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Epithelioid sarcoma is a rare, aggressive keratin-positive sarcoma that co-expresses CD34 in 50% of cases and

may mimic an angiosarcoma. Recently, we have observed one case of epithelioid sarcoma that labeled for ERG,

an ETS family regulatory transcription factor, which is considered to be a reliable marker for vascular

differentiation. We investigated the prevalence of nuclear expression of ERG and FLI1, a homologous

transcription factor, in these tumors. A formalin-fixed paraffin-embedded tissue microarray of 37 epithelioid

sarcomas was examined. Immunohistochemistry was performed using anti-ERG monoclonal antibody to the

N-terminus, anti-ERG monoclonal antibody to the C-terminus and anti-FLI1 monoclonal antibody. Comparison

was made with CD34, CD31, and D2-40 labeling. The extent of immunoreactivity was graded according to the

percentage of positive tumor cell nuclei (0: no staining; 1þ : o5%; 2þ : 5–25%; 3þ : 26–50%; 4þ : 51–75%; and

5þ : 76–100%), and the intensity of staining was graded as weak, moderate, or strong. Nuclear staining for the

N-terminus of ERG was seen in 19 out of 28 cases: 10 with diffuse(4 to 5þ ) strong/moderate labeling; 1 with 2þ
moderate labeling and 8 with weak labeling (1 to 4þ , 2 each). Focal staining for the C-terminus of ERG was seen

in only 1 out of 29 cases (2þ moderate). FLI1 labeling was seen in nearly all (28 out of 30) cases: 16 with diffuse

(5þ ) predominantly moderate labeling, and 8 cases with diffuse(5þ ) weak labeling. The remainder had variable

moderate (1 to 3þ ) or weak (1 to 4þ ) FLI1 staining. CD34 was positive in 22 out of 30 cases and D2-40 was

found to be positive in 22 out of 31 cases. All cases were negative for CD31 (0 out of 30). Epithelioid sarcoma

can label with antibodies to the N-terminus of ERG, FLI1, and D2-40, which may cause diagnostic confusion for

a vascular tumor. A panel of other antibodies including SMARCB1 and CD31 should be used in evaluating these

tumors. ERG antibody selection is also critical, as those directed against the C-terminus are less likely to label

epithelioid sarcoma.
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ERG and FLI1, members of the ETS family of
transcription factors, are markers of endothelial
differentiation. The utility of ERG and FLI1 in
distinguishing cutaneous and non-cutaneous angio-
sarcomas from other histologic mimics has been
previously described.1–4 Recently, a recurrent epi-
thelioid sarcoma at our institution showed histolo-
gic features suggestive of vascular differentiation:
hemorrhagic at low power, discohesive sheets of
large atypical epithelioid cells, and areas of

hobnailed-appearing cells in blood-filled cystic
spaces mimicking epithelioid angiosarcoma.
(Figure 1) Immunohistochemical studies showed
the tumor to be reactive for keratin, CD34, and ERG
but negative for CD31; SMARCB1 expression was
lost. Initial biopsies showed central geographic
necrosis with palisading tumor cells, characteristic
of many cases of epithelioid sarcoma (Figure 2).

The purpose of our study was to characterize
the immunohistochemical expression of ERG
and FLI1 in epithelioid sarcoma, as expression of
these markers may lead to the misperception of
vascular differentiation and a potential diagnostic
pitfall. Comparison with labeling patterns of
other markers associated with vascular differentia-
tion, including CD34, D2-40, and CD31, was
also made.
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Materials and methods

With institutional review board approval, 37 cases
of previously diagnosed epithelioid sarcoma were
selected from the pathology files of the University of
Texas M.D. Anderson Cancer Center. Inclusion
criteria for all cases of epithelioid sarcomas
included appropriate histological features, immu-
nohistochemical evidence of keratin positivity and
loss of nuclear expression of SMARCB1. Archived
paraffin blocks from 37 localized epithelioid sarco-
mas and 8 primary breast cancer surgical samples
(controls for epithelial-related markers) were
assembled in a tissue microarray and processed as
previously published.5

Immunohistochemical study was performed
following pressure cooker antigen retrieval using
a mouse anti-ERG monoclonal antibody to the
N-terminus (1:2000; 9FY; BioCare Medical, Concord,
CA, USA), a rabbit anti-ERG monoclonal antibody to
the C-terminus (1:2000; EPR3864(2); Epitomics,

Burlingame, CA, USA), and a mouse anti-FLI1
monoclonal antibody (1:100; G146-222; BD Bios-
ciences, San Jose, CA, USA). Comparison was made
to mouse anti-CD34 monoclonal antibody (1:40;
my10, BD Biosciences), mouse anti-CD31 monoclo-
nal antibody (1:30, 1A10, NovoCastra Vision
Biosystems, Newcastle upon Tyne, UK), and mouse
anti-D2-40 monoclonal antibody (1:50; Covance,
Princeton, NJ, USA). In evaluable cores, immunor-
eactivity extent was graded according to the percen-
tage of positive tumor cell nuclei (0: no staining;
1þ : o5%; 2þ : 5–25%; 3þ : 26–50%; 4þ : 51–75%;
and 5þ : 76–100%) and the intensity of labeling was
graded as weak, moderate, or strong.

Results

Immunohistochemical results are summarized in
Table 1 and examples of positive immunohisto-
chemical labeling shown in Figure 3. Distinct

Figure 1 Recurrent epithelioid sarcoma mimicking a vascular tumor. The tumor is composed of (a) hemorrhage and (b) epithelioid cells.
(c) Diffuse reactivity for ERG was seen (using an antibody directed against the N-terminus).

Figure 2 Initial biopsy demonstrating classic features of epithelioid sarcoma. (a) Multiple nodules with central necrosis involving
the dermis and subcutis. (b) High-power examination reveals atypical epithelioid cells, which (c) co-express pankeratin (left) and
CD34 (right). SMARCB1 expression was lost (not shown).
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nuclear staining for the N-terminus of ERG was
observed in 19 out of 28 cases (68%) of epithelioid
sarcoma (43% strong, 4þ or 5þ and patchy
moderate to weak staining in 7 out of 28 cases

(25%)). Only one case labeled with the antibody to
the C-terminus of ERG with moderate patchy (2þ )
labeling. FLI1 labeled almost all assessed epithe-
lioid sarcoma cases (28 out of 30, 93%); 16 had

Table 1 Summary of immunohistochemical labeling patterns for ERG (N-terminus and C-terminus), FLI1, CD34, D2-40 and CD31

ERG (N-terminus) ERG (C-terminus) FLI1 CD34 D2-40 CD31

N 28 29 30 30 31 30
Positive 19 (68%) 1 (3%) 28 (93%) 22 (73%) 22 (71%) 0

Extent
5þ 7 (25%) 0 24 (80%) 17 (57%) 21 (67%) 0
4þ 5 (18%) 0 1 (3%) 0 0 0
3þ 2 (7%) 0 1 (3%) 0 0 0
2þ 3 (11%) 1 (3%) 0 4 (13%) 0 0
1þ 2 (7%) 0 2 (7%) 1 (3%) 1 (3%) 0
0 9 (32%) 28 (97%) 2 (7%) 8 (27%) 9 (29%) 30 (100%)

Degree
Strong 6 (21%) 0 1 (3%) 13 (43%) 9 (29%) 0
Moderate 5 (18%) 1 (3%) 17 (57%) 5 (17%) 7 (23%) 0
Weak 8 (29%) 0 10 (33%) 4 (13%) 6 (19%) 0
None 9 (32%) 28 (97%) 2 (7%) 8 (27%) 9 (29%) 30 (100%)

Figure 3 Examples of (a) ERG, (b) FLI1, and (c) CD34 (5þ , strong) and (d) D2-40 labeling (5þ , strong) in epithelioid sarcoma.
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diffuse (5þ ) predominantly moderate labeling,
and 8 cases showed diffuse (5þ ) weak labeling.
The remainder had variable moderate (1 to 3þ )
or weak (1 to 4þ ) FLI1 staining. CD34 was positive
in 22 out of 30 cases (73%) with strong 4þ or 5þ
staining in 57% of cases. D2-40 was positive in
22 out of 31 cases (71%) with the majority (n¼ 15)
having moderate to strong diffuse 5þ labeling.
All cases (0/30) were negative for CD31. Twenty
out of 25 cases had labeling with at least two
antibodies (either N-terminus to ERG, FLI1 and
D2-40), with seven cases labeling for all three
markers. Table 2 summarizes co-expression labeling
patterns.

Discussion

We found that epithelioid sarcoma can be reactive
with antibodies directed against ERG (N-terminus)
and FLI1. Prior studies have examined the specifi-
city of ERG for vascular differentiation, although
only small numbers of epithelioid sarcoma were
tested before. Miettinen et al found that a mono-
clonal antibody to the N-terminus of ERG (CPDR
ERG) was sensitive and specific for vascular differ-
entiation in a large series of vascular tumors
(n¼ 250).3 ERG was expressed in all hemangiomas
and lymphangiomas, 96 of 100 angiosarcomas, 42 of
43 epithelioid hemangioendotheliomas, and all 26
Kaposi sarcomas. Among the nonvascular tumors,
only blastic extramedullary myeloid tumors (7/10,
70%) and rare cases of Ewing sarcoma (2/29, 7%)
were positive. Eight epithelioid sarcomas were also
tested; none had any reactivity, in contrast to our
series wherein 67% of cases had labeling. Although
not certain, difference in technique and small
sample size may partially explain the discrepancy.
Yaskiv et al4 also found ERG to be a reliable marker
for vascular differentiation with all 125 vascular
proliferations labeling with an ERG antibody to the
C-terminus of ERG (EPR3864, Epitomics). A limited
number of non-vascular mesenchymal tumor types
were also tested; only six of eight meningiomas were
also found to express ERG. Epithelioid sarcomas
were not tested. Using the same antibody, ERG and
FLI1 expression were found to be sensitive and

specific for angiosarcoma in a large series of
cutaneous tumors (n¼ 72).1 All 23 angiosarcomas
(vasoformative/angiomatoid, spindled, and epithelioid)
demonstrated strong and extensive labeling patterns,
whereas the remaining tested tumor types (melanoma,
squamous cell carcinoma, atypical fibroxanthoma,
leiomyosarcoma) were negative. In contrast, FLI1
(same antibody used as in our study) was found to
be less specific, labeling 87% (13/15) of squamous
cell carcinomas, 59% (10 out of 17) of melanomas,
92% (11 out of 12) of atypical fibroxanthomas and
20% (1 out of 5) of leiomyosarcomas. Epithelioid
sarcoma was also not examined in that study. Folpe
et al2 found antibodies to FLI1 (Sc 356-polyclonal,
Santa Cruz Biotechnology, Santa Cruz, CA, USA) to
be highly sensitive for vascular differentiation,
labeling 50 out of 53 (93%) various vascular tumors
while being negative in 16 non-vascular mesen-
chymal tumors including 6 epithelioid sarcomas.3

One possible explanation for the differences seen in
this prior and our study is the different antibody
used.

Our series adds to the understanding of ERG and
FLI1 expression, particularly in cutaneous tumors,
by demonstrating the majority of epithelioid sarco-
mas are reactive for the N-terminus of ERG (19 out of
28, 68%) and FLI1 (28 out of 30, 93%). Awareness of
this expression pattern is important, as the histolo-
gical spectrum of epithelioid sarcoma can some-
times overlap with a vascular tumor with irregular
cystic spaces and clefts, loss of cellular cohesion,
angiomatoid areas found near the periphery of the
lesion, and hemorrhage.4,6,7 Epithelioid sarcoma can
even show cytoplasmic vacuolization without true
lumen formation,8 leading to diagnostic confusion
with an epithelioid hemangioendothelioma8–10 and
epithelioid angiosarcoma.11 Furthermore, epithelioid
sarcoma characteristically co-expresses keratin
(75%)12 and CD34 (50%),13 which together with
expression of ERG can closely mimic the immuno-
phenotype of angiosarcoma. In our series, 80%
(20 out of 25) of cases co-expressed at least D2-40,
ERG, or CD34 with 28% (7 out of 25) expressing of
all three markers.

Fortunately, epithelioid sarcoma generally exhi-
bits loss of SMARCB1 expression in contrast to
angiosarcomas. SMARCB1 loss is considered highly
sensitive (93%)14 and variably specific for
epithelioid sarcoma.15 Disruption of the SMARCB1
gene on 22q11 resulting in loss of protein expression
by immunohistochemistry can occur by a variety of
mechanisms in epithelioid sarcoma, including
homozygous deletion16 or rearrangements.15 All of
our cases had loss of SMARCB1 and an absence of
CD31 expression. In addition, an antibody to the
C-terminus of ERG was much less likely to react
with epithelioid sarcomas, in contrast to an
antibody directed against the N-terminus.

ERG, located on 21q22, and FLI, located on 11q21,
are members of the ETS family and have a highly
conserved 85 amino-acid winged helix–loop–helix

Table 2 Summary of co-expression of markers (N-terminus ERG,
CD34, D2-40)

N¼ 25 (%)a

ERG/D2-40 5 (20)
ERG/CD34 3 (12)
D2-40/CD34 5 (20)
All three 7 (28)
Only one 5 (20)

a25 out of 37 had evaluable cores in all three immunohistochemical
studies.
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domain, which mediates binding to DNA with
GGAA/T-containing sequences.17 Both are involved
in hematopoietic and endothelial development.
Previous studies have shown that some epithelioid
sarcomas have amplifications and losses involving
chromosomes 3, 4, 18, 9, and 11 with copy number
gains including 11q13 seen in five cases, one of
which was angiomatoid. Lushnikova et al also
found cyclin D1, located in 11q13, to be over-
expressed in 9 of 15 epithelioid sarcomas, some of
which, but not all, correlated to those with gains in
11q13.18 Given the proximity of FLI1, perhaps a
similar phenomenon is occurring in 11q21 with
some epithelioid sarcomas having copy gains
resulting in overexpression of FLI1. It is interesting
that antibodies to the C-terminus of ERG were
less likely to label epithelioid sarcoma than the
N-terminus. In a previous study, an antibody to the
C-terminus of ERG was found to be more specific for
ERG expression in Ewing sarcoma harboring a
EWSR1-ERG fusion transcript than an antibody to
the N-terminus.19 ERG and FLI1 proteins share 68%
of amino-acid sequences overall and 98% of the
ETS-binding domain. Therefore, it is possible that in
some cases, the antibodies to the N-terminus of ERG
may recognize similar epitopes as the antibodies to
FLI1, although not all of our FLI1-positive cases
labeled for the N-terminus of ERG. FLI1 and ERG are
overexpressed secondary to rearrangement in
various tumor types including prostate carcinomas,
Ewing sarcoma, and acute myeloid leukemia, which
has been implicated in tumorigenesis.3,19,20 The role
of ETS proteins in the tumorigenesis of epithelioid
sarcoma has yet to be elucidated.

In summary, epithelioid sarcomas can label with
antibodies to the N-terminus of ERG, which may
cause diagnostic confusion with angiosarcoma,
particularly in cases that have a pseudovascular
appearance. Therefore, a panel of antibodies includ-
ing SMARCB1 and CD31, as well as careful selection
of the ERG antibody is recommended in evaluation
of epithelioid sarcomas and angiosarcomas.

Comment

During the revision of this manuscript, Miettinen
et al reported a similar experience with ERG and D2-
40 expression in epithelioid sarcomas.21 In their
study, they found 38% of epithelioid sarcomas (41
out of 109) labeled with ERG using the same
antibody to the N-terminus (1:100, Clone 9FY,
Biocare Medical). Seven out of nine cases (78%)
also had labeling for D2-40 (1:100, Convance/Signet,
Princeton, NJ, USA). These findings are similar to
our study; although a higher percentage of ERG
labeling was seen in our study possibly due to
technical differences or vagaries of sample size.
Other vascular markers including CD31 (as in our
study), claudin 5, and Prox 1 were found to be
negative in epithelioid sarcoma. No rearrangement

of ERG was seen using fluorescence in-situ hybri-
dization in 16 tested epithelioid sarcomas. FLI1
expression and Erg C-terminus antibody were not
performed in their study. Both of our studies
emphasize the use of an antibody panel in differ-
entiating epithelioid sarcoma from angiosarcomas.
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