sudilovsky O: Alterations of mismatch repair protein
expression in benign melanocytic naevi, melanocytic dysplastic
naevi, and cutaneous malignant melanomas. Am J Dermatopathol
23:308-314, 2001.

29 Rass K, Gutwein P, Welter C, Meineke V, Tilgen V and
Reichrath J: DNA mismatch repair enzyme hMSH2 in
malignant melanoma increased immunoreactivity as compared
to acquired melanocytic nevi and strong mRNA expression in
melanoma cell lines. Histochem J 33: 459-467, 2001.

30 Staibano S, Lo Muzio L, Pannone G, Somma P, Farronato G,
Franco-Bambini F, Serpico R and DeRosa G: P53 and hMSH?2
expression in basal cell carcinomas and malignant melanomas
from photoexposed areas of head and neck region. Int J Oncol
19: 551-559, 2001.

31 Hussein MR, Sun M, Tuthill RJ, Roggero E, Monti JA,
Sudilovsky E, Wood GS and Sudilovsky O: Comprehensive
analysis of 112 melanocytic skin lesions demonstrates
microsatellite instability in melanomas and dysplastic nevi but
not in benign nevi. J Cutan Pathol 28: 343-350, 2001.

32 Kroiss MM, Vogt TM, Schlegel J, Landthaler M and Stolz W:
Microsatellite instability in malignant melanomas. Acta Derm
Venerol 81: 242-245, 2001.

33 Quinn AG, Healy E, Rehman I, Sikkink S and Rees JL:
Microsatellite instability in human non-melanoma and
melanoma skin cancer. J Invest Dermatol 104: 309-312, 1995.

34 Richetta A, Ottini L, Fralchetti M, Innocenzi D, Bottoni U,
Faiola R, Mariani-Costantini R and Calvieri S: Instability at
sequence repeats in melanocytic tumors. Melanoma Res /1:
283-289, 2001.

35 Talwalkar VR, Scheiner M, Hedges LK, Butler MG and
Schwartz HS: Microsatellite instability in malignant melanoma.
Cancer Genet Cytogenet 104: 111-114, 1998.

36 Runger TM, Emmert S, Schadendorf D, Diem C, Epe B and
Hellfritsch I: Alterations of DNA repair in melanoma cell lines
resistant to cisplatin, fotemustine or etoposide. J Invest
Dermatol 174: 34-39, 2000.

37 Charbonnier N, Martin C, Scotte M, Silbert L., Moreau V and
Frebourg T:Alternative splicing of MLH1 messenger RNA in
human normal cells. Cancer Res 55: 1839-1841, 1995.

38 Clarke LA, Veiga I, Isidro G, Jordan P, Ramos JS, Castedo S
and Boavida MG: Pathological exon skipping in an HNPCC
proband with MLHI1 splice acceptor site mutation. Genes
Chromosome Cancer 29: 367-370, 2000.

39 Tanko Q, Franklin B, Lynch H and Knezetic J: A hMLH1 genomic
mutation and associated mRNA defects in a hereditary non-
polyposis colorectal cancer family. Mutat Res 503: 37-42, 2002.

40 Eshleman JR and Markowitz D: Microsatellite instability in
inherited and sporadic neoplasms. Curr Opin Oncol 7: 83-89, 1995.

Received December 23, 2003
Accepted February 12, 2004



