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Synovial sarcoma is characterized cytogeneti-
caly by translocation t(X.18)(p11.2;q11.2). In
this study, 28 cases that had been diagnosed
initially as synovial sarcoma, including 2 fibro-
sarcomas, and 1 leiomyosarcoma were collected
and examinedfor translocation t(X;18) on par-
affin-embedded tissues by fluorescence in situ
hybridization (FISH). Ofthe synovial sarcomas,
25 showedfindings consistent with translocation
t(X18) with an additional copy signal for the
totalprobe ofX and 18 chromosomes. The other
three cases, as well as the two fibrosarcomas
and the leiomyosarcoma, did not show this
translocation. One (case 26) of three negative
cases was diagnosedfinally as leiomyosarcoma
and another (case 27) as malignant peripheral
nerve sheath tumorfrom histological and immu-
nohistochemical analysis. Thus, in all, 25 (96%)
of26 synovial sarcomas showedfindings consis-
tent with translocation t(X 18). In summary,
translocation t(X18) is a chromosomal aberra-
tion specific for synovial sarcoma. The fluores-
cence in situ hybridization technique can be used
even on ceUs from paraffin-embedded tissues,
and is a useful diagnostic aidfor synovial sar-
coma. (AmiJPathol 1996, 14&601-609)

Synovial sarcoma (SS) is a highly malignant tumor
that occurs mainly in adolescents and young adults,
usually in the extremities in the vicinity of joints, most
commonly the knee and lower thigh region. There
are four distinct histological types of synovial sar-

coma: 1) the biphasic type with distinct epithelial and
spindle cell components in varying proportions, 2)
the monophasic fibrous type, 3) the rare monophasic
epithelial type, and 4) the poorly differentiated type.1

Diagnosis of SS may pose a considerable chal-
lenge to pathologists owing to the lack of an epithe-
lial component. Additional diagnostic aids such as
immunohistochemical staining or electron micros-
copy have been used in cases with predominant
monophasic features to discriminate them from fibro-
sarcoma, leiomyosarcoma, and neurogenic tumors.
Positive immunohistochemical staining for cytokera-
tin is observed in nearly all biphasic SS and in most
tumor cells of the monophasic SS. A small number of
fibrosarcomas, leiomyosarcomas, and neurogenic
tumors also reveal unusual immunoreactivity for cy-
tokeratin, and thus immunohistochemical staining for
cytokeratin is not a useful diagnostic marker.2

The chromosomal translocation t(X;18) was first
reported in an SS by Limon et al,3 and subsequently
reported in several cases of SS as a specific chro-
mosomal abnormality by karyotypic analysis.4 26
However, it remains unclear whether this transloca-
tion is present in all cases and would thus be useful
for diagnosis.

Pinkel et a127 provided the means to analyze the
numerical and structural aberrations of tumor cells,
even in interphase. In 1993, Lee et a128 reported the
identification of translocation t(X; 18) in SS by fluores-
cence in situ hybridization (FISH).28 In the present
study, we examined translocation t(X;18) in the nu-
clei isolated from paraffin-embedded tissues of tu-
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Figure 1. (A) Typical SS witb distinctive biphasic pattern: epithelial cells suirrouinded by fibrosarcoma-like spindle cell elements. (B) Monopbasic
fibrouis SS: tumor consisted ofa packed cell proliferation of round to plumnip spindle-shaped cells in a somew hat fasciculated arrangement ( originial
magnification X 100).

mors from 28 SS cases by FISH with chromosome-
specific DNA probes.

Materials and Methods

Tissues
Twenty-eight cases of SS were collected from surgi-
cal specimens registered at the Departments of Pa-
thology, Tottori University and Hiroshima University,
Japan, from 1965 to 1994. The clinical data of the
twenty-eight SS cases are shown in Table 1. Paraffin-
embedded blocks were stored from 2 months to 29
years. For light microscopy, paraffin sections were
stained with hematoxylin and eosin.

Immunohistochemistry
Immunohistochemical staining was carried out on
paraffin-embedded sections of tissue from all cases,
employing the avidin-biotin peroxidase complex
method after reaction with anti-cytokeratin (poly-
clonal, 1:50, Nichirei, Tokyo, Japan), and anti-epithe-
lial membrane antigen (EMA) (monoclonal, 1:50,
Nichirei) antibodies. Briefly, 5-,um sections were
deparaffinized, rehydrated, and incubated with pri-
mary antibodies for 2 hours at 37°C. Immunoreactiv-
ity was visualized using 3,3'-diaminobenzidine and
hydrogen peroxide. In cases 26 to 28, antibodies
against the following antigens were used: carcino-
embryonic antigen (monoclonal, 1:50, Nichirei), vi-
mentin (monoclonal, 1:100, Dakopatts, Copenha-

gen, Denmark), S-100 protein (polyclonal, 1:100,
Nichirei), neuron-specific enolase (polyclonal, 1: 100,
Nichirei), a-smooth muscle actin (monoclonal, 1:50,
Nichirei), and desmin (monoclonal, 1:50, Nichirei).

FISH
FISH was performed on formalin-fixed, paraffin-em-
bedded tissue. The tissues were cut to a thickness of
50 ,.m from paraffin blocks and disaggregated ac-
cording to the method reported by Schutte et al.29
Briefly, the sections were dewaxed with xylene three
times and rehydrated. The suspensions were treated
with 0.3% trypsin citrate buffer (pH 7.4, 370C, over-
night) and centrifuged. The pellets were washed in
distilled water, and this was followed by fixation in
70% ethanol. Drops of the cell preparations were
then placed on glass slides and allowed to dry over-
night. The FISH procedure was performed essen-
tially as described by Pinkel et al.27 The slides were
treated in proteinase K (0.01 to 0.1 mg/ml, Wako,
Tokyo, Japan) for 5 to 15 minutes at 370C, then fixed
in 4% paraformaldehyde for 25 minutes at 40C. Bi-
otinylated a-satellite centromeric probes for chromo-
somes X and 18 (DXZ1, D18Z1), and whole chromo-
some painting probes (Coatasome X, Coatasome
18) were purchased from Oncor. DNA of the tumor
cell nuclei on the slides was denatured for 3 minutes
at 750C in 70% formamide (Boehringer Mannheim,
Mannheim, Germany), 2X standard sodium citrate,
and dehydrated. The probes were denatured for 10
minutes at 750C, and aliquots of 10 p.l were placed
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Table 1. Clinzical Data anid Histological Diagrnosis

Histological diagnosis*

Original Revised

B(D)
B(D)
B(D)
B(D)
MF(D)
MF(D)
MF(D)
MF(S)
M(S)
M(S)
B(D)
B(D)
B(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(S)
MF(S)
MF(S)
MF(S)
M(S)
M(S)
M(S)
M(S)
M(Q)

B(D)
B(D)
B(D)
B(D)
MF(D)
MF(D)
MF(D)
B(D)
M(D)
M(D)
B(D)
B(D)
B(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(D)
MF(D)
M(D)
M(D)
LMS(S)
MPNST(S)
M(Q)

Immunophenotype

Keratin EMA

+
±
+
±
±
±
+

+
±
+
±
±
±
+
+
±

+
+
+
+
+

+
+
±
+
±
+
+
±

*B = biphasic, MF = monophasic fibrous, M = monophasic, subtype not provided; D = definite, S = suspected, 0
LMS: leiomyosarcoma, MPNST: malignant peripheral nerve sheath tumor.

tR = right, L = left.

on the slide glasses and covered with a 22 x 22 mm
glass coverslip. These preparations were incubated
for 17 hours at 370C.

For visualization of the hybridized chromosomes,
the nuclei were treated with fluorescein isothiocya-
nate (FITC)-avidin for 30 minutes at 370C. The bioti-
nylated anti-avidin-conjugated FITC avidin system
was used to amplify the fluorescent signals. The
nuclei were counterstained with propidium iodide
(0.1 ,ug/ml, Sigma Chemical Co., St. Louis, MO).
Hybridization signals were observed under a fluores-
cent microscope (Nikon, Tokyo, Japan). The number
of signals was counted in 100 to 200 nuclei for eval-
uation of the possible translocation. Paraffin blocks
from two fibrosarcomas and one leiomyosarcoma
were used as controls.

Translocation t(X; 18) of Epithelial Cells and
Spindle Cells

In the biphasic type of SS, the signals were counted
in about 100 nuclei of each of epithelial cells and
spindle cells. When the tissues were cut to a thick-
ness of 50 ,um from paraffin blocks, the epithelial
component forming glandular structure in paraffin

block was trimmed. A round nucleus with a disag-
gregated shape was regarded as the nucleus of
epithelial cells. The spindle-shaped to long-oval nu-

clei in disaggregated shape were regarded as those
of spindle cells. When testing the effects of differen-
tiation on the comparison between epithelial cells
and spindle cells, the paired t-test was used; P <

0.05 was taken to indicate significance.

Results

Histological Findings

The SS were classified as either monophasic or bi-
phasic type based on the presence or absence of
epithelial components. Histological examination re-

vealed 7 biphasic and 21 monophasic (14 cases

were of the distinct fibrous type). The microscopic
biphasic pattern of SS was distinctive, revealing two
morphologically different types of cells: epithelial
cells, which often made glandular structures; and
spindle cells, which showed fibrosarcoma-like prolif-
eration (Figure 1A). In monophasic fibrous types of
SS, the tumors consisted mainly of packed cell pro-
liferation of round to plump spindle-shaped cells in a

Case

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Age/Sex

32/F
45/F
27/F
25/F
47/F
9/F

51/F
57/F
24/F
45/F
45/M
49/M
1 3/M
81 /M
48/M
1 3/M
18/M
38/M
35/M
29/M
56/M
28/M
43/M
62/M
39/M
76/M
67/M
53/M

Location

R foott
L foot
R upper arm
R axilla
R ankle
R foot
L lower leg
R foot
L lower leg
R poples
R thigh
R foot
R thigh
R chest wall
L thigh
R forearm
L lower leg
R mentum
R elbow
R lower leg
L forearm
R thigh
L buttock
L thigh
R shoulder
R knee
R first toe
L ankle

questionable
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Table 2. Immoophbenotipc Dcata of Gasc, 26 to 28

Case

26
27
28

Keratin EMA CEA
Immunophenotype

Vimentin S-100

+
±

NSE

±

SMA Desmin

+

CEA = carcinoembryonic antigen NSE = neuron-specific enolase, SMA = smooth muscle actin

somewhat fasciculated arrangement. There was no
epithelial component forming glandular structures
(Figure 1B).

Immunohistochemical Findings
Immunohistochemical examination showed positive
immunoreactivity for cytokeratin in 16 (57%), and for
EMA in 13 (36%) of 28 SS cases. All seven biphasic
SS were immunoreactive for cytokeratin and EMA. Of
the 21 monophasic SS, tumor cells showed immuno-
reactivity for cytokeratin in 9 cases (43%) and for
EMA in 6 (29%) (Table 1).

Most tumor cells of three cases (cases 26 to 28)
stained positively for vimentin. Immunohistochemical
staining of case 26 revealed immunoreactivity for
a-smooth muscle actin in most tumor cells. No immu-
noreactivity was seen for cytokeratin, EMA, carcinoem-
bryonic antigen, S-100 protein, neuron-specific eno-
lase, or desmin. In case 27, immunoreactivity was seen
for S-100 protein and neuron-specific enolase in most
tumor cells, but the other antibodies showed no immu-
nolabeling. Also, in case 28, immunoreactivity was
seen only for vimentin, but not with the other antibodies
(Table 2).

Fluorescence in Situ Hybridization
We analyzed paraffin-embedded tissue sections of
SS tumors from 28 patients between 9 and 81 years
of age. The cumulative results of FISH analysis are
shown in Tables 3 to 5.

In tumor cells from two fibrosarcomas and one
leiomyosarcoma, the nuclei showed two signals (one
signal was seen in tissue from male patients) at a
rate of 88 to 96% with the centromeric probes for
chromosome X and 18 (Figure 2A). Similarly, two
fluorescent painting signals (although only one sig-
nal was seen in the male tissue) were defined at 81
to 90% with the painting probes for chromosomes X
and 18 (Figure 28).

In females (cases 1 to 10) the nuclei showed two
signals at a rate of 75 to 94%/O with the centromeric
probe for the X chromosome (Figure 2C) and at 83 to
93% with that for chromosome 18 (Figure 2E). Three
fluorescent signals were defined at 55 to 68% with
the painting probe for the X chromosome (Figure 2D)
and at 54 to 70% with that for chromosome 18 (Fig-
ure 2F). In males (cases 11 to 25) the nuclei showed
one signal at a rate of 87 to 95% with the centromeric
probe for the X chromosome and two signals at 81 to

Copy number
Chromosome X Chromosome 18

0 1 2 3 4_.- 0 1 2 3 4c

4
0
3
0
1
0
0
1

0
3
0
1
0
0

10
3

19
3
12
4
5
10

90
29
87
24
91
31

80
30
75
29
80
31
92
32

8
60
1 1
67
8

63

4
64
2

67
7

62
2

55

6
2
6
1
5

2
3
1

0
3
1
2

2
0
2
0
1

1°0

12

1°

1

3

2
0

0

7
8
6
3
8
8
3

1 1

3
3
6
6
5
9

88
17
88
24
89
29
93
32

87
28
90
29
92
29

* Numbers in each column indicate percentages.
C = centromeric probe; T = total probe.

Table 3. FISII Anal/sis offBiphasic SS'

Case

Female
1

2

3

4

Male
1 1

12

13

C
T
C
T
C
T
C
T

C
T
C
T
C
T

3
70
3

70
2

60
2

54

7
65
3

61
2

60

5
2
1
0
2

01

4
u
4
0
1
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Table 4. FISH Analysis of Monophasic SS*

Copy number

Chromosome X

Case

Female
5 C

T
6 C

T
7 C

T
8 C

T
9 C

T
10 C

T
Male

14 C
T

15 C
T

16 C
T

17 C
T

18 C
T

19 C
T

20 C
T

21 C
T

22 C
T

23 C
T

24 C
T

25 C
T

Chromosome 18

0 1 2 3 4_ 0 1 2 3 4_

0
1
0
1°
1
1
2
2
0
1
3
7

3
0
4
1
2

2
1
1
4
5
2
2

4
5
2
1
2
4
2
2
0
2
0

7
7
5
8
3

1 1
12
10
5
2

11
12

92
23
92
25
87
32
95
20
91
37
90
35
89
30
92
23
89
30
90
31
89
24
95
28

90
34
91
30
94
27
85
19
89
29
85
19

4
65
3

61
10
64
3

65
8

55
3

60
8

57
2

69
8

60
5

62
7

67
2

69

2
56
3

58
1

60
1

68
6

67
1

61

12
10
1
12

1

2

1
1

1
4

2
3

1

2

7
1
3

2
1
3
1

1

0
1
0
1

0
0

0

2
0
1
0
0
0
3
0
0
0
0
0
1
0

2

0
0
0
0
0

2
0
0

* Numbers in each column indicate percentages.
C = centromeric probe; T = total probe.

93% with that for chromosome 18. Two fluorescent
signals with an additional small signal were seen at
55 to 69% with the painting probe for the X chromo-

Table 5. FISH Analysis of Cases 26 to 28 (All Male)*

Copy number

Chromosome X Chromosome 18

Case 0 1 2 3 4_ 0 1 2 3 4c

26 C 2 81 9 7 1 3 5 89 2 1
T 0 82 8 9 1 1 7 85 7 0

27 C 2 81 9 7 1 1 8 83 6 2
T 1 75 14 8 2 0 12 79 7 2

28 C 1 90 7 2 0 2 6 89 2 1
T 1 85 9 4 1 2 10 83 5 0

*Numbers in each column indicate percentages.
C = centromeric probe; T= total probe.

some, and three fluorescent signals were seen at 53
to 72% with that for chromosome 18.

In cases 26 to 28, the nuclei showed one signal at
rates of 75 to 90% with the centromeric and painting
probes for the X chromosome. The nuclei showed
two signals at rates of 79 to 89% with the centromeric
and painting probes for chromosome 18.

Translocation t(X; 18) in Epithelial and
Spindle Cells

It was possible to distinguish epithelial cells from
spindle cells by their large size and round shape on

the slides. In epithelial cells of biphasic SS (cases 1
to 4), the average proportions of nuclei showing two
signals with the centromeric probes for chromo-

2
22
0
1
0
4
2
1
0
2
4

0
0
1
1

0
1
1

2

02

2

0
121

1

1
0
1
1

6
9
6
6
3
9
7
10
9
2
7
8

15
15
5
8
5
2
5
8

11
10
4
9
7

24
4
5
4
3
6
7
5
9
4
7

89
29
90
33
91
28
83
17
88
34
88
31

81
21
88
22
90
27
88
24
86
33
88
29
90
16
93
20
86
31
91
29
90
22
90
29

4
59
2

59
4

60
5

70
2

63
3

57

3
61
6

64
5

68
6

64
3

54
6

58
2

53
2

72
7

62
3

61
3

69
5

62

0
1
0
2
1
3
1
1
0
1
0

5
0
2
0
3
0
1
0
3
0
5
1
2
1
3
0
2
1
0
0
2
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Table 6. Proportion of Translocation t(X;18) in Epithelial Cells and Spindle Cells

C

82.5
83.5
84.5
91.0
90.0
89.5
90.5

87.4 + 3.68*

Spindle cells

T

66.0
70.5
60.0
53.5
63.0
62.5
60.5

62.3 + 5.28**

Numbers in each column indicate percentages.
C = centromeric probe; T = total probe.

: Not significant (P < 0.05).

somes X and 18 were 79.5 to 94.0%. Three signals
with the painting probes for chromosomes X and 18
were detected at rates of 55.5 to 68.0%. In spindle
cells of biphasic SS (cases 1 to 4), the average
proportions of nuclei showing two signals with the
centromeric probe for chromosomes X and 18 were

82.5 to 91.0%. Three signals were detected with the
painting probes for chromosomes X and 18 at rates
of 53.5 to 70.5%. Also, in epithelial cells of cases 11
to 13, the average proportions of nuclei showing one

signal with the centromeric probe for the X chromo-
some and two signals with that for chromosome 18
were 87.0 to 92.5%. Two signals with the painting
probe for the X chromosome and three signals with
that for chromosome 18 were detected at rates of
62.0 to 65.5%. In spindle cells of cases 11 to 13, the
average proportions of nuclei showing one signal
with the centromeric probe for the X chromosome
and two signals with that for chromosome 18 were

89.5 to 90.5%. Two signals were detected with the
painting probe for X chromosome and three signals
with that for chromosome 18 at rates of 60.5 to
63.0%. There were no significant differences in pro-

portion of cells showing translocation t(X;18) be-
tween epithelial and spindle cells as determined us-

ing the paired t-test (Table 6).

Discussion

SS accounts for 5 to 10% of all soft-tissue sarcomas

and is characterized histologically as a biphasic tu-
mor with distinct epithelial and spindle-shaped cells.
As a result, SS is difficult to distinguish from other
spindle-cell sarcomas such as fibrosarcoma, leiomy-
osarcoma, and neurogenic tumors, even with the

help of electron microscopy and immunohistochem-
istry, when composed of a monophasic spindle cell
proliferation with the lack of an epithelial component.
The chromosomal rearrangement translocation t(X;
18) was shown to be present in more than 40 cases

of SS by cytogenetic analysis.3-26 Sreekantaiah et
al24 identified a specific translocation t(X; 1 8)(pl 1 .2;
ql1.2) presented in 38 tumors (90%) of 42 speci-
mens with karyotypes described.

In this study, 25 of 28 cases of SS showed findings
consistent with translocation t(X;18) by FISH. Of 21
monophasic SS, 12 (57%) were negative for cyto-
keratin and EMA. Nine cases showed this transloca-
tion, while the other three cases did not show this
translocation, among which two cases (cases 26 and
27) were finally diagnosed as leiomyosarcoma and
malignant peripheral nerve sheath tumor, respec-

tively.
The other case (case 28) could not be assigned a

final diagnosis even after immunohistochemical
staining, but was still suggested to be monophasic
SS despite an absence of translocation t(X;18).
Knight et al22 reported two cases of monophasic SS
without translocation t(X;18) as shown by cytoge-
netic and molecular analysis. According to these
results, 25 (96%) of 26 definite SS showed findings
consistent with translocation t(X;18). However, a few
other sarcomas, including fibrosarcoma30 and ma-

lignant fibrous histiocytoma,6 have been reported to
have the same translocation, but these two cases

might represent histological varieties of SS.21 Al-
though it remains unclear whether this translocation
is present in all cases, it was found here in more than
90% of SS.

Epithelial cells

Case

2
3
4

1 1
12
13

Mean + SD

C

85.5
79.5
84.5
94.0
87.0
87.5
92.5

87.2 + 4.90*

T

68.0
66.5
62.0
55.5
62.0
65.5
62.5

63.1 + 4.12**

Figure 2. Iabeling with the cenitromeric anid total probes for the X chromnosome in control fibrosarcoma, illuistrating the presence of only tuo
centromeric signals (A) anid painting signals (B). Labeling with the centromeric and total probes for the X chronmosome in spinzdle cells of case 2,
dcemonstrating the presence of two centromerc signals (C) and three painting signals (D), and labeling wvith the centromenic and total probcs for
chromosome 18 in epithelial cells of case 2, showing two cenztromerc signals (E) and three painting signals (F) (original magnification X 1000).
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FISH, introduced by Pinkel et al,27 has provided
the means to analyze the numerical and structural
aberrations of tumor cells, even in interphase. FISH
has been applied to various solid tumors including
gastric,31 bladder,32' 33, breast,34 and testicular car-
cinomas,35 and can even be used to stain tumor
cells from paraffin-embedded tissues. FISH has also
been used in bone36 and soft tissue tumors,37 in
which numerical aberrations of chromosomes, gene
deletion, and translocation have been successfully
demonstrated. Lee et a128 reported the occurrence
of translocation t(X;18) in SS by FISH with chromo-
some-specific DNA probes. They found that the stor-
age time of the paraffin blocks, even for as long as
10 years, did not affect the quality of FISH results.
We detected chromosomal aberrations in paraffin-
embedded tissues stored for as long as 29 years.
Also, this technique can detect chromosomal aber-
rations, allowing screening for specific chromosomal
rearrangements in SS as well as other histological
types of sarcomas, using a wide panel of DNA
probes.

There is the interesting question as to whether the
pathways leading to epithelial- or mesenchymal-like
differentiation are determined by epigenetic or environ-
mental factors, or are related to distinct events at the
chromosomal level. In this study, there were no signif-
icant differences in proportion of cells positive for trans-
location t(X;18) between epithelial and spindle cells in
the biphasic type of SS, suggesting the same progen-
itor cells of epithelial cells as spindle cells. The results
of Janz et al,38 although representing only a limited
number of cases, support the hypothesis that the bi-
phasic type of SS have a breakpoint within the ornithine
aminotransferase (OAT)L1 cluster, whereas the major-
ity of the monophasic type of 88 show a breakpoint
mapping to the OATL2 cluster. Clark et a139 detected a
genomic rearrangement of the SYT gene in OATL2
cluster on chromosome 18 in 88 and indicated that
SYT undergoes fusion with a gene named SSX on
chromosome X, resulting in the formation of an SYT-
SSX fusion protein. This protein might be responsible
for the pathogenesis of SS.

In summary, we detected translocation t(X;18) in
SS by FISH with chromosome-specific DNA probes
in paraffin-embedded tissue sections. It is our con-
clusion that translocation t(X;18) is a chromosomal
aberration specific for 88, and that the FISH tech-
nique is suitable for analysis of tumor cells from
paraffin-embedded tissues. This method is a useful
aid for correct diagnosis of 88, particularly the
monophasic type.
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