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SUMMARY: Synovial sarcomas (SS) are characterized by a chromosomal translocation t(X;18)(p11.2;q11.2) which usually fuses
the SYT gene from chromosome 18 to SSX1 or SSX2 genes on chromosome X. Also, a variant SYT-SSX4 fusion gene has recently
been shown in a single SS case. In addition to these cytogenetic changes, bcl-2 expression, as assessed by immunohistochem-
istry, has been reported to be an almost general constitutive alteration of SS. In the present work, we analyze a series of 36 SS
surgical samples (from 34 patients) by RT-PCR for the presence of the SYT-SSX1 or the SYT-SSX2 fusion transcript. The analysis
was extended to SYT-SSX4 on SYT-SSX1–negative and SYT-SSX2–negative cases only. Our results showed a significant
correlation between the SYT-SSX2 fusion and the monophasic SS histologic subtype. SYT-SSX1 fusion transcripts were present
in both monophasic and biphasic tumors. The SYT-SSX4 fusion type was detected in a single monophasic SS. In the same series
of SS cases, we also confirmed and extended the previously reported constitutive expression of bcl-2 protein, by using both
immunohistochemical and western blot analysis. Moreover, we demonstrated that the BCL-2 gene is not rearranged or amplified
at genomic level, indicating that the high levels of bcl-2 expression observed in SS might result from transcriptional activation of
the gene and/or protein stabilization. Finally, we show that bcl-2 is not phosphorylated in tumors from patients who had been
preoperatively treated with radio/chemotherapy, in tumors from untreated patients, or in an SS cell line (CME-1) after in vitro
treatment with cytotoxic concentrations of DNA-damaging agents or taxanes. These data indicate that SS cells are unable to
activate an apoptosis pathway involving bcl-2 phosphorylation/inactivation and may provide a possible explanation for the limited
effectiveness of conventional pharmacological treatments of this tumor type. (Lab Invest 2000, 80:805–813).

S ynovial Sarcoma (SS), a malignant lesion that
typically arises in the para-articular regions of

adolescents and young adults, is cytogenetically char-
acterized by a translocation t(X;18)(p11.2;q11.2),
which is detectable in more than 90% of the total
cases (Sreekantaiah et al, 1994). This chromosomal
rearrangement generally fuses the SYT gene from
chromosome 18 to either SSX1 or SSX2 genes on
chromosome X (Clark et al, 1994; de Leeuw et al,
1995), resulting in the formation of chimeric proteins
with transcriptional regulation functions and nuclear
localization (Brett et al, 1997; dos Santos et al, 1997).
Lately, another member of the SSX gene family, SSX4,
has been reported to fuse with SYT in a single case of
SS (Skytting et al, 1999). A model of SS molecular
pathogenesis has been proposed in which the amino-
terminal domain of SSX proteins could inhibit the
transcription of specific target genes in normal tis-

sues. In neoplastic lesions, the amino-terminal portion
of SSX proteins is replaced with the transcriptional
activation amino-terminal domain of SYT, which con-
fers the capacity to direct the transcription of previ-
ously repressed genes to the chimeric protein (Brett et
al, 1997; dos Santos et al, 1997). However, since both
SYT and SSX seem to lack a DNA-binding activity,
their transcriptional activity is thought to occur
through interaction with yet unknown regulatory nu-
clear factors. Also, the genes normally repressed by
SSX1, SSX2, or SSX4 and activated by the SYT-SSX
fusion proteins are still unidentified.

Histologically, SS are subcategorized into biphasic
tumors, which contain both epithelial and spindle
cells, and monophasic tumors, which are entirely
formed by spindle cells (Enzinger and Weiss, 1995). A
recent work reported a significant correlation between
the type of SYT-SSX fusion transcript and the clinical
behavior of SS (Kawai et al, 1998). The shorter
metastasis-free survival of SYT-SSX1–carrying cases,
however, was difficult to ascribe to one of these two
SS histological subtypes, because of the similar con-
tribution of biphasic and monophasic tumors (12 and
17, respectively).
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Recently, we and other investigators reported that
bcl-2 expression, as assessed by immunohistochem-
istry (IHC), is an additional constitutive hallmark of
almost all SS (Hirakawa et al, 1996; Pilotti et al, 1998;
Suster et al, 1998), with immunoreactivity for bcl-2
protein mainly restricted to the spindle cell component
of these tumors. The overexpression of bcl-2 has been
implicated in blocking apoptosis induced by a multi-
tude of different stimuli (Korsmeyer, 1992; Reed,
1994). At the embryonic level, bcl-2 protein expression
has been observed in cells with a long life and/or a
proliferating ability, such as cells undergoing a mor-
phological transition from undifferentiated stem cells
to committed precursor cells (Lu et al, 1993b). The
activation of the BCL-2 protooncogene was originally
observed in concomitance with the chromosomal
translocation t(14;18)(q32;p21), as revealed in human
follicular lymphoma (Bakhshi et al, 1985; Tsujimoto et
al, 1985). bcl-2, however, is also overexpressed in a
variety of other tumors that lack this typical chromo-
somal alteration (Lu et al, 1993a; Pezzella et al, 1993).
In addition, the expression of bcl-2 seems to be under
hormonal control in normal tissues (Tilly, 1996), where
it participates in hormone-dependent tissue remodel-
ling, and in breast, endometrial, and prostate cancers
(Apakama et al, 1996; Ferrieres et al, 1997; Taskin et
al, 1997). Finally, bcl-2 expression has been impli-
cated in drug responsiveness, since the ability of
some chemotherapeutic agents to induce phosphor-
ylation of bcl-2 has been assumed as a mechanism by
which they can suppress the anti-apoptotic activity of
bcl-2, and thus promote cell death (Haldar et al, 1996).

In the present work, we characterized a series of 36
SS surgical samples for morphology and type of
fusion transcript, to examine possible correlations
between the type of SYT-SSX fusion and the SS
histologic subtype. In addition, we wanted to confirm
the previous IHC-based observation of bcl-2 expres-
sion in the great majority of SS tissue samples, and to
extend this analysis with western blotting. Moreover,
we examined whether the high levels of bcl-2 protein
could be due to BCL-2 gene amplification or rear-
rangement. Finally, we investigated the bcl-2 phos-
phorylation status in these cases and in SS in vitro
cultured cells, because of its reported influence on the
anti-apoptotic effect of bcl-2 and in the light of the
moderate drug responsiveness of SS patients.

Results

Type of SYT-SSX Fusion Transcript

We analyzed 36 SS surgical samples (21 monophasic
and 15 biphasic) from 34 patients (Table 1). The
presence of SYT-SSX fusion transcript in three cases
[patients #10, #22, and #34 (tumor relapse)] was not
evaluated by RT-PCR because of the poor quality of
the mRNA (as checked by amplification of b-actin). In
patients #1, #7, and #11, SYT-SSX1 and SYT-SSX2
fusion transcripts were absent, although b-actin
mRNA was successfully amplified. We then evaluated
the presence of SYT-SSX4 fusion type in these three

cases as recently described (Skytting et al, 1999), and
obtained a positive result for patient #1 only. In the
remaining two cases, for which the pathologist as-
sured an unquestionable diagnosis of SS, a translo-
cation t(X;18) could either have not occurred or could
have generated truncated (Sonobe et al, 1999) or
alternative forms of the fusion transcripts. However,
fusion transcripts other than SYT-SSX1, SYT-SSX2, or
SYT-SSX4 have not previously been reported in SS.

Of the remaining 30 samples (17 monophasic and
13 biphasic), 20 (66.7%) had an SYT-SSX1 fusion
transcript and 10 (33.3%) had an SYT-SSX2 fusion
transcript. This ratio is consistent with those already
reported in previous studies (Crew et al, 1995). The
results of statistical comparison of fusion types and
clinicopathologic features are given in Table 2. Twelve
of the 13 biphasic tumors showed an SYT-SSX1
fusion type, whereas the 17 monophasic tumors were
almost equally distributed in the SYT-SSX1–positive
and SYT-SSX2–positive categories (8 and 9 cases,
respectively). The p value for this association was 0.01
(Fisher’s exact test). Other p values considered in the
present study were not significant.

bcl-2 Immunoreactivity

Immunohistochemical bcl-2 reactivity was consis-
tently observed in 17 of 19 primary tumors, 6 relapses,
and 11 metastases (10 pulmonary and 1 adrenal
gland) (Table 1). Such immunoreactivity was common
to almost all tumor cells in monophasic SS, whereas it
was restricted to the spindle cells in all biphasic
tumors (Fig. 1, a and b). Interestingly, the two primary
tumors that were negative for bcl-2 IHC analysis did
not show any of the three SYT-SSX fusion variants
(patients #7 and #11).

Western blot immunoreactivity for the 26 kd bcl-2
protein (Fig. 2) was found in 35 of the 36 samples
analyzed (Table 2), with a tendency to show a stronger
signal in monophasic (20 samples) than in biphasic (15
samples) tumors. This is probably due to the fact that
the sarcomatous spindle cell component in biphasic
cases was not microdissected to prepare protein
lysates for western blot analysis, and bcl-2 molecules
were diluted by the negative epithelial component.
The concordance between IHC and western blot re-
sults was good, as the two IHC negative cases (#7 and
#11) did not show very high levels of bcl-2 protein by
western analysis. There was no correlation between
bcl-2 protein levels as assessed by western analysis
and the type of fusion transcript (Table 2).

None of the 36 samples analyzed by western blot
showed the presence of slower-migrating phosphor-
ylated bcl-2 bands, which appeared as a smear in the
upper part of the band in control taxol-treated human
breast cancer MCF-7 cell line (Fig. 2). In three of the 36
cases (patients #12, #16, and #20), a second immu-
noreactive, faster-migrating protein was observed
(see case #12 of Fig. 2). In these samples, the cDNA
region encompassing amino acids 16 to 173 of bcl-2
showed no deletions or premature stop codons (data
not shown). Thus, the lighter bands revealed by west-
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ern blotting probably corresponded to the b splice
variant 22 kd form of bcl-2, which lack the carboxy-
terminal transmembrane protein domain (Tsujimoto
and Croce, 1986).

We used a cell line system to investigate the SS
cells ability to modulate bcl-2 function through phos-
phorylation. The CME-1 cell line (Renwick et al, 1995),
one of the few established SS cell lines available
world-wide (Noguchi et al, 1997; Reeves et al, 1989;
Sonobe et al, 1992, 1999), was exposed to cytotoxic
concentrations of DNA-damaging agents (cisplatin
and doxorubicin) and to a microtubule-stabilizing drug
(taxol). As shown in Figure 3, bcl-2 was not phosphor-
ylated in untreated cells and no drug was capable of
inducing bcl-2 phosphorylation in these cells at the

examined exposure times (6 and 24 hours). Under
these experimental conditions, bcl-2 phosphorylation
could be induced by taxol in MCF-7 cells, as ex-
pected, during an apoptotic response.

Southern Blot Analysis of bcl-2 Gene Rearrangement or
Amplification

To exclude the possibility of a bcl-2 overexpression
due to BCL-2 gene amplification or rearrangement, we
performed a Southern blot analysis on seven SS
cases. All samples analyzed showed the expected
germinal bands (Fig. 4) when compared with the
rearranged pattern of a follicular lymphoma DNA sam-
ple (data not shown), after digesting the genomic

Table 1. Clinicopathological, Molecular, Immunophenotypical, and Biochemical Features in 34 SS Cases

Patient
No.

Sample
Analyzeda Age/Sex Morphology

Fusion
Transcript

bcl-2 (IHC
Analysis)

bcl-2 (Western Blot
Analysis)

bcl-2
Phosphorylation

1 P 48/F Monophasic SYT-SSX 4 1 111 NO
2 P 36/F Monophasic SYT-SSX 2 1 111 NO
3 P 46/F Monophasic SYT-SSX 1 1 1111 NO
4 P 48/F Monophasic SYT-SSX 2 1 1111 NO
5 P 39/F Monophasic SYT-SSX 2 1 1111 NO
6 P 43/M Monophasic SYT-SSX 2 1 1111 NO
7 P 56/F Monophasic Absent 2 11 NO
8 P 18/M Biphasic SYT-SSX 1 1 11 NO
9 P 36/M Biphasic SYT-SSX 1 1 11 NO

10 P 19/F Biphasic Not evaluated 1 11 NO
11 P 69/F Biphasic Absent 2 1 NO
12 P 51/M Biphasic SYT-SSX 1 1 111b NO
13 P 28/F Biphasic SYT-SSX 1 1 11 NO
14 P* 49/F Monophasic SYT-SSX 1 1 1111 NO
15 P* 30/F Monophasic SYT-SSX 1 1 11 NO
16 P* 55/M Biphasic SYT-SSX 1 1 1111b NO
17 P* 18/M Biphasic SYT-SSX 1 1 11 NO
18 P* 42/M Biphasic SYT-SSX 1 1 111 NO

19 R 52/F Biphasic SYT-SSX 2 1 11 NO
20 R 22/M Biphasic SYT-SSX 1 1 1111b NO
21 R* 63/F Monophasic SYT-SSX 1 1 1111 NO
22 R* 51/M Monophasic Not evaluated 1 1111 NO
23 R* 51/M Biphasic SYT-SSX 1 1 1111 NO

24 PM 30/M Monophasic SYT-SSX 2 1 1111 NO
25 PM 60/F Monophasic SYT-SSX 2 1 1111 NO
26 AM* 51/F Monophasic SYT-SSX 1 1 1111 NO
27 PM* 54/F Monophasic SYT-SSX 1 1 1111 NO
28 PM* 20/F Monophasic SYT-SSX 1 1 111 NO
29 PM* 54/M Monophasic SYT-SSX 2 1 2 2
30 PM* 19/F Biphasic SYT-SSX 1 1 1111 NO
31 PM* 32/M Biphasic SYT-SSX 1 1 111 NO
32 PM* 30/M Biphasic SYT-SSX 1 1 1111 NO

33 P 16/F Monophasic SYT-SSX 2 1 111 NO
33 PM* 18/F Monophasic SYT-SSX 2 1 1 NO
34 R* 56/M Monophasic Not evaluated 1 1111 NO
34 PM* 55/M Monophasic SYT-SSX 1 1 111 NO

a Samples analyzed: P, primary tumor; R, tumor relapse; PM, pulmonary metastasis; AM, metastasis of the adrenal gland; samples marked with an asterisk are
from pretreated patients.

b Western blot analysis in these samples revealed the presence of both the 22 kDa and 26 kDa splice variants of bcl-2.
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DNAs with either HindIII or EcoRI restriction enzymes.
The normalization of band intensities respective to
DNA genomic fragments hybridized with a probe for
b-globin also allowed us to exclude BCL-2 gene
amplification. These results suggest that the bcl-2
constitutive expression revealed in SS is caused by
other mechanisms, such as transcriptional activation
and/or enhanced protein stabilization.

Discussion

Our molecular analysis of SS allow us to contribute to
the clarification of the following points: i) the correla-
tion between histologic and molecular-genetic sub-
types; ii) the entity and mechanism of bcl-2 expres-
sion; and iii) the potential role of bcl-2 expression for
future pharmacological developments in the treatment
of SS tumors.

In keeping with previous RT-PCR–based and FISH-
based studies (de Leeuw et al, 1994; Janz et al, 1995;
Kawai et al, 1998; Renwick et al, 1995), we have found
a tight correlation between the type of SYT-SSX fusion
transcript, as determined by RT-PCR, and the
monophasic SS subtype. Among 10 SYT-SSX2 carry-
ing SS specimens analyzed (from 9 patients), 9 were
monophasic tumors (90%). We observed that, al-
though the SYT-SSX1 fusion transcript was present in
12 of 13 biphasic SS (92%), such a marker was also
shared by 8 of 17 (47%) monophasic SS (Table 2). We
hypothesize that the SYT-SSX2 chimeric protein may
prevent the tumor cells from undergoing epithelial
differentiation, whereas the SYT-SSX1 protein does

not inhibit this process. In fact, we cannot rule out the
possibility that all SYT-SSX1–carrying SS may have
been biphasic tumors where the epithelial component
was missed due to inadequate sampling or small size.
In three of our SS cases (patients #12, #17, and #23 of
Table 1) the epithelial component was serendipitously
sampled, whereas in one additional case (patient #32)
it was restricted to the primary tumor. Recent FISH-
based evidence shows the involvement of SSX1 in
both the glandular and the connective components in
biphasic SS (Birdsall et al, 1999; Nagao et al, 1996).
Our own evidence of a spindle-cell restricted bcl-2
expression and its down-regulation in the epithelial
component is consistent with previous reports show-
ing that bcl-2 labeling is topographically restricted to
active uncommitted cells, which need protection from
apoptosis before undergoing terminal differentiation
(Hockenbery et al, 1991; Lu et al, 1993b). Taken
together, these data are in keeping with the clonal
nature of SS spindle and epithelial cells, along with the
previously referred designation of carcinosarcoma
(Dardick et al, 1991; Leader et al, 1987), and give more
reliability to the genetic rather than the histologic
subtyping approach.

Our preliminary IHC-based observation of a con-
stant bcl-2 expression in childhood and adulthood
treated and untreated primary, recurrent, and meta-
static SS (Pilotti et al, 1998) suggested a possible role
of a constitutive BCL-2 gene deregulation in the
pathogenesis of these tumors. Since SS is a tumor of
an unknown cell of origin, a normal cell type for
comparison of bcl-2 expression levels is missing.
Nevertheless, with the studies on adult and embryonic
normal human tissues (Hockenbery et al, 1991; Lu et
al, 1993b) and comparative studies of other soft
tissues spindle cell sarcomas (Hirakawa et al, 1996;
Suster et al, 1998), bcl-2 [over]expression seems to be
both a constitutive alteration underlying SS tumori-
genesis and a useful marker in SS differential diagno-
sis. In the present study, we extended the previous
investigations by confirming, through western blot
analysis, that bcl-2 is expressed in the great majority
of SS cases. Furthermore, the Southern blot analysis
we performed on a subset of SS showed that BCL-2
was neither rearranged nor amplified, suggesting that
the high levels of bcl-2 found in SS could be achieved
through a mechanism of transcriptional gene activa-
tion and/or protein stabilization. In this context, a
possible role of SYT-SSX fusion proteins in the up-
regulation of BCL-2 gene expression should be inves-
tigated. A significant correlation was not found be-
tween the levels of bcl-2 expression and the type of
fusion transcript, suggesting that both SYT-SSX1 and
SYT-SSX2 transcriptional factors may trigger (or be
permissive for) BCL-2 gene activation. Additionally,
the SYT-SSX4 fusion type, revealed in case #1 only,
appears to be associated with bcl-2 immunoreactivity,
both by IHC and western blot analyses (Table 1).
Further molecular studies are expected to elucidate
the different activities, implications and/or interactions
of SYT-SSX1, SYT-SSX2, and SYT-SSX4, and the role
of BCL-2 in SS tumor onset and growth.

Table 2. Comparison of Fusion Types and
Clinicopathological Variables or bcl-2 Immunoreactivity
(Western Blot) in 30 SS Cases Positive for SYT-SSX
RT-PCR Analysis

Variable
SYT–SSX1
(n 5 20)

SYT–SSX2
(n 5 10) p Valuea

Age NS
, 30 yr 6 2
$ 30 yr 14 8

Sex NS
Male 11 3
Female 9 7

Histologic subtype 0.01
Monophasic 8 9
Biphasic 12 1

Dimension of tumor NS
# 5 cm 11 7
. 5 cm 9 3

Primary vs. Recurrent
or Metastatic

NS

P 10 5
R, PM, AM 10 5

bcl-2 Western Blot
Immunoreactivity

NS

2, 1, 11 5 3
111, 1111 15 7

a Fisher’s exact test; NS, not significant.
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Two primary tumors in our SS series did not contain
SYT-SSX1, SYT-SSX2, and SYT-SSX4 fusion tran-
scripts (patients #7 and #11 of Table 1). Although they
had been unequivocally classified as SS from a histo-
logic/IHC standpoint, these tumors were not immuno-
reactive for bcl-2 by IHC, with weak immunoreactivity
in western blot analysis. It is possible that in these two
cases new fusion genes, similar to SYT-SSX1, SYT-
SSX2, and SYT-SSX4 but not yet reported in SS, may
have played a role in different gene transactivation
pathways, resulting in a minor or absent activation of
BCL-2. The involvement of other members of the SSX
gene cluster at Xp11 (Chand et al, 1995; de Leeuw et
al, 1996) should be investigated in order to understand
the mechanisms of pathogenesis in peculiar cases
such as #7 and #11 reported herein.

Experimental evidence suggests that inactivation of
bcl-2 protein is achieved by chemotherapeutic agents
acting on microtubules (ie taxol, vincristine, and vin-
blastine), which provoke bcl-2 inactivation via hyper-
phosphorylation during the G2-M phase (Haldar et al,
1996). The phosphorylation status of the bcl-2 protein,
therefore, could influence the antiapoptopic properties

of bcl-2, and, consequently, SS drug responsiveness.
The present study, to our knowledge, is the first
investigating bcl-2 phosphorylation status in SS. None
of the 18 SS tissue samples from untreated primary,
recurrent, and metastatic SS showed a steady-state
level of bcl-2 phosphorylation when protein lysates
were analyzed by western blot. This finding indicates
that bcl-2 phosphorylation is not an intrinsic feature of
SS. Similarly, the remaining 18 samples from patients
who received a chemotherapeutic treatment were also
negative for bcl-2 phosphorylation, and the CME-1 SS
cell line treated in vitro with cytotoxic doses of cispla-
tin, doxorubicin, and taxol was also negative for bcl-2
phosphorylation. Because the surgical samples had
been resected at undetermined time intervals after
chemotherapy, it remains difficult to relate the effect of
treatment to bcl-2 phosphorylation. Nevertheless,
bcl-2 was not phosphorylated even in CME-1 cells
(one of the few available established SS cell lines) that
were treated in a more controlled setting. These data
suggest an inability of SS cells to induce bcl-2 phos-
phorylation in response to a cytotoxic treatment and
could provide a tentative explanation for the limited

Figure 1.
IHC analysis. a: monophasic SS showing bcl-2 immunoreactivity; b: biphasic SS with bcl-2 immunoreactivity restricted to the spindle cell component.

Figure 2.
Western blot analysis in SS tissue samples. Protein lysates were run on 12% SDS-PAGE, transferred to a membrane and incubated with clone 124 anti–bcl-2
monoclonal antibody. NC: lysates from a thyroid undifferentiated carcinoma were used as negative control. MCF-7: protein samples from taxol-treated breast cancer
cells served as a control for bcl-2 phosphorylation (smear of the upper part of the band). Patient #12 shows the two bcl-2 splice variants previously described
(Tsujimoto and Croce, 1986).
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responsiveness to the conventional DNA-damaging,
G1-active, ifosfamide-based, chemotherapeutic treat-
ment of SS. On the other hand, based on our experi-
ments with taxol treated CME-1 cells, SS tumor cell
apoptosis also seems to be difficult to obtain through
the bcl-2 hyperphosphorylation “unprimed” mecha-
nism (Haldar et al, 1998), typical of G2-M active drugs.
Further in vitro and/or in vivo experimental pharmacol-
ogy studies are needed to investigate whether the
apoptosis of SS cells is achievable by triggering bcl-2
hyperphosphorylation with other microtubule-acting
chemotherapeutic agents.

In conclusion, the molecular pathogenesis of SS has
been thoroughly investigated during the past years,
but the network of interactions involving important
molecules such as SYT-SSX1, SYT-SSX2, and SYT-
SSX4, transcriptionally active/inactive genes, and
bcl-2 has not been completely clarified. In this regard,
our data concerning bcl-2 constitutive expression and
phosphorylation status are suggestive of a pathoge-
netic mechanism that steadily blocks apoptosis and
may contribute to conventional therapy ineffective-
ness.

Materials and Methods

Patients and Tumors

The accrual time of patients ranged from 1987 through
1997. However, the cases were not consecutive be-
cause only cases in which cryopreserved material was
available were analyzed. The main clinical data are
summarized in Table 1. Cases were from 19 females
and 15 males, with ages ranging from 16 to 69 years
(median age 43 years). The primary tumor/local recur-
rence sites were as follows: seven from thigh, four
lung, three shoulder, two hand, two buttock, two neck,
two groin, one feet, one elbow, and one lumbar back
region. All but one (adrenal) metastases were pulmo-
nary.

Surgical treatment consisted of local excision/wide
excision in 15 primary tumors, 4 recurrences, and all

metastases. Three patients with primary tumors and
one with a recurrence underwent amputation. Five
patients bearing primary tumors, four patients with
recurrences, and nine patients with metastases re-
ceived pre-operative chemotherapy (11 cases) or che-
motherapy and radiation (7 cases). Chemotherapy
regimens were based on anthracyclines plus ifosf-
amide as the first-line medical therapy; high dose
ifosfamide was frequently employed as second line.

The samples examined consisted of primary tumors
in 18 cases, local recurrences in 5 cases, and metas-
tases in 9 cases; in two cases (#33 and #34), primary
tumor and metastasis or recurrence and metastasis
were both available and analyzed. For morphological
categorization, traditional criteria (Enzinger and Weiss,
1995), recently updated (Folpe et al, 1998; Machen et
al, 1999), were applied. The anti-human cytokeratin
monoclonal mouse antibodies 34bE12 (Dako,
Glostrup, Denmark, diluted 1:100) and CAM 5.2 (Bec-
ton Dickinson, San Jose, California, diluted 1:10) were
used as epithelial markers with proteolitic pretreat-
ment. Antigens were localized using standard
streptavidin-biotin immunoperoxidase techniques. In
three cases the epithelial component was restricted;
to a single small focus (3 mm) in one case (#17) and to
3 foci each less than 2.2 mm and 3 mm in diameter in
the two remaining cases (#12 and #23, respectively).
In case #32, the biphasic pattern was observed in the
referred primary tumor and was absent in the pulmo-
nary metastasis.

RT-PCR Detection of SYT-SSX Fusion Transcripts

A frozen tumor fragment from all cases as well as from
two SS with the SYT-SSX1 and SYT-SSX2 fusion
transcripts, respectively, representing positive con-
trols, were mechanically disaggregated and total RNA
was isolated using the RNAzolB extraction system

Figure 3.
Western blot analysis of bcl-2 expression in CME-1 cells. Cells were exposed
to two highly cytotoxic concentrations of taxol, doxorubicin, or cisplatin for 6
or 24 hours. 1: positive control for bcl-2 phosphorylation (taxol-treated MCF-7
cells). Equal amounts of proteins were loaded. Figure 4.

Southern blot analysis. Genomic DNAs from 7 SS cases were digested with
HindIII or EcoRI and hybridized with a probe against BCL-2 (see Materials and
Methods for details). The same blots were stripped and rehybridized with a
probe for b-globin.
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(TEL-TEST, Friendswood, Texas). RNA was also ex-
tracted from normal mesenchymal tissue to be used
as negative control. One mg of total RNA was reverse-
transcribed into cDNA using oligo(dT) primers and
reverse transcriptase (Superscript, Gibco BRL, Pais-
ley, United Kingdom) according to the manufacturer’s
recommendations.

Control amplification of cDNAs was accomplished
by using b-actin specific primers (Adams et al, 1995).
The detection of the putative SYT-SSX1 and SYT-
SSX2 junction regions was carried out with the for-
ward primer: (SYT) 59CAA CAG CAA GAT GCA TAC
CA39 and with one of the following reverse primers:
(SSX1 ) 59GGT GCA GTT GTT TCC CAT CG39 and
(SSX2 ) 59GGC ACA GCT CTT TCC CAT CA39 (Kawai
et al, 1998). PCR reactions consisted of denaturation
at 94° C for 30 seconds, annealing at 58° C for 1
minute and elongation at 72° C for 1 minute. Thirty-
five cycles were performed. The putative SYT-SSX4
junction regions were detected by a nested PCR using
the forward primer (SYT external): 59CAA CAG CAA
GAT GCA TAC CA39 and the reverse primer (SSX
external): 59TGC TAT GCA CCT GAT GAC GA39 in the
first PCR step, and the forward primer (SYT internal):
59AGA CCA ACA CAG CCT GGA CCA39 and the
reverse primer (SSX4 ): 59GGC ACA GCT GTT TCC
CAT CA39 in the second step. A thermal profile iden-
tical to that mentioned for the detection of SYT-SSX1
and SYT-SSX2 (35 cycles) was performed for both the
reactions, except that the annealing temperature in
the first step was 52° C. The amplification products
were analyzed on 2% agarose gel in TAE 1X buffer,
with ethidium bromide staining and UV visualization.
For the SYT-SSX1 and SYT-SSX2 positive controls,
and for the single SYT-SSX4 positive case reported in
the present work, RT-PCR products were sequenced
on the ABI 377 automated sequencer according to the
manufacturer’s instructions.

Immunohistochemical Analysis of bcl-2

Two-mm thick sections were prepared from formalin-
fixed, paraffin-embedded tissue samples for each SS
case. Antigen retrieval by wet autoclave pretreatment
(Bankfalvi et al, 1994), was performed, and tissue
sections were subsequently immunostained with a
1:20 dilution of a monoclonal antibody against bcl-2
(mouse clone 124, kindly donated by Dr. Mason,
Department of Histopathology, London University
College) and with the streptavidin-peroxidase conju-
gate method (Shi et al, 1988). Sections incubated with
mouse serum rather than specific antibody served as
negative controls. Cytoplasmic bcl-2 reactivity, indi-
cated as “1” in Table 1, was observed in .75% of
tumor cells in monophasic positive cases, whereas it
was restricted to the spindle cell component in bipha-
sic positive tumors.

Cell Line and Culture Conditions

The CME-1 SS cell line (Renwick et al, 1995), kindly
offered by Dr. Kazmierczak (Department of Pathology,

Ziekenhuizen University, Leuven, Belgium), was cul-
tured in RPMI-1640 medium supplemented with 10%
FCS (Life technologies, Paisley, United Kingdom). For
biochemical studies, cells were seeded into 75 cm2

flasks and exposed to two highly cytotoxic drug
concentrations of taxol, cisplatin, or doxorubicin after
24 hours. Cells were harvested 6 or 24 hours after the
beginning of drug exposure and immediately pro-
cessed for western blot analysis.

Western Blot Analysis of bcl-2

Lysates from frozen SS tissue samples and cultured
cells were prepared as previously described (Perego
et al, 1996). Protein samples were separated on 12%
SDS-PAGE (75 mg per lane) and blotted onto Polyvy-
nilidene Fluoride membrane (Millipore, Bedford, Mas-
sachusetts). Equal loading was checked by Ponceau
staining. The MCF-7 breast cancer cell line was
treated with taxol (Haldar et al, 1996), and protein
lysates were run on every gel in order to provide a
positive control for bcl-2 phosphorylation. A thyroid
undifferentiated carcinoma, known to be immunohis-
tochemically negative for bcl-2, was used as a nega-
tive control. A 1:100 dilution of the mouse clone 124
bcl-2 monoclonal antibody and a 1:2000 dilution of
rabbit anti-mouse IgG HRP-conjugate polyclonal an-
tibody (Sigma, St. Louis, Missouri) were used as
primary and secondary antibody, respectively. bcl-2
immunoreactivity was revealed by using the ECL sys-
tem (Amersham, Buckinghamshire, United Kingdom),
according to the provider’s instructions.

Southern Blot Analysis of the BCL-2 Gene

Genomic DNA from a subset of SS cases was isolated
with standard methods and an aliquot of each sample
(approximately 3 mg) was digested with EcoRI or
HindIII (Boehringer Mannheim, Mannheim, Germany)
following the manufacturer’s instructions. DNA from a
case of follicular lymphoma was used as positive
control for BCL-2 gene rearrangement. All the subse-
quent steps were performed as already described
elsewhere (Sambrook et al, 1989). Briefly, DNA frag-
ments were separated through a 0.8% agarose gel
and transferred onto a nylon membrane, which was
then hybridized with a 1.5kbp 32[P]-labeled probe
encompassing a portion of chromosome 18 at the
major BCL-2 breakpoint region (Cleary and Sklar,
1985). After stringent washings and X-ray film expo-
sure, the probe was removed (Sambrook et al, 1989)
and genomic DNAs rehybridized with a 325bp 32[P]-
labeled probe for b-globin, in order to normalize band
intensities for little differences in gel loading. The
probe for b-globin was obtained by PCR amplification
of a genomic region identified by primers GH20 and
KM38 (Saiki et al, 1988).

Statistical Methods

Statistical analyses were performed by means of the
Statistical Analyses System package (SAS Institute,
Cary, North Carolina). The variables studied included
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fusion type, age at diagnosis, sex, histologic subtype,
tumor dimension, and bcl-2 western blot immunore-
activity. The independence between fusion types and
the other variables were tested by Fisher’s exact test
(p , 0.05).
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