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Microphthalmia transcription factor, a melanocytic
nuclear protein critical for the embryonic develop-
ment and postnatal viability of melanocytes, is a
master regulator in modulating extracellular sig-
nals. Recently, microphthalmia transcription factor
expression was shown to be both a sensitive and
specific marker of epithelioid melanoma. We inves-
tigated the sensitivity of D5, an anti–microphthal-
mia transcription factor antibody, for diagnosis of
clear cell sarcoma (also known as malignant mela-
noma of soft parts). Immunoreactivity in a nuclear
pattern for D5 was present in 8 of 12 (75%) tumors.
D5 staining was strong in three tumors, moderate in
two, and weak in three. S-100 protein expression
was seen in all 12 cases that had clear cell sarcoma
examined. HMB-45 staining was seen in 11 of 12
(92%) tumors. Focal Melan-A positivity was seen in
3 of 7 (43%) tumors. Although D5 was shown in a
previous study to be a highly sensitive and specific
marker for epithelioid melanomas, the results of
this study expand the spectrum of tumors showing
immunoreactivity for D5. D5 immunoreactivity in
clear cell sarcoma provides further evidence for
melanocytic differentiation in this unusual tumor.
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Clear cell sarcoma is an unusual and rare tumor
that most often presents on the distal extremities of
adolescents and young adults (1, 2). Most tumors
involve tendon, fascia, or aponeuroses. They are

aggressive tumors with a propensity for metastases
that may be delayed for many years after diagnosis.
Several lines of evidence for melanocytic differen-
tiation in clear cell sarcoma have been demon-
strated. Approximately two-thirds of tumors con-
tain melanin pigment visible on routine histologic
sections. Immunoreactivity for HMB-45, a relatively
specific melanoma marker, is present in most cases.
Ultrastructural examination usually demonstrates
melanosomes (3–5). Although many of the above
features point to melanocytic differentiation, clear
cell sarcoma is a distinctive tumor rather than sim-
ply a deep form of malignant melanoma. Charac-
teristic clinical and histopathologic features argue
that clear cell sarcoma is a unique entity. Perhaps
the most compelling evidence, however, is the
demonstration in the majority of clear cell sarco-
mas of a consistent translocation between chromo-
some 12 and 22 that is not seen in conventional
malignant melanoma (6 – 8). This translocation re-
sults in fusion of the EWS (Ewing’s sarcoma) gene
and ATF-1 (9).

Often it is difficult to distinguish large, deeply
invasive spindle cell melanomas that lack a demon-
strable in situ component from clear cell sarcoma
on the basis of histologic examination. Unfortu-
nately, there are currently no immunomarkers that
allow distinction between clear cell sarcoma and
conventional melanoma. In this study, we exam-
ined the immunoreactivity of clear cell sarcoma for
microphthalmia transcription factor (Mitf). Mitf,
the protein encoded by the microphthalmia (mi )
gene, has been shown to be essential for the devel-
opment and survival of melanocytes. Recently, D5,
a monoclonal antibody generated against human
Mitf, was shown to be reactive in 100% of epithe-
lioid melanomas studied (10). Herein, we report our
experience studying clear cell sarcoma by use of the
D5 antibody.
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MATERIALS AND METHODS

Twelve cases of clear cell sarcoma were retrieved
from the authors’ consultation files (CDMF) and
the files of Brigham and Women’s Hospital. Inclu-
sion in the study required that the tumor have
characteristic histologic features of clear cell sar-
coma without any evidence of in situ melanoma. In
one patient, tissue from a lung metastasis with a
primary clear cell sarcoma of the finger was used
for immunostaining. In all other patients, tissue
from the primary tumor was used for immunostain-
ing. Immunohistochemical studies were performed
on all cases using formalin-fixed, paraffin-
embedded tissue. Sections were cut at 4 mm and
dried at 37°C. Paraffin was removed by xylene, and
the sections were hydrated in a graded series of
alcohols. Primary antibodies included polyclonal
rabbit antibody S-100 protein (DAKO, Carpenteria,
CA) at 1:5000 dilution, mouse monoclonal antibody
HMB-45 (DAKO) at 1:400 dilution, Melan-A (DAKO)
at 1:200 dilution, and undiluted mouse monoclonal
antibody D5 (tissue culture supernatant) (10). No
pretreatment was used for S-100 and HMB-45
immunostains.

Microwave antigen retrieval for D5 and Melan-A
immunostains was performed with 10 mM citrate
buffer at pH 6.0 for 30 minutes at 92.8°C; next was
a 10-minute cooldown period. All staining was per-
formed with DAKO Envision1 detection system
and 3,39-diaminobenzidine1 as the chromogen.
Melanomas known to express the antigen of inter-
est were used as positive controls, whereas removal
of the primary antibodies in the test tissues was
used as negative controls. Only a nuclear pattern of
D5 staining was regarded as positive. HMB-45 an-
tibody staining was considered positive if cytoplas-
mic staining was present. S-100 protein was con-
sidered positive if there was both a cytoplasmic and
nuclear reaction. All staining (with the exception of
samples from one patient, whose slides were no
longer available for scoring) was quantitated as fo-

cal or weak staining (1) in rare cells (less than 5%),
moderate staining with strong positivity in 5 to 50%
of cells (11), and diffuse strong staining (111)
with more than 50% of cells immunoreactive.

RESULTS

Table 1 summarizes the clinical features of the 12
clear cell sarcomas we studied. As is characteristic
of clear cell sarcoma, most of the patients’ sarco-
mas arose on the distal extremities, particularly
near joints. Also characteristic of clear cell sarcoma
is the young age of the patients studied (median
age, 28.5 y). All patients showed classic histomor-
phologic features (Fig. 1).

Table 1 summarizes the results of studies with
S-100 protein, HMB-45, Melan-A, and D5 immu-
nostains. In one case, tissue from a pulmonary me-
tastasis in a patient with a primary finger tumor was
used for immunostudies. In all but one case, im-
munoreactivity was scored as focal, moderate, or
strong, as described above. Immunoreactivity in a
nuclear pattern for D5 was present in 8 of 12 tumors
(Fig. 2). D5 staining was strong in three tumors,
moderate in two, and weak in three. Nonspecific faint
cytoplasmic blush was seen in several tumors; S-100
protein expression was seen in all 12 tumors; focal
staining was seen in 6 of 11 tumors; and moderate
staining was present in 3 of 11. Strong staining for
S-100 was seen in only 2 of 11 tumors. HMB-45 stain-
ing was seen in 11 of 12 tumors. Staining for HMB-45
was strong in 5 of 11 tumors, moderate in 4 of 11
tumors and weak in 1 patient. Melan-A immunostain-
ing was performed in seven tumors. Focal Melan-A
positivity was seen in three tumors all of which were
reactive for D5.

DISCUSSION

Clear cell sarcoma is an uncommon tumor of
uncertain histogenesis that most often arises in as-

TABLE 1. Clear Cell Sarcomas: Clinical and Immunohistochemical Findings

Patient Age Sex Site S-100 HMB-45 D5 Melan-A

1 28 M Finger 1 11 111 2
2 15 M Pelvis 11 111 11
3 43 M Foot 111 111 1 1
4 9 M Lower back 1 111 11 1
5 22 F Knee 111 1 111
6 19 F Calf 11 11 1 1
7 33 F Hand 1 11 111 2
8 33 M Thigh 1 2 2 2
9 24 M Foot 11 111 1 2

10 36 M Triceps tendon 1 111 2
11 45 M Pulmonary metastasis

from finger
1 11 2

12 34 F Popliteal fossa 1* 1* 2

D, desmoplastic melanoma; F, female; M, male.
* Immunoresults not quantified.
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sociation with tendon, fascia, or aponeuroses (1, 2).
Several lines of evidence point to melanocytic dif-
ferentiation in clear cell sarcoma— hence the alter-
native designation “melanoma of soft parts.” In
many of these tumors, melanin pigment is appre-
ciated on routine light microscopy. Furthermore,
electron microscopic examination demonstrates
melanosomes in most tumors (3–5). Immunoreac-

tivity for HMB-45, an antibody that recognizes the
melanosome matrix protein pmel 17 or gp100 and
is relatively specific for melanocytic lesions, is usu-
ally seen.

Although many features point to melanocytic dif-
ferentiation, analysis of other data suggests clear
cell sarcoma is a distinctive tumor, not simply a
conventional-type melanoma that arises in soft tis-
sue. In addition to its distinctive clinical and his-
topathologic features, clear cell sarcoma shows a
consistent and distinctive translocation between
chromosomes 12 and 22 resulting in fusion of the
EWS gene and ATF-1 (6 –9). The presence of this
unique cytogenetic aberration, which has never
been described in conventional malignant mela-
noma, argues for the classification of clear cell sar-
coma as a distinct entity.

Compared with conventional melanoma, clear
cell sarcoma tends to have a deeper location and to
have more uniform cytologic features; in addition,
it often contains distinctive multinucleated giant
cells. Often, however, it is difficult to distinguish
large spindle cell melanomas that lack a demon-
strable in situ component from clear cell sarcoma
on the basis of histologic examination alone. Un-
fortunately, there are no currently used immuno-
markers that allow this distinction to be made. We
studied the immunoreactivity of clear cell sarcoma
for Mitf after encountering several tumors that were
nonreactive for the D5 antibody in hopes that it
might allow for this distinction. Mitf, the protein
encoded by the mi gene, has been shown to be
essential for the development and survival of me-
lanocytes and is thought to represent a central tran-
scriptional regulator of enzymes involved in mela-
nin biosynthesis. Like HMB-45, Mitf-D5 recognizes
a melanocyte antigen and shows reactivity for be-
nign melanocytes (nevus cells and normal skin me-
lanocytes) and melanoma cells. Consistent D5
staining in amelanotic epithelioid melanomas also
suggests that factors downstream from Mitf down-
regulate pigment production (10).

The monoclonal anti-Mitf antibody D5, gener-
ated against the N terminus of human microphthal-
mia protein, was recently shown to be sensitive for
melanoma diagnosis (10). In the latter series of 76
consecutively accessioned melanomas, all patients
showed nuclear reactivity for the D5 antibody. Fur-
thermore, S-100 and HMB-45 failed to detect five
and seven cases, respectively, of the 76 melanomas
that were immunoreactive for D5. The results of
this same study also suggested that Mitf is a specific
marker for melanocytic differentiation. None of the
60 nonmelanomas studied showed nuclear stain-
ing. Cytoplasmic staining, which is not considered
to be a positive result, was seen in two patients with
breast carcinoma.

FIGURE 1. Clear cell sarcoma. A mixture of spindled and epithelioid
cells have open chromatin and prominent nucleoli. There is a vague
nesting pattern (A). Other areas show floret-like multinucleated giant
cells, a helpful diagnostic clue (B) (Patient 7).

FIGURE 2. Clear cell sarcoma. Strong nuclear staining for
microphthalmia transcription factor is present in this tumor. Stromal
cells adjacent to the tumor are nonreactive (Patient 7).

8 Modern Pathology



Because a significant fraction of clear cell sarco-
mas, particularly metastatic lesions and those that
involve the superficial dermis, may be difficult to
distinguish from melanoma on simple morphologic
grounds, a marker that facilitates this distinction
would be welcome. We began our study hoping that
D5 would distinguish clear cell sarcoma from mel-
anoma. The results of our study show that D5 does
not accomplish this task. In fact, the 75% sensitivity
of D5 as a marker of clear cell sarcoma is greater
than the 26% sensitivity we found for spindle cell
and desmoplastic melanomas (11). This compari-
son is important because melanomas with spindle
cell cytomorphology are the most likely lesions to
be confused with clear cell sarcoma. Although D5
does not aid in the distinction of clear cell sarcoma
from melanoma, these findings are nevertheless
important in lending further support for melano-
cytic differentiation in clear cell sarcoma. We are
aware of one report in abstract form that reports
similar staining of clear cell sarcoma with D5. Koch
et al. (12) recently showed that 3 of 9 (33%) of clear
cell sarcomas investigated were immunoreactive
for D5.

It should be emphasized that only nuclear reac-
tivity is considered a positive result. A faint cyto-
plasmic blush was seen in samples from several
patients who showed nuclear reactivity for D5. In
our experience, faint cytoplasmic staining is often
seen in melanoma and is considered nonspecific.
Strong D5 cytoplasmic positivity was not seen in
any clear cell sarcomas in this series. Likewise, we
have not seen strong cytoplasmic positivity in any
melanomas. Strong cytoplasmic staining (in the ab-
sence of nuclear staining) has been identified in
breast carcinoma (10).

In conclusion, the majority of clear cell sarcomas
are immunoreactive for D5, an antibody against
Mitf. D5 is therefore not a useful marker for distin-
guishing melanoma from clear cell sarcoma. Immu-
noreactivity for D5 in clear cell sarcoma further
supports the hypothesis that this is a tumor dem-
onstrating true melanocytic differentiation. It is
possible that Mitf expression plays a role in cell
survival (13). If so, a more complete understanding

of its biochemical activities may lead to the exploi-
tation of Mitf as a therapeutic target. More study is
needed to further delineate the sensitivity and spec-
ificity of the D5 antibody.
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