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In a rodent system, melanoma cells expressing Fas
ligand (FasL) could kill Fas-positive lymphocytes,
suggesting that FasL expression was an essential
factor for melanoma cell survival in vivo. These
findings led us to investigate apoptosis, and to his-
tochemically analyze involvement of Fas and FasL
in the induction of apoptosis, in human malignant
melanoma tissues. The percentages of terminal de-
oxynucleotidyl transferase–mediated biotin–dUTP
nick end-labeling (TUNEL)-positive melanoma cells
and of proliferating cell nuclear antigen (PCNA)-
positive melanoma cells in melanoma tissues (n �
22) were greater than those in melanocytes in un-
involved skin (n � 6) and nevus cells in nevi tissues
(n � 9). The infiltrating lymphocytes around mela-
nomas were also TUNEL positive. Immunohisto-
chemistry revealed expression of Fas and FasL in
melanoma cells and lymphocytes, whereas no Fas
or FasL expression was detected in normal skin me-
lanocytes and nevus cells. There was significant cor-
relation between Fas-positive indices and TUNEL
indices in melanoma tissues. Moreover, TUNEL-,
Fas-, and FasL-positive indices of melanoma cells
from patients with Stage 3 melanomas were signif-
icantly lower than those with Stage 2 melanomas.
The PCNA index of Stage 1 melanoma was signifi-
cantly lower than that of the other stages, although
the difference of PCNA index was insignificant
among Stages 2 to 4. Among Stages 1 to 4, there was
no difference in the PCNA, TUNEL-, and Fas-
positive indices of lymphocytes, although the FasL-
positive index of lymphocytes from Stage 3 melano-
mas was significantly lower than in that from Stage
2. These data reveal that melanoma cells and infil-

trating lymphocytes have the potential to induce
their own apoptosis regulated by Fas and FasL in an
autocrine and/or paracrine fashion and that the
decline of Fas-mediated apoptosis of melanoma
cells, rather than the apoptosis of infiltrating lym-
phocytes, may affect the prognosis of melanoma
patients, possibly through the accumulation of
more aberrant cells acquiring metastatic activity.
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Tumor growth depends on the degree of imbalance
between cell proliferation and cell loss (1). Cell loss
is mostly due to cell death, which can be catego-
rized into necrosis and apoptosis. In recent years,
the biological importance of apoptosis has been
recognized in tissue homeostasis (2–4), neurologi-
cal disorders (5), autoimmune diseases (6), and var-
ious malignancies (7–11). Of particular interest has
been the important role played by apoptosis in the
development of cancers, including hepatocellular
carcinoma (7), breast carcinoma (8), gastric cancer
(9), colon cancer (10), and brain tumors (11).
Among skin cancers, malignant melanoma is still
one of the most aggressive malignant neoplasms
and carries a poor prognosis (12). Mooney et al. (13)
reported that the ratio of apoptotic to mitotic tumor
cells in malignant melanomas is histologically
lower than that in basal cell carcinomas. Moreover,
Saida et al. (14) reported that the proliferation rate
of tumor cells in malignant melanomas was lower
than that of squamous cell carcinoma, although the
prognosis of patients with melanomas is poorer
than that of squamous cell carcinomas. Therefore,
the frequency of apoptosis, rather than the prolif-
erative activity in melanoma cells, may be an es-
sential parameter that regulates the growth of
melanomas.
Apoptosis is an active process of cell death, ini-

tially defined by Kerr et al. (15) on the basis of
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morphological features, which included shrinkage
of the nucleus and cytoplasm, chromatin conden-
sation to the nuclear periphery, and fragmentation
of the cell. Histochemical detection by terminal
deoxynucleotidyl transferase-mediated biotin-
dUTP nick end-labeling (TUNEL) of double-
stranded DNA breaks has been widely used as a
simple method for identifying apoptotic nuclei (16).
Significant attention is currently being paid to the
process of apoptosis because it is induced by acti-
vation of specific genes, implying that cell death
can be manipulated.

Fas (APO-1/CD95), an Mr 45,000 transmembranous
glycoprotein, is a member of the tumor necrosis fac-
tor/nerve growth factor receptor family, known to be
expressed in a variety of lymphoid and tumor cells (2,
3, 17, 18). Fas ligand (FasL), a natural ligand of Fas,
has recently been identified as an Mr 31,000 Type II
transmembranous glycoprotein that initiates the ap-
optotic process in activated T lymphocytes by binding
to surface Fas (18–20). Recently, Hahne et al. (21)
reported that melanoma cells express FasL in meta-
static lesions of human melanomas. Thus, melanoma
cells seem to be capable of killing infiltrating Fas-
bearing activated lymphocytes adjacent to melanoma
cells. Maeda et al. (22) also found that human mela-
noma cells expressed FasL in primary lesions,
whereas there was no expression of FasL in melano-
cytic nevus cells and normal melanocytes. More re-
cently, it has been reported that FasL-positive mela-
noma cells and TUNEL-positive lymphocytes were
found in primary lesions of human melanomas (23,
24). It is possible that melanoma cells may induce
apoptosis of lymphocytes mediated by Fas system.
Furthermore, the expression of FasL on melanoma
cells in metastatic lesions was correlated to the stages
of melanomas (24). However, our knowledge of Fas
expression in melanoma cells and of the interaction
between melanoma cells and infiltrating lymphocytes
in primary human malignant melanomas is still
limited.

In this study, we focused on apoptosis of mela-
noma cells and infiltrating lymphocytes in human
melanoma tissues. To gain insight into the mecha-
nism of induction of apoptosis, we investigated the
expression of Fas and FasL in melanoma tissues
using immunohistochemical methods. To clarify
the influence of apoptosis of melanoma cells and
lymphocytes on the prognosis of melanoma pa-
tients, we also examined the correlation between
frequency of apoptosis and stage of disease.

MATERIALS AND METHODS

Reagents
3,3' Diaminobenzidine-4 HCl (3,3'-diamino-

benzidine) was purchased from Dojin Chemical Co.

(Kumamoto, Japan). Bovine serum albumin and
Brij 35 were obtained from Sigma Chemical Co. (St.
Louis, MO). The Apoptosis In Situ Detection Kit for
TUNEL and all other reagents in this study were
obtained from Wako Pure Chemical Industries
(Osaka, Japan).

Antibodies
The antibodies used were polyclonal rabbit anti-

Fas (Fas/APO-1/CD95) antibody (anti-Fas C; 2),
polyclonal rabbit anti-FasL antibody (anti-P5; 2),
and monoclonal mouse anti-proliferating cell nu-
clear antigen (PCNA) antibody (DAKO, Glostrup,
Denmark, clone PC-10). The preparation and spec-
ificity of anti-Fas C (25) and anti-P5 (26) have been
described elsewhere.

Specimens of Malignant Melanoma
Surgical specimens of cutaneous malignant mel-

anoma lesions were obtained from 9 men and 13
women who ranged in age from 24 to 89 years.
Table 1 lists the tumors studied, tumor classifica-
tion, Breslow tumor thickness, Clark level of inva-
sion (27), and tumor stage. Tumors were catego-
rized into four stages based on the American Joint
Cancer Council staging protocol: Stage 1, primary
tumor of 0–1.5 mm thickness and no further
spread; Stage 2, primary tumor of 1.5–4.0 mm
thickness and no spread; Stage 3, primary lesions
with tumor thickness of �4.0 mm (Clark Level V) or
local lymph node involvement; Stage 4, spread be-
yond the local regional lymph nodes (28). The 22
melanoma specimens included four cases with
Stage 1, five with Stage 2, six with Stage 3, and seven
with Stage 4 melanomas. The patients with Stage 4
disease had distant metastases. No chemothera-
peutic agents or biological response modifiers had
been administered before surgery. As a control, sur-
gical specimens of melanocytic nevi were obtained
from five men and four women who ranged in age
from 12 to 86 years. All patients gave informed
consent for the clinical and laboratory research be-
fore commencement of the study.

Tissue Preparation and Histopathology
Surgical specimens were fixed in 10% neutralized

formalin and embedded in paraffin according to a
standard protocol. Serial sections (4 �m in thick-
ness) were cut from the specimens and used for
routine histological examination, TUNEL assay,
and immunohistochemical analysis. These sections
were mounted on aminopropyltriethoxysilane-
coated slides (Matsunami Glass, Inc., Osaka, Ja-
pan). The paraffin sections were deparaffinized
with 100% toluene at room temperature and there-
after hydrated stepwise through 100%, 95%, 90%,
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80%, and 70% ethanol baths. For histopathological
examination, sections were stained with hematox-
ylin and eosin. After measurement of tumor thick-
ness, melanoma specimens were classified as Clark
Level I to V. To identify melanocytes, melanoma
cells, and infiltrating lymphocytes, serially prepared
hematoxylin and eosin–stained sections were used.

Demelanization
The majority of melanoma cells contained mela-

nin granules, which often disturbed the observation
of histochemical signals. To decolorize melanin in
the samples, we optimized the conditions of de-
melanization in preliminary trials with 0.3% potas-
sium permanganate and 0.2% oxalic acid. Optimum
demelanization was obtained with successive use of
0.3% potassium mangan tetroxide for 4 minutes
and 0.2% oxalic acid for 5 minutes.

TUNEL Staining
TUNEL assays were performed to identify nuclei

with DNA strand breaks in histological sections,
according to the instructions provided by the man-
ufacturer. Briefly, deparaffinized sections were
treated with proteinase K (5 �g/mL) for 15 minutes
at 37° C, preincubated with terminal deoxynucleo-
tidyl transferase buffer for 60 minutes, and then
incubated with biotinylated 16-dUTP for 120 min-
utes at room temperature. After the sections were
washed in phosphate-buffered saline (PBS), endog-
enous peroxidase activity was inactivated by im-
mersing them in 3% H2O2 in methanol for 5 min-
utes. The sections were then incubated with
horseradish peroxidase (HRP)-labeled anti-biotin
antibody (1:100) diluted with 5% bovine serum al-

bumin/PBS for 30 minutes at room temperature.
After washing in PBS, the HRP-labeled sites
were visualized with a chromogen solution, con-
taining 3,3'-diaminobenzidine, H2O2, CoCl2, and
NiSO4(NH4)2SO4, to enhance signal intensity (29).
After visualization, the sections were counter-
stained with 2% methyl green for 5 minutes. As a
negative control, some slides were incubated with-
out terminal deoxynucleotidyl transferase.

Immunohistochemistry

Fas and FasL
Immunohistochemistry for Fas and FasL was per-

formed according to the method reported previously
by Wang et al. (3) with a slight modification, as de-
scribed below. After demelanization, sections were
immersed in 0.3% H2O2 in methanol for 30 minutes
and then preincubated with 500 �g/mL normal goat
IgG in 1% bovine serum albumin in PBS for 60 min-
utes at room temperature. They were then incubated
with anti-Fas antibody (1:200) or anti-FasL antibody
(1:200) diluted with 1% bovine serum albumin in PBS
overnight at room temperature. After washing in PBS
with 0.075% Brij 35, a nonionic detergent, the slides
were incubated with HRP goat anti-rabbit IgG (1:100).
HRP-labeled sites were visualized using H2O2 and
3,3'-diaminobenzidine in 0.05 M Tris/HCl buffer (pH
7.6) for 10 minutes, and the slides were then counter-
stained with 2% methyl green for 5 minutes. As a
control, some specimens were incubated with normal
rabbit serum (1:200) in place of the primary antibody.

Proliferating Cell Nuclear Antigen
Immunostaining was performed according to the

instructions provided with the DAKO Enhanced

TABLE 1. Profiles of Patients with Malignant Melanomas

Age Sex Histopathological Classification Clark Level Tumor Thickness (mm) Stage

1 32 Male Acral lentiginous melanoma (ALM) I In situ 1
2 58 Male ALM I In situ 1
3 24 Female Superficisal spreading melanoma (SSM) II 0.5 1
4 57 Female ALM II 0.6 1
5 81 Female ALM III 1.3 2
6 38 Female SSM III 1.6 2
7 82 Female ALM III 1.7 2
8 67 Male ALM IV 2.3 3
9 54 Female ALM IV 2.7 2

10 55 Male SSM IV 2.8 4
11 87 Female ALM IV 2.9 3
12 54 Female ALM IV 3.2 2
13 50 Female Nodular melanoma (NM) IV 3.2 3
14 69 Male ALM IV 3.5 4
15 61 Female NM IV 3.7 4
16 57 Male ALM V 5.0 3
17 86 Female NM V 5.5 3
18 68 Male ALM V 5.8 3
19 60 Male NM V 6.0 4
20 70 Male NM V 6.2 4
21 45 Female NM V 6.8 4
22 89 Female ALM V 8.0 4
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Polymer One-Step Staining PCNA antibody kit.
Some sections were also incubated with DAKO En-
hanced Polymer One-Step Staining Negative Con-
trol, containing rabbit and mouse immunoglobu-
lins and HRP coupled to an inner polymer
backbone without antibody. HRP-labeled sites were
visualized by H2O2 and 3,3'-diaminobenzidine, and
the slides were then counterstained with 2% methyl
green for 5 minutes.

Quantitative and Statistical Analysis
The percentages of cells staining positive for the

various antigens assayed were calculated in mela-
noma cells and infiltrating lymphocytes in melano-
mas, nevus cells in melanocytic nevi, and melano-
cytes in uninvolved skin tissues. The numbers of
PCNA- and TUNEL-positive cells were counted in
five fields under a light microscope at 200� mag-
nification. To avoid a possible bias in counting, we
selected five fields randomly to count a total of
2000–5000 per specimen, irrespective of the pe-
riphery part or center part of the tumor. In the case
of the early-stage melanomas, we prepared consec-
utive sections and counted cells on every five sec-
tions to reach �2000 cells of total count. The ratio
of the number of TUNEL-positive cells to the num-
ber of PCNA-positive cells was calculated and ex-
pressed as the TUNEL–PCNA ratio. The ratio of the
number of PCNA-positive cells to the total number
of cells was determined as the PCNA index.
TUNEL-, Fas- and FasL-positive indices were simi-
larly calculated for each case. These results were
expressed as a percentage (mean � SEM). To com-
pare these indices among melanomas, melanocytic
nevi and uninvolved skin, we performed the Mann–
Whitney U test. To elucidate the induction of apo-
ptosis by expression of Fas and FasL, the correla-
tions among TUNEL, Fas, and FasL indices of
melanoma cells and lymphocytes were statistically
analyzed using Spearman’s rank correlation test.
Mann-Whitney’s U test and Spearman’s rank cor-
relation test were performed using StatView soft-
ware, Version 4.5 (Abacus Software, Inc., Berkeley,
CA). To investigate the correlation between these
indices and prognosis, these indices were also cal-
culated for each stage of melanoma, and the statis-
tical analysis was performed using Mann-Whitney’s
U test. P � .05 was considered statistically
significant.

RESULTS

Proliferative Activity Assessed by PCNA Staining
in Melanoma Tissues

For the purposes of this study, it was essential to
distinguish melanoma cells from lymphocytes.

Generally, lymphocytes contain scant cytoplasm
and intensely stained small nuclei. On the basis of
these histological features, identification of lym-
phocytes in hematoxylin and eosin–stained sec-
tions was possible. As shown in Figures 1A and 2A,
PCNA-positive melanoma cells were abundant,
whereas only a few positive lymphocytes were ob-
served, and these were restricted to the periphery of
the melanomas. In comparison, among melanoma
cells, nevus cells, and melanocytes, the PCNA indi-
ces in melanocytic nevi and uninvolved skin were
quite low (Fig. 3A). When the PCNA index of mela-
noma cells was compared among different stages,
the index of Stage 1 melanoma was significantly
lower than that of the other stages, and the differ-
ence in PCNA index was not statistically significant
among Stages 2 to 4, as shown in Table 2. There was
no statistically significant correlation between the
PCNA index of lymphocytes and any melanoma
stage (Table 3).

Frequency of Apoptosis Assessed by
TUNEL Staining

To identify cells with DNA strand breaks at an
individual cell level, we performed TUNEL staining.
In melanoma specimens, TUNEL-positive mela-
noma cells and lymphocytes with shrunken nuclei
were randomly located (Figs. 1B, 2B). As shown in
Figure 2B, the TUNEL index of melanoma cells
(0.64 � 0.06%) was significantly greater than that of
nevus cells in melanocytic nevi (0.40 � 0.05%; P �
.05) and that of melanocytes in uninvolved skin
(0.23 � 0.03%; P � .05). Interestingly, TUNEL-
positive lymphocytes were found surrounding mel-
anoma cells, and the TUNEL index of lymphocytes
(3.82 � 0.58%) was significantly higher than that of
melanoma cells. Comparison between melanoma
stages showed that the TUNEL indices of mela-
noma cells of Stages 3 and 4 were lower than that of
cells of Stage 2, as shown in Table 2. In addition,
when terminal deoxynucleotidyl transferase was
omitted from the TUNEL reaction mixture as a neg-
ative control, the sections were essentially blank
(data not shown).

TUNEL/PCNA Ratio of Melanoma Cells
The TUNEL–PCNA ratio was calculated to assess

the balance between cell proliferation and cell
death. As shown in Figure 3C, the ratio in mela-
noma cells was significantly lower than that in ne-
vus cells (P � .001) and that in melanocytes (P �
.0001). When the ratio for melanoma cells was com-
pared among different stages of melanoma pa-
tients, an inverse correlation became evident, as
shown in Table 2. In contrast, there was no signif-
icant correlation between the TUNEL–PCNA ratio
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in lymphocytes and melanoma stage (data not
shown).

Expression of Fas and FasL in
Malignant Melanoma

To assess the involvement of Fas and FasL in the
induction of apoptosis in melanoma cells and infil-
trating lymphocytes, we investigated Fas and FasL
expression in melanoma tissues using immunohis-
tochemistry. As shown in Figures 1C and 2C, some
melanoma cells and lymphocytes were clearly Fas
positive. FasL-positive melanoma cells and lym-
phocytes were also detected in the serial sections
(Figs. 1D, 2D). However, we could not find the
coincidence of Fas-positive cells and TUNEL-
positive cells in serial sections (data not shown). As
shown in Figure 3D–E, the Fas index of melanoma
cells was 0.31 � 0.03%, and the FasL index was 0.33
� 0.04%. Nevus cells in melanocytic nevi and me-
lanocytes in uninvolved skin were essentially neg-
ative for Fas and FasL.

The Fas indices of melanoma cells in Stage 3 and
4 melanoma cases were significantly lower than
those of Stage 1 and 2 (P � .05, each, Table 2).

Similarly, the FasL indices of melanoma cells in
Stage 3 and 4 melanoma cases were lower than
those of Stage 1 and 2 (P � .05, each). As shown in
Figure 3D–E, the Fas index of lymphocytes was 0.68
� 0.09%, and the FasL index was 1.05 � 0.18%.
There was no significant correlation between Fas
indices of lymphocytes and melanoma stages (Ta-
ble 3). Conversely, the FasL indices of lymphocytes
from cases with Stage 3 and 4 disease were signifi-
cantly lower than those from cases with Stage 1 and
2 disease.

Statistical analysis of the correlation between
TUNEL and Fas or FasL indices revealed a highly
positive correlation between the Fas and TUNEL
indices of melanoma cells (Fig. 4A; r � 0.895, P �
.0001). A positive correlation was also found be-
tween FasL and TUNEL indices of melanoma cells
(Fig. 4B; r � 0.770, P � .001), between Fas and
TUNEL indices of lymphocytes (Fig. 5A; r � 0.747, P
� .05), and between FasL and TUNEL indices of
lymphocytes (Fig. 5B; r � 0.608, P � .01). Moreover,
the correlation between the TUNEL index of mela-
noma cells and the FasL index of lymphocytes was
significantly positive (Fig. 6A; r � 0.729, P � .001),

FIGURE 1. Staining for proliferating cell nuclear antigen (PCNA), DNA strand breaks (terminal deoxynucleotidyl transferase–mediated biotin–dUTP
nick end-labeling; TUNEL), Fas, and FasL in melanoma tissue (Stage 2; Case 4). A, proliferating melanoma cells (closed arrowheads) and
lymphocytes (open arrowheads) exhibited immunohistochemical staining for anti-PCNA antibody (230�). B, apoptotic melanoma cells (closed
arrowheads) and lymphocytes (open arrowheads) were identified by TUNEL assay (230�). C, Fas-expressing melanoma cells (closed arrowheads)
and lymphocytes (open arrowheads) were revealed by immunohistochemistry (230�). D, in the serial section of Panel C, FasL-expressing melanoma
cells (closed arrowheads) and lymphocytes (open arrowheads) were identified by immunohistochemistry (230�).
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although the correlation between the TUNEL index
of lymphocytes and FasL index of melanoma cells
was marginal (Fig. 6B; r � 0.465, P � .05).

DISCUSSION

In this study, we investigated the occurrence of
apoptosis in malignant melanoma tissues and the
possible involvement of the Fas and FasL system in
apoptosis of melanoma cells and infiltrating lym-
phocytes. The major finding of our study was that
Fas expression in melanoma cells correlated signif-
icantly with the frequency of apoptosis of mela-
noma cells and that apoptosis of melanoma cells
affected the prognosis of melanoma patients. We
also found that both melanoma cells and infiltrat-
ing lymphocytes can express Fas and FasL in clin-
ical specimens, extending the earlier findings that
Fas is expressed in infiltrating lymphocytes (21) and
FasL is expressed in melanoma cells (21–24),
though the lymphocyte apoptosis in itself was not
significantly related to the prognosis. Therefore,
these results indicate that the melanoma cell apo-
ptosis mediated by the Fas–FasL system may affect

the growth of melanoma and the prognosis of mel-
anoma patients.

Because the growth of malignant tumors de-
pends on imbalance between cell proliferation and
cell loss (1), knowing only the proliferation rate or
only the apoptotic rate is not sufficient to under-
stand the kinetics of tumor growth. The correlation
between proliferation and apoptosis has recently
been investigated in malignant epidermal neo-
plasms, including squamous cell carcinoma, basal
cell carcinoma, and Bowen’s disease (30). Although
malignant melanoma is associated with a poor
prognosis compared with these epidermal neo-
plasms, only a few reports have emerged concern-
ing the relationship between proliferation and ap-
optosis of malignant melanoma cells (13). In the
present study, we first assessed the TUNEL–PCNA
ratio of melanoma cells as a tentative parameter of
the balance between cell proliferation and cell
death and found that the TUNEL–PCNA ratio was
inversely correlated with melanoma stage. Consid-
ering that the PCNA index or TUNEL index of mel-
anoma cells alone was not sufficient to discriminate
Stages 1 to 3, we suggest that the TUNEL–PCNA

FIGURE 2. Staining for proliferating cell nuclear antigen (PCNA), DNA strand breaks (terminal deoxynucleotidyl transferase–mediated biotin–dUTP
nick end-labeling; TUNEL), Fas, and FasL in melanoma tissue (Stage 4; Case 22). A, proliferating melanoma cells (closed arrowheads) and
lymphocytes (open arrowheads) exhibited immunohistochemical staining for anti-PCNA antibody (230�). B, a few apoptotic melanoma cells (closed
arrowheads) and lymphocytes (open arrowheads) were detected by TUNEL assay (230�). C, Fas-expressing melanoma cells (closed arrowheads)
and lymphocytes (open arrowheads) revealed by immunohistochemistry (230�). D, in the serial section of Panel C, a few FasL-expressing melanoma
cells (closed arrowheads) and lymphocytes (open arrowheads) were identified by immunohistochemistry (230�).
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ratio may be a better parameter to predict the prog-
nosis of malignant melanoma patients.

Maeda et al. (22) have recently shown that nevus
cells are FasL negative. In accordance with this
finding, we also found benign nevus cells and me-
lanocytes to be negative for FasL and that both cell
types were negative for Fas. Conversely, Fas and
FasL indices of melanoma cells were greater than

those of nevus cells and melanocytes. Moreover,
the TUNEL and Fas indices and the TUNEL–PCNA
ratio of melanoma cells in Stage 3 melanomas were
significantly lower than those in Stage 2 melano-
mas. In Stage 3, the thickness of primary tumor is
�4.0 mm, or local regional lymph node involve-
ment is present. In Stages 1 and 2, there is no
metastatic lesion. Therefore, it might be possible

TABLE 2. PCNA, TUNEL, Fas and FasL Indices of Melanoma Cells from Stage 1 to 4

Melanoma
Cells

PCNA (%) TUNEL (%) TUNEL/PCNA Fas (%) FasL (%)

Stage 1 (n � 4) 15.98 � 2.41 0.80 � 0.10 0.051 � 0.002 0.37 � 0.05 0.41 � 0.07
Stage 2 (n � 5) 24.76 � 0.42 0.90 � 0.12 0.037 � 0.005 0.44 � 0.03 0.61 � 0.02
Stage 3 (n � 6) 25.54 � 0.96 0.60 � 0.11 0.023 � 0.004 0.29 � 0.05 0.26 � 0.09
Stage 4 (n � 7) 24.85 � 1.09 0.39 � 0.08 0.016 � 0.003 0.30 � 0.06 0.16 � 0.04

* p � 0.05.

TABLE 3. PCNA, TUNEL, Fas and FasL Indices of Lymphocytes from Stage 1 to 4

Lymphocytes PCNA (%) TUNEL (%) Fas (%) FasL (%)

Stage 1 (n � 4) 1.45 � 0.39 4.59 � 1.71 0.76 � 0.26 1.19 � 0.55
Stage 2 (n � 5) 2.69 � 0.61 6.24 � 1.99 1.06 � 0.18 2.22 � 0.39
Stage 3 (n � 6) 2.32 � 0.45 4.07 � 1.23 0.68 � 0.20 0.84 � 0.22
Stage 4 (n � 7) 1.96 � 0.60 3.16 � 1.05 0.38 � 0.04 0.50 � 0.09

* p � 0.05.

FIGURE 3. Various indices of melanoma cells, nevus cells, and melanocytes. A, proliferating cell nuclear antigen (PCNA) index, B, terminal
deoxynucleotidyl transferase–mediated biotin–dUTP nick end-labeling (TUNEL) index, C, TUNEL–PCNA ratio, D, Fas index, and E, FasL index.
Values are means � SEM. The indices of lymphocytes in melanoma tissue were 2.10 � 0.27% in PCNA, 3.82 � 0.58% in TUNEL, 2.162 � 0.270 in
TUNEL–PCNA, 0.68 � 0.09% in Fas, and 1.05 � 0.18% in FasL.
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that the changes in the expression of Fas and FasL
genes, accompanying the induction of melanoma
cell apoptosis, are linked with any genetic disorders
that follow the acquisition of the metastatic activity
by melanoma cells. On the other hand, the differ-
ence in TUNEL, Fas, and FasL indices of melanoma
cells was small between Stages 1 and 2, although
the PCNA index of Stage 2 was significantly greater
than that of Stage 1. Stage 1 is the early stage of
melanoma, and the progression of melanomas
from Stage 1 to Stage 2 may be mainly associated
with the acceleration of proliferating activity in
melanoma cells. In invasive stages, including Stages
3 and 4, the decline of apoptosis of melanoma cells
would be more important to prognosis of mela-
noma patients than would the proliferation of those
cells. Furthermore, the difference in PCNA, TUNEL,
Fas, and FasL indices of melanoma cells was small
between Stages 3 and 4, indicating that the stages of
features might be an extension of the Stage 3 mel-

anoma without any further alterations in prolifera-
tion or apoptotic activity. Thus, the low frequency
of apoptosis and Fas expression may contribute to
the poor prognosis of malignant melanoma. These
findings indicate that a critical point for molecular
therapy for malignant melanoma may be the in-
crease of Fas expression in melanoma cells.

Statistical analysis of the correlation between
TUNEL and Fas or FasL indices revealed that the
most positive correlation was between the TUNEL
and Fas indices of melanoma cells. Recently, it has
been also reported that melanoma cells that were
induced to express Fas by transfection of the Fas
gene underwent apoptotic cell death in vivo (31).
These results strongly indicate that Fas expression
may be tightly associated with induction of apopto-
sis in melanoma cells. However, in the present
study, we did not observe direct evidence that Fas-
positive cells were also TUNEL positive in serial
sections. In this context, it should be noted that

FIGURE 4. A, correlation between Fas index and terminal
deoxynucleotidyl transferase–mediated biotin–dUTP nick end-labeling
(TUNEL) index of melanoma cells. r � 0.895, P � .0001, Spearman’s
rank correlation test. B, correlation between FasL index and TUNEL
index of melanoma cells. r � 0.770, P � .001, Spearman’s rank
correlation test.

FIGURE 5. A, correlation between Fas index and terminal
deoxynucleotidyl transferase–mediated biotin–dUTP nick end-labeling
(TUNEL) index of lymphocytes. r � 0.747, P � .05, Spearman’s rank
correlation test. B, correlation between FasL index and TUNEL index of
lymphocytes. r � 0.608, P � .01, Spearman’s rank correlation test.
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apoptotic cells may no longer express Fas antigen
because dying cells would not alter their gene ex-
pression profile (18). Furthermore, it is not clear
whether cell surface antigens are maintained dur-
ing the apoptotic process.

In accordance with our findings, recent flow-
cytometric analysis has revealed that Fas-positive
melanoma cells decreased as primary melanoma
thickness progressively increased (32). In addition,
it has been reported that the increased soluble Fas
level correlates with poor prognosis in advanced
melanomas (33, 34) and that the soluble FasL levels
in melanoma patients are higher than those in
healthy donors (34). Because soluble Fas binds FasL
on cell surface or soluble FasL, the increase of sol-
uble Fas may result in the protection of melanoma
cells from the Fas-FasL–dependent apoptosis. In
this content, it should be noted that Fas and FasL
indices of melanoma cells and lymphocytes de-

creased in Stage 3 and 4 melanomas. So, it is pos-
sible that soluble Fas and FasL come out from the
surface of melanoma cells and lymphocytes in
these advanced stages of melanoma.

Recently, investigation of apoptosis of Fas-
positive lymphocytes induced by FasL-expressing
tumor cells has been focused on tumor escape from
immunological rejection in various malignant neo-
plasms, including hepatocellular carcinoma (7), co-
lon cancer (18, 35), and melanoma (21, 23, 24).
Hahne (21) reported that FasL-expressing mela-
noma cells and Fas-positive lymphocytes were
found in metastatic melanoma lesions. In our
present study, we also detected Fas-expressing mel-
anoma cells and FasL-expressing lymphocytes, to-
gether with Fas-expressing lymphocytes and FasL-
expressing melanoma cells in the primary lesions.
Thus, it is possible that apoptosis of Fas-positive
melanoma cells may be induced by FasL-expressing
lymphocytes and melanoma cells. With respect to
the apoptosis of Fas-positive lymphocytes, it is pos-
sible that apoptosis of Fas-positive lymphocytes
might be induced by FasL-expressing melanoma
cells and lymphocytes in any stage. Indeed, we con-
firmed a significant correlation between the TUNEL
index of lymphocytes and the FasL index of mela-
noma cells. However, the PCNA, TUNEL, and
TUNEL–PCNA indices of lymphocytes did not cor-
relate with melanoma stage. Furthermore, the indi-
ces of PCNA, TUNEL, Fas, and FasL were not sig-
nificantly different among stages in our study.
Thus, it might be possible that the apoptosis of
lymphocytes would be less important for progres-
sion of melanomas than that of melanoma cells.
Rather, the apoptosis of melanoma cells attacked
by lymphocytes and melanoma cells themselves
should be necessary for therapy.

In conclusion, our study showed that melanoma
cells and infiltrating lymphocytes may undergo ap-
optosis mediated through Fas and FasL in an auto-
crine and/or paracrine manner and that Fas-
mediated apoptosis of melanoma cells may affect
the prognosis of melanoma patients.
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