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The t(X;18)(p11.2;q11.2) translocation commonly
found in synovial sarcoma (SS) results in the fusion of
the SYT gene on chromosome 18 to either of two
closely related genes, SSX1 and SSX2, on chromosome
X. It has been suggested that patients who have SS
bearing SYT-SSX1 fusion have worse prognosis than
those bearing SYT-SSX2 fusion. However, little is
known about the biologic basis or the relationship
with the histopathologic risk factors in regard to the
different fusion types. We analyzed 19 cases of SS with
no metastasis at diagnosis. These tumors were classi-
fied by reverse transcription–polymerase chain reac-
tion to SYT-SSX1 and SYT-SSX2 types. The expression
of Ki-67, p27, p53, and bcl-2 and various clinicopath-
ologic parameters including mitotic rate were com-
pared between the two fusion types. The SYT-SSX1
type fusion was associated with high Ki-67 expression
(P 5 .011) and high mitotic rate (P 5 .070). No signif-
icant differences were found between the two types as
to the expression of p27, p53, and bcl-2 and other
clinicopathologic parameters. The survival analysis
showed that SYT-SSX1–type fusion, high Ki-67 expres-
sion, and high mitotic rate correlated with shorter
metastasis-free survival. These data suggested that
SYT-SSX fusion type is associated with tumor cell pro-
liferative activity and prognosis of patients who have
SS.
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Synovial sarcoma (SS) accounts for approximately
10% of soft tissue sarcomas and occurs mainly in
adolescents and young adults (1). A characteristic
chromosomal translocation, t(X;18) (p11.2;q11.2),
has been found in most of the cases, and it is
suggested that this translocation is the primary
causative event of SS (2, 3). Cloning of the translo-
cation breakpoints and other molecular studies re-
vealed that the proximal portion of the SYT gene at
18q11 is fused with the distal portion of one of two
duplicated genes at Xp11, SSX1 or SSX2 (4, 5). Be-
cause the SYT-SSX fusion is found in more than
95% of the cases (5–7), its detection has been used
as a sensitive diagnostic test for SS. Recently, mo-
lecular diagnosis using reverse transcription–poly-
merase chain reaction (RT-PCR) has been success-
fully performed using RNA extracted not only from
frozen materials but also from archival histologic
(8 –10) or cytologic specimens (10). Five different
related SSX gene transcripts, SSX1–5, have been
identified (11). The sequences of SSX3, SSX4, and
SSX5 transcripts share a high sequence homology
with that of SSX2. These SSX genes rarely are in-
volved in the SYT-SSX fusion in SS, and only one
SYT-SSX4 case has been reported (12).

Although the function of SYT, SSX, and SYT-SSX
genes remains to be elucidated, the type of SYT-SSX
fusion transcript may correlate with the clinical
behavior of SS; tumors with SYT-SSX1 fusion tran-
script present worse prognosis than those with SYT-
SSX2 (7). However, the underlying biology of this
observation and its histopathologic implications
are poorly elucidated. We previously presented a
preliminary study suggesting that SYT-SSX fusion
types are associated with the tumor proliferative
activity and patients’ prognosis (13). Nilsson et al.
(14) reported similar findings.

In the present study, we determined by RT-PCR
the fusion type (SYT-SSX1 or SYT-SSX2) of the SS
and examined its correlation with the immunohis-
tochemical expression of Ki-67, p27, p53, and bcl-2,
factors useful in studying tumor cell proliferation,
in estimating tumor aggressiveness and for a differ-
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ential diagnosis (15–17). In addition, survival anal-
ysis was performed using these four immunohisto-
chemical markers, SYT-SSX fusion types, mitotic
rate, and other clinical parameters.

MATERIALS AND METHODS

Synovial Sarcoma Cases
Twenty-three primary SS cases were selected

from the files of the Departments of Pathology of
Nagoya City University Hospital and Nagoya Uni-
versity Hospital. Because 4 patients had distant me-
tastases at diagnosis, the remaining 19 patients who
had localized tumors were included in the present
study. Partial clinical and molecular data on eight
of these patients were described in a previous re-
port (10). All specimens obtained at biopsy were
fixed in 10% buffered formalin and embedded in
paraffin. Cytologic specimens stained with Giemsa
were also prepared in eight of the cases. The age at
diagnosis ranged from 13 to 62 years (average, 31
years). There were 8 male and 11 female patients.
All tumors were deep seated; 15 tumors occurred in
the extremities, and the other 4 occurred in the
central axis. All patients were surgically treated with
curative intent, but one patient had a microscopi-
cally positive margin. The greatest diameter of the
tumor was less than 5 cm in four cases. Adjuvant
chemotherapy was administered to 16 patients.
Follow-up data were available from all of the pa-
tients. The postoperative follow-up period ranged
from 6 to 108 months (average, 36 months). Eleven
cases developed metastases, and the recurrent tu-
mors were surgically treated when they were local-
ized in one organ. Seven patients died of disease, 2
were alive with disease, and 10 showed no evidence
of disease.

Reverse Transcription–Polymerase Chain
Reaction

Total RNA extracted from the paraffin and/or
cytologic materials was subjected to one tube RT-
PCR followed by a nested PCR, as described previ-
ously (10). Briefly, extracted RNA was heated at 70°
C and placed on ice. Then, RT-PCR mixture was
added and the final mixture was as follows: 8.25
units of RNase inhibitor (Toyobo, Osaka, Japan), 50
units of Moloney murine leukemia virus reverse
transcriptase (Gibco BRL, Rockville, MD), 25 pM of
each outer primer (P1, CACAGGGACAAGGTCAGC,
and P2, TTGTGGGCCAGATGCTTC), 200 mM of each
of the four deoxynucleotides, 1 unit of Taq GOLD
DNA polymerase (Applied Biosystems, Foster City,
CA), and 13 Taq buffer containing 1.5 mM MgC12.
The thermocycler was programmed first to incu-
bate the samples for 50 min at 37° C for the initial

RT step; next for 10 min at 95° C for inactivation of
the reverse transcriptase as well as for activation of
the DNA polymerase; and then to carry out 30 cy-
cles of PCR consisting of 95° C for 30 seconds, 50° C
for 30 seconds, and 72° C for 30 seconds. The first-
round PCR product was further amplified in the
nested PCR with the forward primer, P3 (AGCCTG-
GACCACCACAGC) for SYT, and one of the following
reverse primers: P4 (consensus, CCTCTGCTGGCT-
TCTTGG) for SSX, P5 (TGCTTCTGACACTCCCTT)
for SSX1, and P6 (TGCTTCTGGCACTTCCTC) for
SSX2. The amplification conditions consisted of 30
cycles of 95° C for 30 seconds and 60° C for 30
seconds. We identified the final PCR products on
the basis of size on 10% polyacrylamide gels and
confirmed the results in all cases by restriction
enzyme digestion with Sau3AI and HaeIII (10) or
if necessary by a direct sequencing with the
dideoxy chain-termination method modified for
fluorescent- based DNA sequencer (model 310; Ap-
plied Biosystems). Used as positive controls were
frozen materials obtained from SS cases bearing
SYT-SSX1 or SYT-SSX2 fusion products, which had
been confirmed by direct sequencing. A variety of
unrelated lesions were used as negative controls. All
samples were tested in at least two separate exper-
iments. Monitoring controls included reactions
lacking RNA and reactions lacking reverse tran-
scriptase.

Immunohistochemistry
Sections were immunostained for Ki-67, p27, p53,

and bcl-2 using the streptavidin-biotin method.
Deparaffinized sections were treated with 0.3% hy-
drogen peroxide for 30 min to block endogenous
peroxidase. To unmask the epitope, high-temperature
treatment of the sections was performed (micro-
wave treatment for bcl-2 and pressure cooker treat-
ment for Ki-67, p27, and p53). Sections were incu-
bated with the primary monoclonal antibody: anti–
Ki-67 (MIB-1; Immunotech, Marseilles, France),
anti-p27 (57; Transduction Lab, Lexington, KY),
anti-p53 (DO-7; DAKO, Kyoto, Japan), and anti–
bcl-2 (124, DAKO). The signals were detected using
HistoFine streptavidin-biotin kit (Nichirei, Tokyo,
Japan), which resulted in brown color. For negative
controls, the primary antibody was omitted. A
known positive control for each antibody was also
used to check proper staining.

To assess the ratio of positive nuclei for Ki-67 and
p27, each slide was studied under high-power mag-
nification (3400), and the tumor cells showing dis-
tinct nuclear reaction product were counted re-
gardless of intensity, using a computer-assisted
image-analyzing system (VM-30; Olympus, Tokyo,
Japan). Cells of the tumor vascular component and
hematogenous cells were excluded from the analy-
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sis. We evaluated a standardized number of 1000
neoplastic cells from multiple representative fields.
The ratio of positive nuclei to the total number of
tumor cells was expressed as a labeling index (LI).
Positivity for p53 and bcl-2 was evaluated as fol-
lows: a tumor with greater than 5% distinctly posi-
tive neoplastic cells was considered positive, and a
tumor with fewer than 5% immunoreactive cells
was considered negative.

Statistics
The unpaired t test or Fischer’s exact test deter-

mined the statistical significance between parame-
ters. Parameters expressed by the metric scale
(Ki-67 LI and p27 LI) were analyzed with the un-
paired t test. The correlation between the Ki-67 LI
and the p27 LI was calculated with the simple re-
gression analysis. The probability of overall or
disease-free survival was computed according to
the Kaplan-Meier method. The day of the primary
surgery was considered as the start of the follow-up.
Statistical comparison between the curves was
based on the log-rank test. All P values were two
sided. A P value of less than 0.05 was considered
significant, and a P value of less than 0.1 and more
than 0.05 was considered marginally significant. All
analyses were performed using statistical package
StatView version 4.5.1 (Abacus Concepts, Inc.,
Berkeley, CA).

RESULTS

Tumor Histology, RT-PCR, and Typing of
SYT-SSX Fusion

Review of the hematoxylin and eosin–stained
sections of the tumor specimens showed that all
tumors had histologic features consistent with SS.
The tumors were histologically subclassified as
either biphasic (6 cases; Fig. 1A) or monophasic
(13 cases; Fig. 1B) type. Positive staining for cy-
tokeratin and/or epithelial membrane antigen
further supported the diagnosis, especially in
monophasic fibrous type. Osseous metaplasia
and extensive necrosis were found in one and two
cases, respectively. The mitotic rate was deter-
mined by counting the number of mitoses in 10
high power (3400) fields (HPF). The patients
were divided into those who had fewer than 15
mitoses per 10 HPF and those who had more than
15 mitoses per 10 HPF according to the published
convention (1, 18). High mitotic rate was shown
in nine tumors (Fig. 1B). The RT-PCR analysis
using histologic specimens as an RNA source
showed that all cases had chimeric SYT-SSX tran-
script (Fig. 2A). The result was confirmed by re-
striction enzyme digestion or direct sequencing.

None of the cases showed atypical transcript such
as an insertion and a deletion. The nested PCR
using a primer specific to either SSX1 or SSX2
gene revealed that there were 10 tumors express-
ing SYT-SSX1 transcript and 9 expressing SYT-
SSX2 transcript (Fig. 2B, C). The RT-PCR using
cytologic specimens as an RNA source showed an
identical result.

FIGURE 1. A, synovial sarcoma of biphasic type (hematoxylin and
eosin stain; original magnification, 380). B, synovial sarcoma of
monophasic type showing many mitotic figures (arrowheads)
(hematoxylin and eosin stain; original magnification, 3100). C, distinct
nuclear staining of Ki-67 antigen is detected in many tumor cells,
monophasic type (original magnification, 3100).
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Correlation of SYT-SSX Fusion Types with
Clinicopathologic Factors

The correlation of SYT-SSX fusion types with var-
ious parameters analyzed is summarized in Table 1.
Ki-67 LI was 20.6% in tumors bearing SYT-SSX1
type fusion, compared with 5.2% in those with SYT-
SSX2, showing that the former tumors were more
proliferative than the latter (P 5 .011; Fig. 1C). The
SYT-SSX1–type tumors showed somewhat higher
p27 LI than the SYT-SSX2–type tumors, but the
statistical significance was not obtained. When the

correlation between Ki-67 LI and p27 LI was studied
by a regression analysis, there was only a little as-
sociation between the two (p27 LI 5 20.2 1 0.35 3
Ki-67 LI, R2 5 0.039). p53 protein was positive in 8
of 19 cases (42%) and often detected in the tumor
element showing epithelial differentiation, al-
though p53 was not significantly related to the SYT-
SSX types. bcl-2 protein was frequently positive (15
of 19 cases, 79%) but not correlated with the SYT-
SSX types. The SYT-SSX1 type was associated with
high mitotic rate with a marginal significance (P 5
.070). Other histologic or clinical factors (histologic
subtypes, sex, age, tumor site, and tumor size) did
not show any significant correlation with the SYT-
SSX types.

Survival Analysis
Factors included in the survival analysis were as

follows: SYT-SSX type, Ki-67, p27, p53, bcl-2, histo-
logic subtype, age, sex, site, size, and chemother-
apy. The extensive necrosis and osseous metaplasia
were not included as parameters because the num-
ber of the cases showing such changes was small.
With respect to the parameters expressed by the
metric scale (Ki-67 LI and p27 LI), tumors were
divided into two groups for the survival analysis
after producing the scatter plots. The cutoff value
for Ki-67 LI and p27 LI was 15% and 10%, respec-
tively. There were six cases of high Ki-67 expressors
and five of high p27 expressors.

In the overall survival analysis, 5-year survival
rate was 56%. No parameters analyzed achieved the
statistical significance in predicting the prognosis.
When metastasis-free survival was analyzed, the
5-year survival rate was 47%. The patients with
SYT-SSX1 tumor showed a worse metastasis-free
survival than those with SYT-SSX2 with a marginal
significance (P 5 .078; Fig. 3A). The survival was
significantly shorter in SS patients with high Ki-67
expression (P 5 .010; Fig 3B) and in those with high
mitotic rate (P 5 .002; Fig. 3C). p27, p53, and bcl-2
were not useful in predicting the survival. None of
the other histologic or clinical factors significantly
influenced the metastasis-free survival rate. When
the association between three selected risk factors
was analyzed, a close correlation was found with
each other (SYT-SSX1 type versus high Ki-67 LI, P 5
.011; SYT-SSX1 versus high mitotic rate, P 5 .070;
high Ki-67 LI versus high mitotic rate, P 5 .003).

DISCUSSION

In some malignant soft tissue tumors, the type of
fusion created by chromosomal translocation has
been shown to be prognostically relevant. Patients
who have Ewing’s sarcomas showing the EWS-FLI1
type 1 (EWS exon 7 joined in frame with exon 6 of

FIGURE 2. Identification of SYT-SSX (A), SYT-SSX1 (B), and
SYT-SSX2 (C) fusion transcripts in synovial sarcoma by reverse
transcription–polymerase chain reaction. The size of the consensus
SYT-SSX product is 75 bp, and the SYT-SSX1 and SYT-SSX2 products
both are 107 bp. Lanes 1– 8, synovial sarcomas with SYT-SSX1 fusion
(Lanes 1, 2, 4, 6, and 7) and SYT-SSX2 fusion (Lanes 3, 5, and 8); P1,
positive control showing SYT-SSX1 fusion; P2, positive control showing
SYT-SSX2 fusion; N, negative control.

TABLE 1. Correlation Between Fusion Types (SYT-SSX1

or SYT-SSX2) and Various Clinicopathologic Parameters

Variables SSX1 SSX2 P

Ki-67 LIa (%) 20.664.9 5.261.6 0.011
p27 LI (%) 30.869.4 18.265.0 NS
p53 (cases)

Positive 5 3
Negative 5 6 NS

bc1-2 (cases)
Positive 9 6
Negative 1 3 NS

Histologic subtype (cases)
Biphasic 4 2
Monophasic 6 7 NS

Mitotic ratea

.15/10 HPF 7 2
,15/10 HPF 3 7 0.070

Age (y)
,15 3 2
.15 7 7 NS

Sex (cases)
Male 6 2
Female 4 7 NS

Location (cases)
Extremities 8 7
Central axis 2 2 NS

Size (cases)
,5 cm 2 1
.5 cm 8 8 NS

HPF, high-power (3400) fields; NS, not significant.
a Mitotic rate is correlated with Ki-67 LI (P 5 .003).
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FLI1) had a better prognosis than those showing
other types of fusion transcript (19). In rhabdomyo-
sarcoma, PAX7-FKHR–type fusion transcript was a
novel marker for a better prognosis (20). A similar
observation has been recently reported in SS that
the type of SYT-SSX fusion transcript correlated
with the clinical behavior of the tumors; patients
who had SYT-SSX1 tumors had worse prognosis
than patients who had SYT-SSX2 tumors (7). How-
ever, the underlying biology or the relationship of
the fusion types with histologic or clinical risk fac-
tors is not clear.

In the present study, 19 primary tumors con-
firmed as SS by RT-PCR were molecularly classified
as those bearing SYT-SSX1–type fusion or those
bearing SYT-SSX2. The proportion of SYT-SSX fu-
sion types paralleled that found in the literature
(5–7). Expression of Ki-67, p27, p53, and bcl-2 was
immunohistochemically examined and compared
with the type of SYT-SSX fusion. Tumors with SYT-
SSX1–type fusion had a significantly higher Ki-67 LI
than those with SYT-SSX2. None of other immuno-
histochemical parameters analyzed was associated
significantly with the types of SYT-SSX fusion. In
the survival analysis, SYT-SSX1–type fusion, high
Ki-67 LI, and increased mitotic activity were se-
lected as prognostic factors for shorter metastasis-
free survival. Further analysis showed that these
three factors were associated with each other. The
Ki-67 antigen is a DNA-binding nuclear protein of
395 and 345 kDa, which is expressed in the prolif-
erating cells (G1, S, G2, and M phases) but unde-
tectable in the resting cells (21). Although the num-
ber of cases studied was limited, our findings
suggest that the type of SYT-SSX fusion is associ-
ated with the proliferation of the tumor cells and
clinical aggressiveness of the SS. These findings are
concordant with the results reported by Nilsson et
al. (14).

The function of chimeric SYT-SSX fusion protein
is unclear. However, the molecular characterization
of the chimeric gene suggests that it is a novel
transcriptional coactivator of a sequence-specific
DNA-binding protein (5, 22, 23). The SYT protein,
possessing no obvious DNA-binding domain, is rich
in proline, glutamine, and glycine, resembling the
domains of a number of transcriptional coactiva-
tors. A recent observation showed that the SYT pro-
tein has transcriptional activation properties (22).
The SSX proteins also have no recognizable DNA-
binding domain but have a Kruppel-associated box
transcriptional repressor domain in the N-terminal
region and a probable protein-binding domain in
the C-terminal region (5). When SYT and SSX genes
are fused, the SYT-SSX protein is subsequently
composed of the transcriptional activation domain
of the SYT protein and the protein-binding domain
of the SSX protein. The former SYT domain might

FIGURE 3. Metastasis-free survival of 19 patients with synovial
sarcoma analyzed for SYT-SSX fusion types (A), Ki-67 expression (B),
and mitotic rate (C).

486 Modern Pathology



activate the normally repressed target proteins by
the SSX proteins, which is considered to be the
primary causal event in SS. Our finding that the
SYT-SSX fusion types are associated with the tumor
cell proliferation as determined by Ki-67 LI and
mitotic rate may give further evidence that the SYT-
SSX protein is a transcriptional regulator. However,
the precise molecular mechanism of how the types
of SYT-SSX fusion transcript influence the clinical
aggressiveness of SS is still not clear. Our specula-
tion is that the differences in amino acids of the
protein-binding domain of the SYT-SSX proteins
may affect specific protein–protein interactions, al-
tering the target gene specificity of SYT-SSX chi-
meric proteins or the degree of transactivation of
target gene subgroups, and finally influence the
tumor cell proliferation and thus the clinical ag-
gressiveness of the SS.

p27, a member of the cyclin-dependent kinase
inhibitor family, is regulated by cell contact inhibi-
tion and by transforming growth factor-b (24). In
epithelial and lymphoid tumors, p27 expression is
inversely related to Ki-67 expression, and low p27
expression was characterized as an independent
prognostic marker in many tumors, including those
of the breast, colon, and prostate (25). However, the
significance of p27 in soft tissue neoplasms has not
been determined. In our study, p27 expression did
not correlate with Ki-67 expression or have a prog-
nostic value in SS. Similar observations were re-
ported in several endocrine tumors (26), and some
genetic defects might allow these neoplasms to pro-
liferate despite high p27 expression. The implica-
tion of p27 expression in sarcomas should further
be elucidated.

A correlation between the histologic subtype and
the SYT-SSX type has been suggested; biphasic tu-
mors were associated with SYT-SSX1 rearrange-
ment, and monophasic tumors were associated
predominantly, but not exclusively, with SYT-SSX2
rearrangement (7, 27). However, this relationship
has been controversial even in the studies using a
large series of samples (5, 9) and was not shown in
the present SS cases. Sampling bias and subtyping
criteria may partly account for this discrepancy.

Various prognostic factors for SS have been re-
ported (e.g., histologic subtype, mitotic activity, ex-
tensive necrosis, osseous metaplasia, age, site, size,
and most recently SYT-SSX fusion types [1, 7, 9]).
However, these factors did not always emerge as
prognostic factors in the recent studies in which
diagnosis of SS was established by RT-PCR (7, 9). In
the present study, the mitotic activity, SYT-SSX fu-
sion types, and Ki-67 expression emerged as prog-
nostic factors. The discrepancy as to the prognostic
factors between previous and recent studies may be
partly explained by the recent advances in SS treat-
ments as well as the establishment of the SS diag-

nosis by molecular techniques. Multivariate studies
with a larger number of patients and a longer
follow-up are needed to determine the risk factors
for SS.
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Book Review

Manni A: Endocrinology of Breast Cancer, 400
pp, Totowa, NJ, Humana Press, 1999
($125).

A more appropriate title for this book might be
Endocrinology of the Breast in Health and Dis-
ease. The focus of this multiauthored text is a
state-of-the-art review of the role of hormones in
normal breast development and in benign and
malignant diseases. The usefulness of this infor-
mation to anatomic pathology is remote, and, as
suggested by the publishers, the expected read-
ership is endocrinologists, oncologists, pharma-
cologists, and surgeons.

As one might expect, estrogen, progesterone,
prolactin, and androgens are the focus of this
400-page, 23-chapter book. The physiologic
function and mechanism of action of these hor-
mones and their role in breast cancer develop-
ment and progression and their use as targets in
anticancer therapy are discussed in length and
sometimes repeatedly in multiple chapters. Ex-
cellent reviews of oncogenes, tumor suppressor
genes, growth factors, and tumor stroma in

breast cancer are presented in several chapters;
however, they seem somewhat out of place in
this book.

Physiology, basic research, current advances,
molecular biology, and clinical therapies are the
focus of this text. Histopathology of breast dis-
eases is presented in only one short, well-written
chapter in which entities are discussed and illus-
trated in their relationship to breast cancer risk.
Several chapters contain a significant number of
obvious typographical errors. The references are
extensive but already dated, as is some of the
text.

If you are very interested in the endocrinol-
ogy of breast development and disease, there
probably is no other book available that deals
with this area as completely and as currently as
this one. Thus, it is a significant contribution to
the breast literature.

Susan Fineberg
Montefiore Medical Center
Bronx, New York
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