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Synovial sarcoma in its classic biphasic form can be distinguished readily from other soft tissue lesions;
however, monophasic and poorly differentiated forms are diagnostically more problematic. For this reason, we
assessed the efficacy of immunostaining for SYT and SSX1 proteins, the gene products resulting from unique
synovial sarcoma translocation, to distinguish synovial sarcoma from other soft tissue lesions. A total number
of 146 cases were analyzed, including 47 synovial sarcoma cases (all of which were verified by FISH to have t(X;
18) translocation and SYT–SSX fusion gene) and 99 soft tissue tumors of various types. A polyclonal IgG
antibody against SYT was used to stain formalin-fixed paraffin embedded tissues. Forty-one out of 47 (87%)
synovial sarcoma displayed strong positive nuclear staining (ranging from 80 to 90% of the tumor cells) for SYT
antibody. Nineteen of 99 (19%) non-synovial sarcoma cases showed variable nuclear and cytoplasmic staining
with SYT, which ranged from 20 to 60% of tumor nuclei, and included malignant peripheral nerve sheath tumor
(5/25), solitary fibrous tumor (2/14), Ewing sarcoma (2/6), low grade fibromyxoid tumor (2/4), extraskeletal
mesenchymal chondrosarcoma (2/6), gastrointestinal tumor (4/17), epithelioid sarcoma (2/2). The remaining
non-synovial sarcomas were negative. This is the first study demonstrating SYT protein expression in tissue
sections of synovial sarcoma. This method could provide an easy, rapid and widely applicable means of
assisting in the diagnosis of synovial sarcoma, particularly when material and/or resources are unavailable for
PCR or FISH-based testing. However, as variable weak staining for SYT may be encountered in a small
percentage of non-synovial sarcoma sarcomas, a positive interpretation should be made only when the staining
is strong, nuclear and present in the majority of cells.
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Synovial sarcoma is a distinct soft tissue neoplasm,
which represents 7–10% of all human soft tissue
sarcomas.1 In its classic, biphasic form, consisting of
well-differentiated glands embedded within a
spindled sarcomatous stroma, it is relatively easy
to recognize. However, two-thirds of synovial sarco-
mas are of the monophasic fibrous type and consist
predominantly or exclusively of a sarcomatous
stroma without glands and, therefore, closely re-
semble other sarcomas, notably fibrosarcoma. In
these situations, immunohistochemistry using a

panel of antibodies for cytokeratin, EMA, CD99
and bcl-2 are commonly employed but are not fully
specific. On the other hand, identification of the
reciprocal chromosomal translocation t(x; 18)(p11.2;
p11.2), which occurs in more than 90% of synovial
sarcomas,2–7 by FISH or RT-PCR is highly specific,
but often not available in many laboratories. There-
fore, development of an immunohistochemical stain
highly specific for synovial sarcoma would be useful
and practical.

It is now generally accepted that synovial sarcoma
is derived from putative multipotent stem cells that
are capable of differentiating into mesenchymal
and/or epithelial structures.8 The reciprocal chro-
mosomal translocation t(x; 18)(p11.2; p11.2) results
in new fusion genes SYT–SSX1, SYT–SSX2 or SYT–
SSX4 composed of the N-terminal part of the SYT
gene on chromosome 18 with C-terminal part of
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either SSX1, SSX2, or SSX4 genes on chromosome
X.8–10 The SYT–SSX fusion genes encode proteins
comprised of the first 379 amino acids of SYT
juxtaposed to the last 78 amino acids of either SSX1
or SSX2.8–10 Owing to an N-terminal domain
encompassing amino acids 51–90 in SYT sequence
and the presence of the highly conserved SSX-RD
domain in the SSX sequence, both are responsible
for their nuclear localization. The SYT, the SSX and
the SYT–SSX fusion protein are all localized in the
nucleus of synovial sarcoma cells.11,12 Studies have
indicated that the SYT proteins may function as a
transcriptional activator, whereas the SSX proteins
may act as transcriptional repressor. The fusion
protein may act as a transcriptional regulator
through interaction with other proteins to trigger
synovial sarcoma development and prolifera-
tion.12,13 As most translocations in various tumors
show expression of partner genes involved with the
translocation, it is reasonable to suspect common
expression of SYT and SSX proteins in synovial
sarcomas.

We have, therefore, assessed the sensitivity and
specificity of immunostaining for SYT protein, one
of the gene products resulting from the unique
synovial sarcoma translocation, using a polyclonal
antibody originally developed against the SYT
protein in formalin-fixed, paraffin-embedded tissue
sections of synovial sarcoma and other types of soft
tissue tumors.

Materials and methods

Case Selection

To perform this study, we used two sets of materials:
one set was the tissue microarray sections, including
synovial sarcomas and various types of other soft
tissue tumors; another set was conventional tissue
sections of retrieved archived paraffin-embedded
blocks of synovial sarcoma cases. We retrieved
archival paraffin-embedded blocks of 12 synovial
sarcoma cases from the Department of Pathology at

the Loyola University Medical Center that were
reported in the last 16 years (1990–2006). These 12
synovial sarcoma cases include nine cases of
monophasic (MSS) phenotype, two cases of biphasic
(BSS) phenotype and one case of poorly differen-
tiated phenotype (Table 1). The tissue array slides
with soft tissue tumors contained a total number of
134 cases and 16 different types of soft tissue tumors
obtained from the Cleveland Clinic, Cleveland, OH
(Table 2). This array included 35 synovial sarcoma,
25 malignant peripheral nerve sheath tumor, 17
GIST (gastrointestinal stromal tumors), 14 SFT
(solitary fibrous tumors), six Ewing sarcoma/PNET
(primitive neuroectodermal tumor), six alveolar
rhabdomyosarcoma, six extraskeletal mesenchymal
chondrosarcoma, four hemangiopericytoma, four
myxoid liposarcoma, three desmoplastic small
round cell tumor and two each of leiomyosarcoma,
dedifferentiated liposarcoma, malignant melanoma,
neuroblastoma and epithelioid sarcoma (Table 2).
Frozen and formalin fixed cell blocks of an estab-
lished synovial sarcoma cell line (BAC) containing
SYT–SSX1 fusion gene was also included in the
study.

Immunohistochemistry

Archival paraffin-embedded tissue blocks were cut
into 4–6 mm sections and transferred to glass slides.
After deparaffinization, antigen retrieval was carried
out using 0.1mol/l concentration of citrate buffer at
pH 6.0, with microwaving for 30min. The slides
were stained on an automated Ventana NEXES
immunostainer.

The polyclonal anti-SYT antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) was used at
1:250 dilutions. The epitope recognizing by the SYT
(N-18) was previously mapped to the N-terminus of
SYT gene. Slides were incubated with the above
primary antibody for 1h at room temperature;
thereafter, secondary anti-goat antibody was applied
and the reaction was developed using 3, 30-diami-
nobenzidine. In addition, a limited number of

Table 1 SYT immunostaining on conventional sections of archived synovial sarcoma cases (n¼12)

Histologic types of synovial sarcoma Original organs Intensity of nuclear staining Percentage of tumor cells stained

Monophasic Neck mass +++ 80–95
Monophasic Maxillary lymph node ++ 70–90
Monophasic Posterior pharynx +++ 80–95
Biphasic Right back mass +++ 80–95
Monophasic Posterior neck mass +++ 80–95
Monophasic Right lung mass ++ 70–90
Monophasic Posterior cervical mass ++ 70–90
Biphasic Retropharyngeal mass +++ 495
Monophasic Left maxilla mass ++ 70–90
Monophasic Right thigh mass +++ 80–95
Monophasic Right thigh mass +++ 495
Poorly differentiated Right heel +++ 495

Staining intensity: (+++) very strong nuclear stain; (++) strong nuclear stain; (+) weak nuclear stain.
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synovial sarcoma cases were stained with a SSX
antibody (N-18, catalog sc-8816, Santa Cruz Bio-
technology).

Morphologic Evaluation

A dark brown nuclear staining was considered to
be positive for SYT-N18 or SSX-C18. The pattern
of staining was determined to be either diffuse, or
focal. The intensity was then scored semi-quantita-
tively as weak, moderate and strong.

Results

In the two sets of materials (conventional sections
and tissue microarray), a total number of 146 cases
were evaluated including: 47 synovial sarcoma and
99 other types of soft tissue tumors. Among the 47
synovial sarcoma, 12 were retrieved from the Loyola
University Medical Center and 35 cases were from
the tissue microarray sections obtained from the
Cleveland Clinic. The staining characteristics of
SYT in the conventional tissue sections of the
synovial sarcoma cases are summarized in Table 1.
All of the cases analyzed in the conventional
sections showed strong nuclear staining, including
nine MSS, two BSS and one poorly differentiated
synovial sarcoma. In the BSS, both the epithelial
and the spindle cell component of the tumor cells
showed a similar extent and intensity of SYT
staining.

The SYT staining pattern in tissue microarray
sections are summarized in Table 2. Forty-one of 47
(87%) synovial sarcoma cases from both conven-
tional tissue and tissue microarray sections showed

SYT nuclear staining (Figure 1) (Table 3). Among the
non-synovial sarcoma soft tissue tumors, only 19 of
101 (19%) cases showed variable weak nuclear and/
or cytoplasmic staining with the SYT antibody.
Interestingly, five of 25 malignant peripheral nerve
sheath tumor showed variable degrees of nuclear
SYT expression. This staining appeared to be weaker
in intensity compared with the synovial sarcoma
cases involving up to 60% of the tumor cells. In
addition, four of 17 GIST and two of two epithelioid
sarcoma/PNET showed weak cytoplasmic expres-
sion of SYT in up to 20% of the tumor cells. We have
noted the samples that are processed recently (up to
2 years) tends to give a brighter and more crisp
staining pattern in contrast to aged tissue samples
stained for the SYT protein.

Frozen and formalin fixed cell blocks of synovial
sarcoma cell line (BAC) containing the SYT–SSX
fusion gene also showed variable nuclear staining
for SYT and SSX1 antibodies (not shown). In
addition, all of 12 conventional tissue sections of
synovial sarcoma showed nuclear expression of
SSX1 (not shown). However, as discussed below,
as SSX1 was expressed in many other tumor types,
we elected not to further investigate the expression
pattern in other spindle cell neoplasms, as it is
unlikely to be used for a differential diagnostic
work-up.

Discussion

Our study shows that antibodies directed against the
SYT protein can detect over 85% of synovial
sarcoma in tissue sections. The staining pattern in
synovial sarcoma is exclusively nuclear, diffuse and
of high intensity and contrasts with the weak,
variable nuclear or cytoplasmic staining that is
encountered in a small percentage (19%) of non-
synovial sarcoma soft tissue tumors. This is the first
study analyzing differential expression of SYT in
spindle cell neoplasms using paraffin-embedded
tissue sections. To our knowledge, there has been
only a single study using a polyclonal antibody
against SYT–SSX2 to detect the SYT–SSX fusion
protein in synovial sarcoma.4 Hashimoto et al
previously developed two polyclonal antibodies
against the N-terminal and C-terminal portion of
the SYT–SSX2 fusion protein that recognized a 61-
kDa single protein in the immunoprecipitate of cell
lysates from the kidney fibroblast COS-7 transfected
with SYT–SSX1 and SYT–SSX2 fusion genes. These
antibodies were also used to detect a native protein
of 61 kDa in the lysate of a human synovial sarcoma
cell line with immunoprecipitation, and in the
extracts of human synovial sarcoma tissues with
Western blot analysis. The antibody against the C-
terminal portion of the SYT–SSX2 fusion protein
was used for immunohistochemical analysis on
frozen sections of three synovial sarcoma patients,

Table 2 Patterns of the SYT expression in non-synovial sarcoma
soft tissue tumors on tissue microarray sections (n¼134)

Soft tissue tumors No. of
cases

No. of cases
with nuclear

staining

Synovial sarcoma 35 29
Malignant peripheral nerve sheath
tumor

25 5

Gastrointestinal stromal tumor 17 0
Leiomyosarcoma 2 0
Solitary fibrous tumor 14 2
Hemangiopericytoma 4 0
Dedifferentiated liposarcoma 2 0
Myxoid liposarcoma 4 0
Extraskeletal mesenchymal
chondrosarcoma

6 2

Low grade fibromyxoid sarcoma 4 2
Epithelioid sarcoma 2 0
Malignant melanoma 2 0
Neuroblastoma 2 0
Ewing sarcoma 6 2
Desmoplastic small round cell tumor 3 0
Alveolar rhabdomyosarcoma 6 0

Total 134 42
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Figure 1 Histologic and immunohistochemical staining analysis of SYT in synovial sarcomas: (a and b) monophasic synovial sarcoma
(c and d) biphasic synovial sarcoma (hematoxylin and eosin staining, � 100 and �400 magnifications). Immunostaining of SYT in
monophasic synovial sarcoma (e and f) and in biphasic synovial sarcoma (g and h) illustrating typical pattern of distinct SYT nuclear
expression.

Immunostaining for SYT protein
R He et al

525

Modern Pathology (2007) 20, 522–528



which demonstrated variable immunostaining in
tumor cell nuclei.4

SSX protein expression in tissues has a profile
similar to cancer testis antigens, and it has various
expressions in several different types of tumors.8,9

Given this background, we focused primarily on the
expression pattern of SYT rather than SSX, as it
seemed likely that SSX protein expression is not
specific for synovial sarcoma. This fact was further
supported by another recent study that demon-
strated a high level expression of SSX mRNA in
some malignant bone tumors (osteosarcomas) and
non-synovial sarcoma soft tissue tumors.14 In our
preliminary immunoanalysis of non-synovial sarco-
ma soft tissue tumors, we observed that the SSX1
antibody did not distinguish synovial sarcoma from
other common spindle cell neoplasms (data not
shown).

Several studies have demonstrated that SYT, SSX
proteins and SYT–SSX fusion proteins to be loca-
lized in the nucleus of tumor cells of synovial
sarcoma cell lines.10,11,15 The N-terminus of SYT
determines its nuclear localization and the 34 amino
acids of C-terminus (also called SSXRD domain)
mediates SSX nuclear localization. The SSXRD
domain also plays a pivotal role in determining the
subnuclear localization of the SYT–SSX chimeric
oncoprotein. The SYT–SSX fusion proteins contain
both potential transcription activating and repres-
sing domains and may as a transcriptional regulator
through interaction with other proteins. These
oncoproteins may deregulate transcription through
changes in chromatin structure and interference
with chromatin remodeling to trigger sarcomagen-
esis.8,10 Studies targeting SYT or SYT–SSX fusion
proteins in synovial sarcoma may provide a novel

approach for clinical treatment of these neo-
plasms.16

This is the first study providing tissue-based
evidence that the SYT and SSX proteins are
expressed in the nucleus of synovial sarcoma cells.
We also found that tissue sections from recently
diagnosed synovial sarcoma showed a stronger
immunoreactivity and less background stains
than that of tissue sections from archived cases.
Various factors can influence immunoreactivity
patterns, including the protein integrity and the
type of fixative used.17 In archival paraffin-
embedded blocks, there tends to be a progressive
loss of the structural integrity of proteins. This
could partly explain the variable intensity of
immunoreactivity in some of the synovial sarcoma
cases analyzed.

Thirteen of 99 cases (13%) of non-synovial
sarcoma soft tissue tumors cases demonstrated
variable nuclear staining of SYT protein in neoplas-
tic cells. Possible explanations for this staining in
the non-synovial sarcoma soft tissue tumors may
include nonspecific staining, technical inaccuracy
(eg, insufficient antigen retrieval), or this could
represent true SYT protein expression in some non-
synovial sarcoma soft tissue tumors.

Interestingly, among the 13 non-synovial sarcoma
soft tissue tumor cases that showed nuclear SYT
staining, five were malignant peripheral nerve
sheath tumor, with a variable nuclear staining
intensity ranging from 20 to 60% of the tumor cells.
Interestingly, not only synovial sarcoma and malig-
nant peripheral nerve sheath tumor share certain
common histologic features, a recent study compar-
ing gene-expression profiles using cDNA microarray
demonstrated that synovial sarcoma has a

Table 3 SYT staining pattern (nuclear and cytoplasmic) and intensity in all immunoreactive soft tissue tumors studied (n¼ 146)

Tumors Nuclear stain Cytoplasmic stain

Cases % of cell stained Intensity Cases % of cell stained Intensity

Synovial sarcoma 41/47 70–90 ++ to +++ 0/47 0 0 to +
Malignant peripheral nerve sheet tumor 5/25 20–60 + to ++ 0/25 0 0
Gastrointestinal stromal tumor 0/17 0 0 4/17 20 + to ++
Leiomyosarcoma 0/2 0 0 0/2 0 0
Solitary fibrous tumor 2/14 30 + 0/14 0 0
Hemangiopericytoma 0/4 0 0 0/4 0 0
Dedifferentiated liposarcoma 0/2 0 0 0/2 0 0
Myxoid liposarcoma 0/4 0 0 0/4 0 0
Extraskeletal mesenchymal chondrosarcoma 2/6 30 + 0/6 0 0
Low grade fibromyxoid sarcoma 2/4 30 + 0/4 0 0
Epithelioid sarcoma 0/2 0 0 2/2 20 + to ++
Malignant melanoma 0/2 0 0 0/2 0 0
Neuroblastoma 0/2 0 0 0/2 0 0
Ewing sarcoma 2/6 30 + 0/6 0 0
Desmoplastic small round cell tumor 0/3 0 0 0/3 0 0
Alveolar rhabdomyosarcoma 0/6 0 0 0/6 0 0

Total 54/146 6/146

Staining intensity: (+++) very strong nuclear stain; (++) strong nuclear stain; (+) weak nuclear stain.
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gene-expression pattern that is distinct from other
sarcomas, but is strikingly similar to malignant
peripheral nerve sheath tumors.18 Contrarily, a study
by Nielsen et al19 analyzing gene-expression pat-
terns of 41 soft-tissue tumors with spotted cDNA
microarrays found that synovial sarcoma, GIST,
some neural tumors and a subset of the leiomyo-
sarcomas, showing strikingly distinct gene-expres-
sion patterns.

Currently, a panel of markers including cytoker-
atin, EMA, CD99 and bcl-2 is often utilized to aid in
the diagnosis of synovial sarcoma. However, each of
these markers can be expressed in a variety of other
tumors. A recent study20 used cluster analysis to
analyze immunohistochemical data obtained from a
tissue microarray of 73 soft tissue tumors (23
synovial sarcoma, 23 malignant peripheral nerve
sheath tumor and 27 Ewing/PNET) with 22 different
antibodies, including cytokeratin, CD99, EMA and
bcl-2. The data suggested two clusters among
synovial sarcoma, one cluster (n¼ 11) was cytoker-
atin and EMA positive and another (n¼ 9) was
cytokeratin negative, but EMA, bcl-2 and mostly
CD56 positive. The study also highlighted aberrant
staining reactions and diagnostic pitfalls in these
tumors.20 We believe the use of practical immunos-
taining assay for the SYT detection is likely to
decrease the number of cases requiring large battery
of studies for precise diagnosis of synovial sarcoma.
If the staining shows an equivocal results or the case
is histologically suspicious for a lesion other than
synovial sarcoma such as a malignant peripheral
nerve sheath tumor, various ancillary studies in-
cluding molecular assays and electron microscopy
could be performed as usual for further work-up. We
believe the addition of the SYT antibody in the
diagnostic immunohistochemical panel will allow
the pathologist an even higher level of diagnostic
accuracy, when evaluating spindle cell tumors of
soft tissue.

The t(X; 18)(p11.2; q11.2) translocation with SYT–
SSX fusion genes represents the most characteristic
feature of synovial sarcoma, and can be detected by
FISH or RT-PCR techniques in fresh and frozen
tumor tissues, as well as formalin-fixed, paraffin-
embedded tumor tissues.21,8,2 However, laboratories
with limited resources will unlikely use these
approaches as molecular assays require trained
individuals and tend to be relatively sophisticated
and time consuming. The widespread use of each of
IHC provides a significant advantage to the diag-
nostic pathologist and as such we believe SYT
immunostain to be an extremely useful adjunct to
the diagnostic armamentarium. In conclusion, this
is the first study demonstrating expression of SYT in
tissue sections of synovial sarcoma and indicates
that this method could provide an easy, rapid and
widely applicable means of assisting in the diag-
nosis of synovial sarcoma, particularly when mate-
rial and/or resources are unavailable for PCR or
FISH-based testing.
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