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Fas (Apo-1/CD95) is a cell-surface receptor involved
in cell death signaling. The key role of the Fas system
in negative growth regulation has been studied
mostly within the immune system, and somatic mu-
tations of Fas gene in cancer patients have been de-
scribed solely in lymphoid-lineage malignancies.
However, many nonlymphoid tumor cells have been
found to be resistant to Fas-mediated apoptosis,
which suggests that Fas mutations, one of the possi-
ble mechanisms for Fas resistance, may be involved
in the pathogenesis of nonlymphoid malignancies as
well. In this study, we have analyzed the entire coding
region and all splice sites of the Fas gene for the
detection of the gene mutations in 44 human malig-
nant melanomas in skin by polymerase chain reac-
tion, single-strand conformation polymorphism, and
DNA sequencing. Overall , 3 tumors (6.8%) were found
to have the Fas mutations, which were all missense
variants and identified in the cytoplasmic region
(death domain) known to be involved in the transduc-
tion of an apoptotic signal. The data presented here
suggest that somatic alterations of the Fas gene might
lead to the loss of its apoptotic function and contrib-
ute to the pathogenesis of some human malignant
melanomas. (Am J Pathol 1999, 154:1785–1791)

The Fas-Fas ligand (FasL) system has been recognized
as a major pathway for the induction of apoptosis in cells
and tissues.1 Fas is a member of the death receptor
subfamily of the tumor necrosis factor receptor superfam-
ily. Fas has three cysteine-rich extracellular domains and
an intracellular death domain essential for signaling.2,3

Ligation of Fas by either agonistic antibody or its natural
ligand transmits a death signal to the target cells, poten-
tially triggering apoptosis.3–8

Fas is widely expressed in normal and neoplastic
cells4 but the expression of this protein does not neces-
sarily predict susceptibility to killing.9 This can reflect the
presence of inhibiting mechanisms of Fas-mediated ap-
optosis. Fas-mediated apoptosis can be blocked by sev-
eral mechanisms, including the production of soluble
Fas,10 the lack of cell-surface Fas expression,11–13 the
overexpression of inhibitory proteins in signal transduc-
tion pathways such as Fas associated phosphatase-114

and FLICE-inhibitory protein (FLIP),15 and the mutation of
the primary structure of Fas.16–25

The consequences of the Fas gene mutations have
been well demonstrated in germline mutation models of
this gene.16–21 Mice bearing the Fas gene mutation (lpr)
have an abnormality of mature T-cell deletion in the pe-
ripheral tissues, resulting in lymphadenopathy, spleno-
megaly, and systemic autoimmune disease.16 Germline
mutations of the Fas gene in human also results in auto-
immune lymphoproliferative syndrome (ALPS), which is
characterized by an increase in double-negative T cells
and profound lymphadenopathy,17–21 as observed in lpr
mice. Most of the Fas mutations in ALPS were point
mutations in the death domain, were heterozygous, and
showed a dominant negative phenotype.17–19 Interest-
ingly, the lpr mice have been reported to have spontane-
ous development of plasmacytoid tumors26 and some
ALPS patients have been reported to have malignan-
cies,19–21including multiple tumor development in one
patient.19 Although it is not clear if the tumors that oc-
curred in ALPS patients arose as a result of Fas muta-
tions, it is conceivable that Fas mutation might influence
tumor development in these patients.

The key role of the Fas system in negative growth
regulation has been studied mostly within the immune
system1 and somatic mutations of Fas gene in cancer
patients have been described solely in lymphoid-lineage
malignancies, including multiple myelomas,22 childhood
T-cell lymphoblastic leukemias,23 adult T-cell leu-
kemias,24 and non-Hodgkin’s lymphomas.25 Therefore,
resistance against Fas-mediated apoptosis may lead to
a longer survival of affected tumor cells and might con-
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tribute to tumorigenesis of these lymphoid-lineage malig-
nancies.

There is mounting evidence that disruption of the Fas
system occurs frequently in nonlymphoid malignancies
as well.9–12,27,28 To date, however, somatic mutations of
Fas gene, one of the possible mechanisms that mediate
the disruption of the Fas system, have not yet been
reported in nonlymphoid malignancies, including cutane-
ous malignant melanoma (MM). In addition, previous loss
of heterozygosity (LOH) studies have suggested that loss
of one or more putative tumor suppressor genes at chro-
mosome 10q may be involved in the development of
cutaneous MM.29–32 One of the candidate genes in this
region is Fas located at chromosome 10q24.1.3 In the
present study, to characterize the potential apoptosis-
resistant pathway of the Fas system in human cutaneous
MM, we analyzed a series of 44 cutaneous MMs for
somatic mutations of the Fas gene.

Materials and Methods

Tissue Samples and Microdissection

Paraffin-embedded tissues of human cutaneous MM
were obtained from 44 surgically treated patients. All
MMs analyzed showed vertical growth pattern. Diagnosis
of each case had been confirmed by dermatopatholo-
gists morphologically and, if necessary, by immunohisto-
chemistry and electron microscopy.

Malignant cells were selectively procured from hema-
toxylin and eosin-stained sections using a 30G1/2 hypo-
dermic needle (Becton Dickinson, Franklin Lakes, NJ)
affixed to a micromanipulator, as described previously.33

We also microdissected infiltrating lymphocytes from the
slides and used them for corresponding normal DNA.
This microdissection technique used in this study has
been proven to be precise and effective for procurement
of tumor cells without normal cell contamination.33

Single-Strand Conformation Polymorphism
(SSCP) Analysis for Mutation and LOH

Genomic DNA each from normal lymphocytes or tumor
cells was amplified with primer pairs covering the entire
coding region and parts of the promoter region of Fas
gene (Table 1). Oligonucleotide primers were designed
with the program Oligo (National Biosciences, Plymouth,
MN) using sequences obtained from GenBank (acces-
sion No. M67454). Each polymerase chain reaction
(PCR) was performed under standard conditions in a
10-ml reaction mixture containing 1 ml of template DNA,
0.5 mmol/L of each primer, 0.2 mmol/L of each de-
oxynucleotide triphosphate, 1.5 mmol/L MgCl2, 0.4 units
of Taq polymerase, 0.5 mCi of [32P]dCTP (Amersham,
Buckinghamshire, UK), and 1 ml of 103 buffer. The re-
action mixture was denatured for 1 minute at 94°C and
incubated for 40 cycles (denaturing for 40 seconds at
94°C, annealing for 40 seconds at variable temperatures
as described in Table 1, and extending for 40 seconds at
72°C). Final extension was continued for 5 minutes at

72°C. After amplification, PCR products were denatured
5 minutes at 95°C at a 1:1 dilution of sample buffer
containing 98% formamide/5 mmol/L NaOH and were
loaded onto a SSCP gel (FMC Mutation Detection En-
hancement system, Intermountain Scientific, Kaysville,
UT) with 10% glycerol. After electrophoresis, the gels
were transferred to 3-mm Whatman paper and dried and
autoradiography was performed with X-OMAT film (East-
man Kodak, Rochester, NY). For the detection of muta-
tions, DNAs showing mobility shifts were cut out from the
dried gel and reamplified for 35 cycles using the same
primer set. Sequencing of the PCR products was carried
out using the cyclic sequencing kit (Perkin-Elmer, Foster
City, CA) according to the manufacturer’s recommendation.

Because it has been known that four biallelic polymor-
phisms at positions 21377 (promoter region), 2670 (pro-
moter region), 416 (exon 3), and 836 (exon 7) are located
in Fas gene,34,35 SSCP analysis at these polymorphic
sites was used for the detection of both LOH and muta-
tions. The PCR and SSCP conditions of LOH study were
the same with the condition described above. Complete
or nearly complete absence of one allele in tumor DNA of
informative cases, as defined by direct visualization, was
considered as LOH.

Immunohistochemistry

Rabbit antibody for human Fas (C-20, Santa Cruz Bio-
technology, Santa Cruz, CA) was used to detect Fas on
paraffin-embedded tissue sections. Immunohistochemi-
cal procedures were performed as described previous-
ly.36 Tumors were interpreted as positive for Fas by im-
munohistochemistry when at least weak to moderate
cytoplasmic staining was seen in greater than 30% of the
neoplastic cells. The Fas immunostaining was judged to
be antibody-specific by several criteria, including use of
normal rabbit sera at the same dilution produced no
consistent immunostaining of any cells; intensity of the
signal diminished as the dilution of antibody was in-
creased; and preincubating antibody with blocking pep-
tide of Fas (Santa Cruz Biotechnology) abrogated the
positive immunostaining. The results were reviewed inde-
pendently by three pathologists.

Results

Fas Gene Mutations

Using the microdissection technique we successfully
procured tumor cells from histological sections of 44
MMs, as shown in Figure 1, A and B. Genomic DNA was
isolated and analyzed for potential mutations in all nine
exons of the Fas gene by PCR-SSCP analysis. Enrich-
ment and direct sequence analysis of aberrantly migrat-
ing bands led to the identification of mutations in 3 of 44
samples (6.8%) (Table 2 and Figure 2A). None of the
normal samples showed evidence of mutations by SSCP
(Figure 2A), indicating the mutations detected in the MM
specimens had risen somatically.
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All 3 mutations identified were missense variants (Fig-
ure 2, B and C, and Table 2) and were detected in exon
9, which encodes the death domain region of the Fas.2,3

One of the mutations (case 5) showed a G-to-A transition
at bp 963 (Figure 2B). This mutation would result in the
substitution of Ala to Thr at codon 241. An A-to-G transi-
tion in case 9 was identified at bp 991 (Figure 2C),
causing the substitution of Asn to Ser at codon 250. Case
20 showed a G-to-A transition at bp 993 (Table 2), result-
ing in the substitution of Val to Ile at codon 251. We
repeated the experiments three times, including tissue
microdissection, PCR, SSCP, and sequencing analysis to
ensure the specificity of the results, and found the data
were consistent (data not shown).

Allelic Status

Because missense mutations in the death domain of Fas
in patients with ALPS have been suggested to affect
receptor function in a dominant-negative fashion,17–19 we

examined the allelic status of Fas in tumors carrying
missense mutations. Overall, 31 of 44 cases (70%) were
informative for at least one of the four polymorphic mark-
ers, and 11 of 31 (35%) informative cases showed LOH
with one or more markers. The heterozygosity rates of the
two polymorphic markers in exon 3 and 7 (primers 3A
and 7) were too low for LOH study, whereas 30 of 44
(68%) cases showed heterozygosity with one or both of
the two polymorphic markers in the promoter region
(primers PA and PB) of the Fas gene.

In the three cases with the Fas gene mutations, one
(case 5) showed LOH with marker PB (Figure 2D and
Table 2). Another mutation case (case 20) was not infor-
mative for the polymorphic markers (Table 2). The re-
maining mutation case (case 9) was heterozygous for
marker PA, but did not show LOH (Table 2). Interestingly,
however, SSCP pattern of case 9 at the mutation sites
(exon 9) showed only aberrant bands of mutant allele
without those of the wild-type allele (Figure 2A), and
sequencing analysis also revealed only mutation se-

Table 1. Primers Used in PCR-SSCP Assay of Fas Gene

Primer (site of PCR) Sequence Size of PCR product (bp) Annealing temperature (°C)

PA-F (promoter) 59-ccatcctccttatcccacttcttt-39
124 60

PA-R 59-gcttgtctctgttccacctttca-39
PB-F (promoter) 59-ggcgcaacatctgtactttttcat-39

145 58
PB-R 59-agccttggctaattgctggagt-39
1-F (exon 1) 59-ctcttctcccgcgggttggt-39

171 61
1-R 59-cactttgcctatccccgggactaa-39
2-F (exon 2) 59-gttgcttacttcagaaatcaataa-39

249 53
2-R 59-actgtaatctctggatgttttgt-39
3A-F (exon 3) 59-acttcccaccctgttacctg-39

192 60
3A-R 59-catcacacaatctacatcttctgc-39
3B-F (exon 3) 59-gtacacagacaaagcccatttttc-39

171 57
3B-R 59-gtgtcaacatagcaccacagtagg-39
4-F (exon 4) 59-cgcgataactaatagtttccaa-39

228 55
4-R 59-ctctcagtcagtgttacttcccta-59
5-F (exon 5) 59-aattattctgccaggcttttg-39

180 53
5-R 59-gattggtttttcttcacatctttc-39
6-F (exon 6) 59-tttcatataatatgccaatgttcc-39

145 60
6-R 59-cttcccccaagttatttcaat-39
7-F (exon 7) 59-ctacaaggctgagacctgagtt-39

164 55
7-R 59-tttcaaggaaagctgatacctatt-39
8-F (exon 8) 59-ttgtctttctctgcttccatt-39

117 53
8-R 59-attggcctattactctaaaggatg-39
9A-F (exon 9) 59-tgctggagtcatgacactaagt-39

163 50
9A-R 59-caatgtgtcatacgcttctttc-39
9B-F (exon 9) 59-taattggcatcaacttcat-39

175 49
9B-R 59-gaatttgttgtttttcactcta-39
9C-F (exon 9) 59-ggttttcactaatgggaatttcat-39

191 50
9C-R 59-cttcattgacaccattctttcg-39

F, forward primer; R, reverse primer.
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quence without wild-type one (Figure 2C), indicating ei-
ther homozygous mutation or hemizygous mutation with
allelic loss. Therefore, although SSCP analysis at the
polymorphic sites did not provide direct evidence of the
second allele status in this mutation cases, the SSCP
patterns at mutation sites and sequencing analysis sug-
gested that the second allele of Fas in case 9 had been
also altered. In cases without Fas mutation, 10 of 29
(34%) informative cases showed evidence of allelic loss
(Table 2).

Immunohistochemistry

We demonstrated Fas expressions in MMs by immuno-
histochemistry. The MMs analyzed showed immunoreac-
tivity for Fas in 26 of 44 cases (59%). Fas immunostain-
ing, when present, was cytoplasmic and along the cell
membranes; nuclei were clearly negative (Figure 3). All
three MMs with Fas mutations showed positive immuno-
staining for Fas.

Discussion

The aim of this study was to detect Fas gene alterations,
one of the possible mechanisms that may mediate Fas
resistance in cutaneous MM in vivo. Although we do not
actually know whether MM is resistant to Fas-mediated
apoptosis in vivo, some data support the idea that MM
may be resistant to Fas-mediated apoptosis. For exam-
ple, some MM cell lines were reported to have resistance
to Fas-mediated apoptosis, despite expressing Fas.27,28

In the present study, we have systematically examined
the Fas gene and documented somatic mutations in 3 of
44 MMs. These findings, together with the recent dem-
onstration of a similar frequency of Fas mutations in lym-
phoid-lineage malignancies, suggest that Fas mutations
may be involved in the development of different types of
human malignancies, including MM.

Although functional studies have not yet been per-
formed, some of the mutations identified in the present
study are likely to disrupt or alter the normal function of
Fas. To date, loss-of-function mutations of Fas in lpr
mice,16 ALPS patients,17–21 and some lymphoid malig-
nancies,22–25 have been identified in the promoter and
exons 2, 3, 4, 6, 7, 8, and 9. However, most of the
mutations have been detected in exon 9, which encodes
death domain. The death domain is evolutionarily highly
conserved and has been shown to be necessary and
sufficient for the transduction of an apoptotic signal.1–3 In
the current study, all three Fas mutations were identified
in this conserved area, suggesting that the mutations
might disrupt death signaling.

Figure 1. Microdissection of cutaneous MM. A: MM cells are arranged in
irregularly shaped nests in the epidermis. The needle tip (arrow) is attached
to a tumor cell nest. B: Tumor cell nest was dissected, leaving large holes
behind. Original magnification, 3150

Table 2. Mutations and LOH of Fas Gene in Malignant Melanomas

Case No.

LOH analysis

Codon
Mutation

site
Nucleotide

change Predictive effectPA PB 3 7

5 NI LOH NI NI 241 Exon 9 963 G to A Ala 3 Thr
9 – NI NI NI 250 Exon 9 991 A to G Asn 3 Ser

20 NI NI NI NI 251 Exon 9 993 G to A Val 3 Ile
11* LOH – NI NI
12* LOH NI NI NI
16* LOH NI NI NI
24* LOH NI NI NI
25* LOH NI NI NI
28* LOH LOH NI NI
29* – LOH NI NI
36* LOH – NI NI
37* NI NI LOH –
39* LOH – NI NI

LOH, loss of heterozygosity; NI, not informative.
*Cases with LOH and without somatic mutation of Fas.
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In multiple myeloma, Landowski et al22 identified an
identical point mutation in two different patients that gen-
erates an amino acid substitution at 253. Mutations of
codon 248 and 256 of Fas were also identified in non-
Hodgkin’s lymphomas.25 Furthermore, two ALPS patients
were reported to have a 2-bp deletion that generates an
unrelated amino acid sequence beginning at residue
254.18 Of the 3 Fas gene mutations in MMs, 2 mutations

generated amino acid substitution at residues 250 and
251, which are close to the Fas mutations described
above, indicating that this area may be a potential hot
spot in the Fas coding sequence.

Most of the patients with ALPS carry a heterozygous
mutation in the Fas gene.17–19 In the ALPS, the affected
Fas protein seemed to work in a dominant-negative fash-
ion, and T lymphocytes from these patients did not die on

Figure 2. Mutations and deletions of Fas gene in cutaneous MM. SSCP (A and D) and sequencing analysis (B and C) of DNA from tumors (Lane T) and normal
tissues (Lane N). A: Part of exon 9 was amplified using primer set 9A. Left, SSCP of DNA from tumor (T) of case 5 shows wild-type bands and additional aberrant
bands as compared to SSCP from normal lymphocytes (N). Right, SSCP of DNA from tumor (T) of case 9 shows only 2 aberrant bands without any wild-type bands
as compared to SSCP from normal lymphocytes (N). B: Sequencing analysis from aberrant band of case 5. There is a G-to-A transition at nucleotide 963 (arrow)
in tumor tissue as compared to normal tissue. C: Sequencing analysis from aberrant band of case 9. There is an A-to-G transition at nucleotide 991 (arrow) in tumor
tissue as compared to normal tissue. D: Detection of allelic loss by amplifying a region encompassing the biallelic polymorphism, 2670, in the Fas promoter. Left,
representative SSCP showing retention of heterozygosity. Right, a representative pattern of LOH. Loss of two bands was observed in DNA from tumor cells (T)
compared to the SSCP from normal cells (N).
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activation.17–19 Binding of FasL to Fas protein induces
trimerization of Fas protein and FADD/MORT-1 and Daxx,
the adapter proteins of Fas, bind to the trimerized Fas
cytoplasmic region (death domain). Then, FADD/MORT-1
and Daxx transmit apoptotic signals.37,38 In our study,
one Fas mutation (case 20) seemed to have hemizygous
mutations without allelic deletion (Table 2). Therefore, in
this case it is possible that the hemizygously mutated Fas
protein(s) may bind with other normal Fas protein(s) to
construct a structurally abnormal Fas trimer, which might
have a defect in binding to the adapter proteins. In con-
trast, case 5 showed evidence of alterations of both
alleles (Table 2) and case 9 showed only aberrant bands
of mutant allele without those of the wild-type allele on
SSCP of exon 9 (Figure 2A), indicating potential biallelic
inactivation of the Fas gene in these cases. These bial-
lelic inactivations of the Fas gene may also lead to ab-
normal construction of Fas-trimer, but the functional dif-
ference between monoallelic and biallelic inactivations of
Fas gene alterations in the tumorigenesis of MM remains
unknown at this stage.

Previous reports have identified Fas protein expression
in about half of primary MMs and cultured MM cell
lines.27,28,39 In agreement with these reports, we ob-
served Fas protein expression in 26 of 44 MMs (59%).

The Fas gene mutations in 3 MMs, all of which showed
Fas expression by immunohistochemistry, might be in-
volved in the mechanisms of Fas resistance of those
tumors. Other MMs with positive Fas expression may
have another strategies, including the expression of bcl-
240 and FLIP,15 to mediate the Fas resistance. In the MMs
that were not shown to express Fas protein, loss or down-
regulation of the protein may be another way to avoid
Fas-mediated apoptosis.

Several lines of evidence suggest that the loss of Fas
function can enhance lymphoid tumor development. For
example, lymphomatogenesis driven by the Em-myc
transgene was shown to be markedly accelerated in lpr
mice compared to wild-type mice, confirming a causal,
rather than correlative, role for Fas loss in tumor devel-
opment.41 Spontaneous development of B-cell lymphoid
tumors in lpr mice also indicated that Fas gene mutation
plays a key role in tumorigenesis.26 Moreover, somatic
Fas gene mutations in human cancers have been found
exclusively in lymphoid malignancies.22–25 These are well
correlated with the facts that ALPS patients and lpr mice
have shown phenotypical abnormalities only in the lym-
phoid system .16–21 However, we were able to find so-
matic mutations of Fas gene in cutaneous MM, one of the
nonlymphoid malignancies, potentially extending the
concept of loss of Fas function to the pathogenesis of
nonlymphoid malignancies as well and it is possible that
Fas gene mutations may occur widely in nonlymphoid
malignancies. Clearly, therefore, studies are now needed
that attempt to find the potential Fas gene mutations in
other nonlymphoid malignancies.

References

1. Nagata S: Apoptosis by death factor. Cell 1997, 88:355–365
2. Itoh N, Nagata S: A novel protein domain required for apoptosis:

mutational analysis of human Fas antigen. J Biol Chem 1993, 268:
10932–10937

3. Itoh N, Yonehara S, Ishii A, Yonehara M, Mizushima S, Sameshima M,
Hase A, Seto Y, Nagata S: The polypeptide encoded by the cDNA for
human cell surface antigen Fas can mediate apoptosis. Cell 1991,
66:233–243
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