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Clear cell sarcoma of soft parts is a rare soft tissue malignancy that shows phenotypic overlap with cutaneous
melanoma but can be distinguished by the presence of a t(12;22) translocation. Microsatellite instability (MSI), a
variation in the lengths of short repeat DNA segments in the genome, has been implicated in melanoma
tumorigenesis, but is rare or absent in clear cell sarcoma. Defects in the mismatch repair (MMR) enzyme
complex correlate with MSI in some tumor types, allowing the use of immunohistochemistry for the MMR
proteins hMLH1 and hMSH2 to predict the presence of MSI. To determine if the association between MMR
defects and MSI extends to clear cell sarcoma, we compared a group of nine clear cell sarcomas to 11
metastatic melanomas on the basis of MSI and the expression of MMR proteins. MSI was studied using
fluorescence-based multiplexed PCR of five loci. Immunohistochemistry was evaluated on formalin-fixed
paraffin-embedded tissue for hMLH1, hMHS2 and hMSH6. MSI was present in only 1/9 (11%) clear cell sarcoma
case and in 8/11 (73%) melanoma cases. Immunostaining for hMLH1 and hMSH2 was preserved in all the clear
cell sarcomas but loss of immunostaining for one or both proteins was seen in 6/11 melanomas (55%). hMSH6
was detected in 7/9 (78%) clear cell sarcomas and 10/11 (91%) of melanomas. Clear cell sarcoma and metastatic
melanoma differed significantly with respect to the presence of MSI (P¼ 0.010) and staining for hMLH1 and/or
hMSH2 (P¼ 0.014) but not hMSH6 (P¼ 0.57). Mismatch repair, and consequently genomic instability may
contribute to tumorigenesis in melanoma but not clear cell sarcoma. Immunostaining for hMLH1 and hMSH2
and MSI analysis may be helpful in the differential diagnosis of large soft tissue or visceral malignancies with
melanocytic differentiation.
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Clear cell sarcoma is a rare soft tissue malignancy
primarily affecting the deep soft tissues of the lower
extremities in young adults.1 Clear cell sarcoma
demonstrates immunohistochemical and ultrastruc-
tural evidence of melanocytic differentiation,2–7 but
is characterized by a t(12;22)(q13;q12) translocation.
The resulting fusion between the EWS and ATF1
genes has not been observed in melanoma, although
it may not be exclusive to clear cell sarcoma.8 Clear
cell sarcoma and metastatic melanoma are both
associated with poor prognosis. Nevertheless, the

5-year survival rate of clear cell sarcoma may be
superior to metastatic melanoma,5,9 thus conferring
clinical impact to an accurate diagnosis when the
differential includes these entities. The distinction
between clear cell sarcoma and a soft tissue
metastasis from a cutaneous or mucosal melanoma
can usually be made based on clinical parameters.
However, in the case of a metastasis from an occult
primary melanoma or a clear cell sarcoma in an
unexpected location, the distinction may pose a
diagnostic dilemma that can be resolved by mole-
cular methods.10–14 The similarity in immuno-
phenotype has lead to few immunohistochemical
methods that differentiate between the two malig-
nancies.15

Despite overlapping phenotypic features, little is
known about the histogenic relationship between
clear cell sarcoma and melanoma. In general,
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metastatic melanoma demonstrates both the chro-
mosomal instability pathway, characterized by com-
plex karyotypic abnormalities,16–19 and the mutator
pathway characterized by microsatellite instability
(MSI).20–23 Interestingly, clear cell sarcoma appears
to be microsatellite stable, at least in the few
cases thus far studied.24 MSI, the alteration in the
length of microsatellite DNA, has been most well
studied in carcinoma, but has also been identified
in some sarcomas and melanoma.25–29 In many
examples, MSI appears to be related to a loss of
function of the mismatch repair (MMR) enzyme
system.30 Defects in MMR affect the rate of sponta-
neous mutations leading to tumorigenesis and are
markers of genetic instability.20 Defective, decreased
or absent expression of three components of the
MMR system, hMLH1, hMSH2 and hMSH6, is most
commonly implicated in germline mutations in the
syndrome of hereditary non-polyposis colon cancer
(HNPCC).31–33 In sporadic tumors, immunohisto-
chemical stains for hMLH1 and hMSH2 have been
useful to measure reduced expression of these
proteins and thus predict MSI.34,35 The significance
of the loss of hMSH6 expression in sporadic tumors
is less well established.36,37

A growing body of evidence also supports a role
for MSI and defective MMR protein expression in
sarcoma and melanoma tumorigenesis.24,27,29,38–40

Reduced expression of hMSH2 has been associated
with a worse prognosis in soft tissue sarcomas as a
group,41 while absent hMLH1 and hMSH2 expres-
sion has been demonstrated in melanomas and
correlates with tumor progression.42–44 Inactivation
of hMLH1 or hMSH2 may correlate with MSI in
some sarcoma types28 but this association has not
been established for clear cell sarcoma. If MMR
protein expression is preserved in clear cell sarco-
ma, as might be predicted from the absence of MSI
previously reported24 but not metastatic melanoma,
these markers may prove of diagnostic utility in
ambiguous cases.

The purpose of this study was to examine the
difference in MSI and MMR protein expression
between clear cell sarcoma and soft tissue or visceral
melanoma metastases. We employed fluorescence-
based multiplex PCR to determine the presence of
MSI in nine well-characterized clear cell sarcomas
and 11 metastatic melanomas in which clear cell
sarcoma may be considered in the differential
diagnosis. Furthermore, we examined the expres-
sion of three MMR proteins, hMLH1, hMSH2 and
hMSH6, by immunohistochemistry to compare the
two groups of tumors.

Methods

Selection of Cases

Nine patients with clear cell sarcoma were identi-
fied from the Department of Pathology files of
University of California, San Francisco based on

light microscopy, immunophenotype and ultrastruc-
ture. We previously reported this series of tumors
and confirmed the presence of the EWS-ATF1 fusion
transcript by reverse transcriptase-PCR.15 The com-
parison group of eleven metastatic melanomas, also
previously reported, consisted of patients with
documented cutaneous primaries and lacked EWS-
ATF1 by RT-PCR.15 None of the patients in either
group met clinical criteria for hereditary non-
polyposis colon cancer to suggest germ line muta-
tions of MMR proteins.45

Microsatellite Instability

Appropriate areas of normal tissue and tumor were
selected from H&E stained slides. The correspond-
ing tissue (approximately 0.5 cm2) was microdis-
sected from 10 mm paraffin sections on unbaked,
unstained, glass slides. In all cases, normal and
tumor tissue was obtained from the same slide.
DNA was extracted using the DNeasy kit (Qiagen,
Valencia, CA, USA) according to the manufac-
turer’s directions. Each PCR reaction contained
5ml of DNA template, 0.4 mM of each fluorescently
labeled primer for one of five established micro-
satellite markers (two mononucleotide repeats:
BAT25, BAT26; three dinucleotide repeats D5S346,
D17S250 and D2S123),46,47 and 9 ml of True Allele
PCR Premix (Applied Biosystems, Foster City, CA,
USA). The primer sequences for the microsatellite
markers can be obtained from the Genome Database
(www.gdb.org). The amplification profile was
denaturation at 941C for 30 s, annealing at 551C for
45 s, extension at 721C for 1min over 40 cycles
followed by a final extension step at 721C for 10min.
The products were resolved using an automated
sequencer (ABI Prism model 3700 Genetic Analyzer,
Applied Biosystems, Foster City, CA, USA) using
ROX-labeled molecular weight markers and the
GeneScan software package (Applied Biosystems,
Foster City, CA, USA). Instability at a given locus
was defined by the presence of novel peaks, present
in tumor DNA, but absent in normal DNA. Using
criteria established for colorectal carcinoma, tumors
that demonstrated instability of Z2 informative loci
were classified as high microsatellite instability
(MSI-H) and those with instability at only 1 locus
were classified as low instability (MSI-L).46 Loss of
heterozygosity (LOH) was recorded when the ratio
of peak heights of two normal alleles to peak heights
of two tumor alleles was 42.0 or o0.5.48

Immunohistochemistry

Immunohistochemical analysis was performed
using standard techniques.49 Briefly, 4mm paraffin-
embedded sections were heated, de-paraffinized,
heated in citrate buffer, blocked for endogenous
peroxidase, avidin and biotin, incubated with
antibodies (Table 1), washed and developed using
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the LSAB kit (DAKO, Carpinteria, CA, USA). Colon
adenocarcinomas with previously documented loss
of nuclear hMSH1 and/or hMLH2 and normal colon
were used as controls. Slides were scored by both JG
and AEH who were blinded to the diagnosis and
MSI results. In the area dissected for MSI analysis,
staining was scored for the presence of nuclear
hMLH1, hMSH2 or hMSH6 as negative if there was a
complete absence of nuclear staining in tumor
cells.28,29,50 Cases with either focal or diffuse stain-
ing were interpreted as positive. Nuclear staining in
lymphocytes or adjacent normal tissue served as
internal positive controls in negative cases.

Statistical Analysis

The relationship between variables was tested by
the Fisher’s exact test. P-values o0.05 were con-
sidered statistically significant.

Results

Clinical Findings

Clinicopathologic characteristics of the clear
cell sarcoma and melanoma patients in this
study are summarized in Table 2 and have
been previously reported.15 The clear cell sarcoma
patients ranged from 19 to 72 years (average,
44.8 years) and five of nine were male. Five patients
presented with a primary lesion in the lower
extremity (foot, leg or groin) while the others had
tumors in the pelvis, axilla and arm (two). One
patient (C8) also had a metastasis available for study.
Tumor size in patients with clear cell sarcoma
ranged from 2 to 9 cm. Of the 11 patients with
metastatic melanoma, seven were male and ages
ranged from 29 to 84 years (average, 59.9 years).
Sites of tumor presentation in these patients were
groin (three), lung (three), axilla (two), neck, adrenal

Table 1 Antigen retrieval methods and primary antibodies used in immunostaining

Antigen Antibody Manufacturer Antigen retrieval Dilution Incubation

MLH1 G168-728 BD Pharmingen (San
Jose, CA, USA)

DAKO (Carpinteria, CA, USA) target retrieval Microwavea

15min at 100%, 10min at 50%, 15min 251C
1:50 60min 251C

MSH2 FE11 Oncogene Science
(San Diego, CA, USA)

DAKO (Carpinteria, CA, USA) target retrieval Microwave
15min at 100%, 10min at 50%, 15min 251C

1:70 60min 251C

MSH6 44 BD Pharmingen (San
Jose, CA, USA)

DAKO (Carpinteria, CA, USA) target retrieval Microwave
20min at 100%

1:100 16h 41C

a
950W microwave oven.

Table 2 Summary of clinical data, microsatellite instability and immunohistochemical results

Clinical data Microsatellite instability Immunohistochemistry

Patient Age Sex Site BAT26 BAT25 D5S346 D17S250 D2S123 MSI MLH1 MSH2 MSH6

C1 68 F Pelvis � � + � � MSI-L + + �
C2 29 F Arm � � � � � MSS + + +
C3 44 M Foot � � � � � MSS + + +
C4 47 F Leg � � � � � MSS + + +
C5 19 M Foot � � � � � MSS + + +
C6 72 M Foot � � � � � MSS + + �
C7 49 F Arm � � � � � MSS + + +
C8 50 M Leg � � � � � MSS + + +
C9 25 M Axilla � � � � � MSS + + +

M1 44 F Groin � � + + + MSI-H � � �
M2 84 M Axilla � � � � � MSS + + +
M3 70 M Groin � � � + � MSI-L � + +
M4 61 F Axilla � � LOH + + MSI-H + + +
M5 55 M Lung + LOH � + + MSI-H + + +
M6 76 M Neck � � � + + MSI-H � + +
M7 68 F Lung � � � � � MSS + + +
M8 29 M Adrenal � LOH � + � MSI-L � + +
M9 53 F Lung + � + LOH � MSI-H + � +
M10 44 M Bowel � � � � � MSS + + +
M11 75 M Groin + � � � � MSI-L + � +

F¼ female; M¼male; MSI¼microsatellite instability; MSI-L¼microsatellite instability low; MSI-H¼microsatellite instability high;
MSS¼microsatellite stable.
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gland and bowel. Melanoma tumor size ranged from
1 to 13 cm.

Microsatellite Instability

Microsatellite instability (MSI) was evaluated at five
loci: BAT25, BAT26, D5S346, D17S250 and D2S123.
Representative fragment patterns are shown in
Figure 1 and the results are summarized in Table 2.
Of the nine clear cell sarcomas, instability was
observed in only one tumor (11%), at a single locus
D5S346 (MSI-L). The remaining tumors showed
neither MSI nor LOH. A lymph node metastasis
from clear cell sarcoma patient C8 was also analyzed

and showed identical results the primary tumor
(data not shown). MSI was much more common in
the metastatic melanoma cases: eight of 11 (73%)
cases showed instability of at least one locus. More
specifically, instability at one locus (MSI-L) was
observed in three (27%) and instability at two or
more loci (MSI-H) in five (46%) cases. The mono-
nucleotide repeat BAT25, showed microsatellite
stability in all melanomas but LOH at BAT25 was
observed in two cases.

Immunohistochemical Analysis of MMR Proteins

Representative immunohistochemical data are illu-
strated in Figure 2 and the results summarized in
Table 2. The intensity of staining varied for these
markers, with hMLH1 showing the most consistent,
strong nuclear staining in positive cases. hMSH6
was absent in two (22%) clear cell sarcomas but at
least focal expression of hMLH1 and hMSH2 was
observed in every case. In the melanomas, hMLH1,
hMSH2 or hMSH6 was absent in four (36%), three
(27%) and one (9%) case(s), respectively. Simulta-
neous loss of all three proteins was noted in one
melanoma case (M1). The association between MSI
and loss of the MMR proteins was not absolute. For
example, melanoma cases M4 and M5 both demon-
strated MSI-H and yet demonstrated staining for all
three proteins. Conversely, clear cell sarcoma case
C6 was microsatellite stable but with absent hMSH6
staining. (Figure 2k) However, a statistically sig-
nificant difference between clear cell sarcoma and
melanoma was observed with respect to the pre-
sence of MSI (P¼ 0.010) and absence of hMLH1 and/
or hMSH2 (P¼ 0.014) but not hMSH6 (P¼ 0.57).

Discussion

Although clear cell sarcoma and cutaneous mela-
noma share similar morphologic, immunophenotypic
and ultrastructural features, the histogenic relation-
ship between the two malignancies is not comple-
tely defined. Clear cell sarcoma is characterized by a
t(12;22) translocation although additional karyo-
typic abnormalities are sometimes observed.10,51–53

Yet, the high degree of aneuploidy often present in
melanoma is less common in clear cell sarcoma.17 In
contrast to chromosomal instability, MSI is an
indicator of the mutator phenotype (genetic instabil-
ity) that permits the accumulation of insertion and
deletion mutations in proto-oncogenes and tumor
suppressor genes. Paradoxically, MSI has been
observed in malignant melanoma and some karyo-
typically complex sarcomas, but appears to be absent
in clear cell sarcoma.21,23,24,44 The presence of MSI
has been closely linked to defects in MMR proteins
in a variety of carcinomas and some sarcomas.28,30 In
the present study, we analyzed the difference in MSI
between clear cell sarcoma and large soft tissue or
visceral melanoma metastases and investigated

Figure 1 Representative microsatellite instability results in clear
cell sarcoma and melanoma. Each figure (a–c) shows micro-
satellite data for DNA extracted from normal tissue (upper panel)
and tumor (lower panel). Clear cell sarcoma C9 demonstrates
stability at all five loci (a). Melanoma M4 shows instability at
D17S250 and D2S123 and loss of heterozygosity at D5S346
(b). Melanoma M10 demonstrates stability at all five loci (c).
The relative locations of the markers are indicated at the top of
the figure as well by color as follows: D5S346 and D17S250
green; BAT25 and D2S123 blue; BAT26 black; molecular weight
markers red.
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whether the differences are associated with altered
expression of MMR proteins. Our study extends the
previous observation that MSI is very rare in clear
cell sarcoma24,54 and goes on to show that loss of the
MMR proteins hMLH1 and/or hMSH2, but not
hMSH6, is correspondingly more common in meta-
static melanoma than clear cell sarcoma.

The five microsatellite loci used in the present
study, commonly used for analyzing colon carci-
noma,47 are sufficient to detect a significant differ-
ence between clear cell sarcoma and metastatic
melanoma comparable to prior studies employing a
larger number of loci.24,54 The absence of MSI in
clear cell sarcoma is perhaps not surprising given
the rarity of MSI in soft tissue sarcomas as a group.28

Interestingly, the subset of sarcomas displaying MSI
consisted predominantly of those associated with
complex karyotypes and aneuploidy but without
recurrent translocations leading to unique gene-
fusions (malignant fibrous histiocytoma, leiomyo-
sarcoma).28 Although one apparent case of clear cell
sarcoma with MSI has been reported, the t(12;22)
status of the case was not specified.54 In keeping
with the observation that loss of hMLH1 and hMSH2
is rare in most sporadic malignancies,34,41,55 hMLH1
and hMSH2 expression was preserved in clear cell
sarcoma. However, we did note absence of hMSH6
in two clear cell sarcomas (only one of which
demonstrated MSI). Loss of hMLH6 is restricted
largely to germline mutations in ‘atypical’ HNPCC
families that also manifest a high frequency of
extracolonic malignancies, though its role in sarco-
mas is unknown.36,56,57 Germline MSH6 mutation or
deletion can also produce cancer susceptibility in
mice,37 but absent MSH6 expression has not been
associated with sporadic malignancies.

We specifically chose to study large soft tissue or
visceral melanoma metastases because such cases, in
the absence of a known primary, may mimic clear cell
sarcoma by routine histology, immunophenotype and
ultrastructure, and pose a diagnostic challenge. It is
important to recognize that the melanoma controls in
the present study consisted of metastases while the
clear cell sarcomas were primary tumors. Therefore,
the clear cell sarcomas, despite large size and deep
location, may represent an earlier stage of tumor
progression than the melanomas. In the single
available case of metastatic clear cell sarcoma (patient
C8), we observed absence of MSI and intact MMR
protein expression identical to the primary tumor
(data not shown). Nevertheless, as MSI and MMR
protein defects correlate with melanoma progres-
sion,23,54,58 it is possible that the metastatic melanoma

cases are at a later stage of malignant evolution than
the clear cell sarcomas. The differences in MSI
and MMR protein expression may, therefore, reflect
mechanistic differences in tumorigenesis or a mani-
festation of tumor progression.

We did not observe complete correlation between
MMR protein expression and MSI. Two cases of
metastatic melanoma showed intact expression of all
three MMR proteins studied despite the presence of
MSI. This finding may be explained by the presence
of expressed, but non-functional or dominant-negative
protein37 or loss of a component of the MMR system
that was not studied such as hMSH3 or hPMS2.30 In
contrast, one case of clear cell sarcoma demonstrated
absence of hMSH6 but showed microsatellite stability
at all loci studied. The findings may derive from
a redundant function of hMSH6 in MMR59–61 or
insufficient sensitivity of the five microsatellite loci
to detect genomic instability in every case.

The difference in MSI between clear cell sarcoma
and melanoma reported here and by others,24,54

while intriguing, probably does not represent an
advantage over molecular testing for t(12;22) as a
diagnostic tool. However, our study shows that
immunohistochemistry for hMLH1 or hMSH2 may
be of diagnostic utility insofar as negative staining is
compatible with melanoma but argues against clear
cell sarcoma. Therefore, immunohistochemistry for
these markers may serve as an adjunct to molecular
techniques in difficult cases.

In summary, we have confirmed that, in contrast
to metastatic melanoma, MSI is not a common
feature of clear cell sarcoma. Furthermore, hMLH1
and hMSH2 expression is preserved in clear cell
sarcoma. Whether these findings reflect distinct
tumorigenesis pathways between these phenotypi-
cally similar malignancies, or tumor progression,
remains to be determined. Immunohistochemistry
for hMLH1 and hMSH2 may have utility in the
diagnosis of soft tissue lesions with melanocytic
differentiation.
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Figure 2 Representative immunohistochemical results for MMR proteins in clear cell sarcoma and metastatic melanoma. MSI-stable
clear cell sarcoma C2 (a) demonstrates intact hMLH1 (d), hMSH2 (g) and hMSH6 (j). MSI-stable clear cell sarcoma from patient C6 (b)
demonstrates intact hMLH1 (e) and hMSH2 (h) but loss of hMSH6 immunoreactivity (k). MSI-H melanoma from patient M1 (c)
demonstrates loss of immunoreactivity for all three MMR proteins with preserved staining of tumor lymphocytes (f, i, l). (a–c: H&E,
200� ; d–f: hMLH1 immunostain, 200� ; g–i: hMSH2 immunostain, 200� ; j–l: hMSH6 immunostain 200� ).
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