-

View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by Radboud Repository

Radboud Repository Radboud University Nijmegen ;@r

S

PDF hosted at the Radboud Repository of the Radboud University
Nijmegen

The following full text is a publisher's version.

For additional information about this publication click this link.
http://hdl.handle.net/2066/20448

Please be advised that this information was generated on 2017-12-05 and may be subject to
change.


https://core.ac.uk/display/16109445?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://hdl.handle.net/2066/20448

JOURNAL OF PATHOLOGY, vol. 1/5:391-396 (1995)

INTERPHASE CYTOGENETIC ANALYSIS OF

DISTINCT X-CHROMOSOMAL TRANSLOCATION
BREAKPOINTS IN SYNOVIAL SARCOMA

MARTIN JANZ*, BERTIE DE LEEUWTf, DANIELLE OLDE WEGHUISf, MARTIN WERNERJ, MARTINA NOLTel,
AD GEURTS VAN KESSEL*)*, ALFRED NORDHEIM* AND ROBERT A. HIPSKIND*

*Institute for Molecular Biology, Hannover Medical School, 30623 Hannover, Germany; ~Department of Human
Genetics, University Hospital Nijmegen, 6500 HB Nijmegen, The Netherlands; %lnstituiefor Pathology, Hannover
Medical School, 30623 Hannover, Germany

Received 1 August 1994
Accepted 17 October 1994

SUMMARY

Synovial sarcomas show a specific translocation involving chromosomes X and 18, t(X;18)(pl 1.2;gl 1,2). Two
distinct X-chromosomal breakpoints occur In different synovial sarcoma tumour samples. These breakpoints are
located within two related genomic regions containing ornithine aminotransferase-like sequences, termed OATL1
and OATLZ2. Preliminary observations indicated the potential correlation of OATL1-associated breakpoints with
biphasic tumours and OATLZ2-associated breakpoints with monophasic fibrous tumours. The present study uses
Interphase cytogenetics to investigate the nature of chromosomal aberrations In frozen synovial sarcoma tissue
samples. Two-colour fluorescence in situ hybridization (FISH) was performed using probes specific for the
centromeres of chromosome X or 18, along with yeast artificial chromosome probes corresponding to the distinct
breakpoint regions on Xp. One monophasic epithelial and two monophasic fibrous synovial sarcomas showed an
OATL2-assocliated breakpoint, while a biphasic tumour revealed a hybridization pattern indicating a breakpoint
within the OATL1 region. These results confirm our previous suggestion of a relationship between alternative
breakpoints in Xpll.2 and different histological phenotypes observed in synovial sarcomas. They also demonstrate
the utility of the two-colour hybridization approach for the identification of chromosomal changes In interphase

nuclel 1solated from frozen tissues.

key words—synovial sarcoma; immunohistochemistry; FISH; yeast artificial chromosome (YAC); interphase
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INTRODUCTION

Synovial sarcoma Is a malignant soft tissue
tumour that most frequently affects adolescents
and young adults. The classical histological
pattern of the tumour Is Dbiphasic, revealing
two morphologically distinct cellular components,
epithelial and spindle cells, that can be present
In varying proportions. The equally common
monophasic fibrous type Is entirely composed of
spindle cells, while monophasic epithelial synovial
sarcoma Is a rare histological variant clearly domi-
nated by cells exhibiting epithelioid differentiation.
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There are also poorly differentiated forms of this
neoplasm, In which the tumour cells have an
Indistinct morphology.1

Cytogenetic studies on synovial sarcomas have
revealed a characteristic chromosomal trans-
location involving chromosomes X and 18
t(X;18}(pll'2;gl12).2 This chromosomal aberra-
tion Is found In a high percentage of tumours,
either alone or associated with further numeri-
cal and structural cytogenetic changes.34 This
striking correlation suggests that the t(X;18) trans-
location might represent a primary event In the
development of this malignancy.

Molecular characterization of the cytogeneti-
cally described rearrangements has led to the iden-
tification of yeast artificial chromosomes (YACS)
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spanning the translocation breakpoint region on
the X chromosome. Fluorescence in situ hybridiz-
ation (FISH) on synovial sarcoma metaphase
spreads and Southern analysis of a translocation
chromosome-containing somatic cell hybrid led to
the assignment of the breakpoint to the OATL1
region on Xp.56 Another study localized the
X-chromosomal break within the more proximal
OATL2 cluster.7 FISH analysis of additional
tumour samples has confirmed the presence of
two distinct breakpoints on the X chromosome
In different tumours.89 It has been suggested
that a potential relationship exists between the
two Dbreakpoints and the different histological
phenotypes of synovial sarcoma.8

In this study, we have used FISH to detect
chromosomal translocations In iInterphase nuclel
Isolated from frozen synovial sarcoma tissue,
Instead of investigating metaphase spreads of
tumour cells placed in culture. Our two-colour
hybridization strategy employs a combination
of centromere-specific probes and YAC probes
specific for the alternative breakpoint regions on
Xp. We compare these findings with the histologi-
cal and immunohistochemical characterization of
the tumours and thereby address the question of a
potential correlation between the genetic events
and the phenotype of the tumour.

MATERIALS AND METHODS

Immunohistochemistry

Immunohistochemistry was performed using a
panel of monoclonal and polyclonal antibodies
against different antigens, 1.e., EMA, CEA, vimen-
tin (V9), S-100, NSE, smooth muscle actin (HHF
35), UEA-1, collagen IV (all from Dakopatts) and
keratin (KL1; Dianova). Five-micrometre sections
were deparaffinized, rehydrated, and iIncubated
with primary antibodies for 1h at room tempera-
ture after blocking of non-specific binding. Anti-
body reactivity was visualized using a modified
APAAP technique.10

Preparation of nucleifrom frozen tissue

Sections 50 \xm In thickness cut from frozen
tissue were minced with a scalpel on a microscope
slide. The minced tissue was suspended in a small
volume of phosphate-buffered saline (PBS) and
transferred to a 15 ml tube. The tissue suspension
was then pipetted repeatedly to release nuclel.

After allowing the larger particles to settle, the

supernatant, containing the nuclel, was fixed by
adding ice cold 70 per cent ethanol. Nuclel were
collected by centrifugation at 1200 rpm for 10 min.
50 M of the nuclear suspension was spread on
slides and dried at 65°C for 30 min.

Fluorescence In situ hybridization on interphase
nuclel

The following probes were used: pBamXS5,
specific for the X chromosome centromere; L1.84,
specific for the chromosome 18 centromere;
and two YAC clones, numbered 2 and 7, which
correspond to the OATL1 and OATL2 clusters,
respectively.

Hybridization and detection procedures were
performed as previously described.56 Probes were
labelled by nick translation with either Dbiotin-
14-dATP or digoxigenin-lI-dUTP. YAC probes
were preannealed for 4h at 37°C with a 50-fold
excess of sonicated total human DNA, which was
unnecessary for centromeric probes. All hybridiz-
ations were performed In 50 per cent (v/v)
formamide, 10 per cent (w/v) dextran sulphate,
2 XSSC, 1 per cent (vliv) Tween-20, pH 7-0.

The slides were pretreated with porcine pepsin
(Serva; 100jig/ml In 0-01 m hydrochloric acid) at
37°C for 20 min, followed by fixation in 1 per cent
(v/iv) formaldehyde-PBS, pH 7’2, for 10 min at
4°C. After denaturation at 70°C for 2 min in 70 per
cent formamide, 2 x SSC, pH 7-0, the slides were
hybridized overnight at 37°C In a moist chamber
with the Indicated probes. Post-hybridization
washes Involved three changes of 50 per cent
formamide, 2 x SSC at 42°C, 5 min each, followed
by three washes, 5 min each, In 2 x SSC at 42°C.

Biotinylated probes were detected with FITC-
conjugated avidin (1:500; Vector Laboratories).
This signal was amplified by two rounds of Incu-
bation with rabbit-anti-FITC (1:250; DAKO) and
FITC-conjugated mouse-anti-rabbit antibodies
(1:100; Jackson Immunoresearch). Digoxigenin-
labelled probes were visualized with rhodamine
conjugated  sheep-anti-digoxigenin  antibodies
(1:20; Boehringer Mannheim), followed by
amplification with donkey-anti-sheep-Texas red
antibodies (1:50; Jackson Immunoresearch).
Finally, the slides were mounted iIn anti-fade
medium (DABCO; Merck) containing diamino-
phenylindole (DAPI; Sigma) for nuclear counter-
staining.

Using a Zeiss Axiophot epifluorescence micro-
scope, at least 100 nuclelr were evaluated per
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Table I—Histological diagnosis, immunophenotype, and In situ hybridization data

Immunophenotype FISH
Case Histological breakpoint
No. diagnosis EMA Keratin CEA YIM S-100 NSE Actin UEA-1 Collagen IV region
1 M E — + + + — OATL?Z2
2 Bl + 4- B + + - — - OATLL1
3 ME — — + + — — - — + OATL?2
4 MF + m A OATL2

MF=Monophasic fibrous; Bl=biphasic; ME=monophasic epithelial,;

+ =tumour cells are positive; - =tumour cells are

negative; EM A=epithelial membrane antigen; CEA=carcinoembryonic antigen; VIM=viinentin; NSE=neuron-specific enolase;
OATL1, OATL2=X-chromosomal breakpoint within the ornithine aminotransferase-like clusters 1 and 2, respectively.

experiment. Separate digital images were recorded
using a high-performance CH250/A cooled CCD
camera coupled to a Macintosh llel computer and
analysed with the program BDS-Image (Biological
Detection Systems, Rockville U.S.A)*

RESULTS

Histological examination of four separate cases
of synovial sarcoma revealed two examples of
the monophasic fibrous type, one monophasic
epithelial type, and one biphasic tumour. Immuno-
histochemically, three of the four cases showed
positive staining for one or two epithelial markers
(1.e.,, keratin, EMA, or CEA) and all tumours
stained positively for vimentin (Table | and data
not shown).

FISH was performed using combinations of
differently labelled probes. One was a centromeric
probe specific for either chromosome X or 18,
detected In red, and the other was either YAC 2
(OATL1) or YAC 7 (OATL?2), detected In green.
Simultaneous hybridization of the centromere X
probe and either one of the YAC probes to normal
Interphase nuclel yielded discrete, closely spaced'
signals, consistent with their physical linkage (Fig.
1A). In contrast, the combination of the centro-
mere 18 probe and the YAC probes indicated
well-separated hybridization domains, showing a
random distribution within the nucler. A few cells
exhibited alterations in this pattern, such as loss of
signals or doublet signals. These are likely to result
from overlapping hybridization domains or to
reflect nuclei In a phase of the cell cycle when

chromosomal condensation and replication are
occurring.

Hybridization of the centromere X probe (in
red) and the YAC 2 probe (in green) to tumour
cells of cases 1, 3, and 4 revealed a close proximity
for one pair of red and green signals, while the
other signals were located at random In the nucleus
(Fig. IB). Using a combination of centromere 18
and YAC 2 probes, a consistent juxtaposition was
observed for one red and one green signal (Fig.
1C), These findings Indicated a chromosomal
break occurring between the X centromere and the
OATL1 cluster, with subsequent translocation of
the Xp regions recognized by YAC 2 to chromo-
some 18. The use of YAC 7, corresponding to the
more proximal OATL2 cluster, confirmed and
refined these observations. Hybridization of YAC
7 resulted In three signals of unequal size, Iindicat-
Ing that the region encompassed by this YAC was
split by a translocation event (Fig. ID). Moreover,
one out of the three YAC 7 hybridization domains
was consistently located near one centromere 18
signal (Fig. IE). Taken together, these observa-
tions indicate a translocation involving chromo-
somes X and 18 in cases 1,3, and 4 and localize the
chromosomal break to the OATLZ2 cluster on Xp.

In contrast, hybridization of YAC 7 to tumour
cells of case 2 revealed no detectable alterations In
the normal hybridization pattern, using either the
centromere X or the centromere 18 probe. How-
ever, the more distal YAC 2 probe showed three
signals In experiments with both centromeric
probes (Fig. IF). This Is consistent with a trans-
location between chromosomes X and 18
occurring within the OATL1 region.

Two cases (2 and 4) showed a significant propor-
tion of nuclel exhibiting a hybridization pattern
Identical to that of normal nuclel. Correspond-
Ingly, a high frequency of non-tumour cells was



"7V 13 Zi\'vr 'J\ *6 £



X-CHROMOSOME BREAKPOINTS IN SYNOVIAL SARCOMA

observed In representative histological sections.
These cases were therefore evaluated by correlating
the percentage of tumour cells on the haematoxylin
and eosin-stained sections with the percentage of
cells presenting an abnormal signal pattern.

DISCUSSION

The classical biphasic type of synovial sarcoma
has a distinctive morphology and thus rarely poses
a problem diagnostically. Cases that do not exhibit
distinct epithelial and spindle cell components, on
the other hand, require more careful investigation.
In particular, monophasic fibrous tumours and the
poorly differentiated forms must be distinguished
from a variety of morphologically similar soft
tissue tumours, Including fibrosarcoma, malig-
nant schwannoma, haemangiopericytoma, and
lelomyosarcoma. Together with advances In the
Immunohistochemical characterization,11,12 the
ability to 1dentify the characteristic t(X;18) trans-
location could significantly facilitate the diagnosis,
as well as enhancing its reliability.

Interphase FISH can overcome the limitations
of conventional cytogenetic analysis In many
Instances. This can be useful for the cytogenetic
characterization of solid tumours that are difficult
to culture in vitro. FISH on Interphase nuclei has
proven to be a powerful tool for the detection of
numerical aberrations in malignancies and in the
context of pre-and post-natal diagnosis.1314 How-
ever, few reports present its application for the
Identification of structural changes.1516

In the present study, Interphase cytogenetics
have been used to Investigate chromosomal trans-
locations In synovial sarcoma. Four different sets
of experiments were performed on all tumours
using probes specific for centromere X or 18, along
with YAC probes spanning the two breakpoint
regions on Xp. Advantage was taken of the fact
that In synovial sarcoma the breakpoints are
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located adjacent to the X and 18 centromeres. This
results Iin the YAC probes localizing In close
proximity to centromere In normal cells and to
centromere 18 in cells carrying a reciprocal t(X;18)
translocation. This approach provided simulta-
neous information, on a single cell basis, about the
chromosome copy number, the occurrence of addi-
tional, abnormal signals, and the physical linkage
(or non-linkage) of the target sequences. Further-
more, It permitted a precise characterization of
structural aberrations in interphase cells, more so
than that possible with chromosome painting
probes. It should be possible to apply this
approach to solid tumours on a routine basis In
cases where a specific translocation Is associated
with a tumour, provided that appropriate probes
are available.

In tumours from four female patients, we have
observed results consistent with the presence of
one normal and one rearranged X chromosome.
In the same cases, X signals appeared In close
proximity to the 18 centromere-specific probe.
This agrees with a t(X;18) translocation having
occurred in the tumour samples. In three examples,
one monophasic epithelial and two monophasic
fibrous synovial sarcomas, 1t was possible to assign
the breakpoint to the OATL2 region, while In the
other case, a biphasic tumour, the hybridization
pattern indicated an OATL1 breakpoint.

Thus, our findings corroborate the demonstra-
tion of two distinct X-chromosomal breakpoints in
the t(X;18) translocation characteristic of synovial
sarcoma and are relevant to the question of
whether distinct chromosomal breakpoints can be
correlated with different tumour phenotypes, as
recently proposed.8 With one exception,9 biphasic
tumours correspond to a breakpoint within the
OATL1 cluster, whereas the majority of mono-
phasic fibrous tumours show a Dbreakpoint
mapping to the OATLZ2 region.89 Our results,
while representing only a limited number of cases,
support this working hypothesis.

Fig. I—Fluorescence Insitu hybridization on interphase nuclei. Centromeric probes specific for chromosome X or 18, along with
either YAC 2 or YAC 7, are shown. The latter correspond to the OATL1 and OATL2 regions on Xpl 1-2, respectively. The
centromere-specific probes are detected In red and the YAC probes in green. (A) Normal interphase nucleus (female) revealing
close proximity of the OATL1-specific YAC 2 probe to the chromosome X centromere. (B) Case 3 (female): centromere X probe
In combination with YAC 2. One of the YAC signals Is separated from one of the centromere X signals. (C) Case 1 (female):
centromere 18 probe and YAC 2, with juxtaposition of one YAC 2 and one centromere 18 signal (arrow), (D) Case 3. centromere
X probe Iin combination with YAC 7. Two YAC 7 signals are in close proximity to the chromosome X centromeres (arrows),
whereas a third YAC 7 signal (which appears to be split due to computer processing;, open arrow) shows no linkage to the
centromeric signals. (E) Case 1. centromere 18 probe and YAC 7. Three YAC 7 signals are detectable, one of which Is juxtaposed
with one centromere 18 signal (arrow). (F) Case 2 (female): centromere 18 probe Iin combination with YAC 2. One of the three
YAC 2 signals Is located close to one centromere 18 signai (arrow)
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Little 1s known about how synovial sarcoma
originates or about the factors responsible for the
striking morphological variety of the tumour. The
Interesting question i1s whether the pathways lead-
Ing to epithelial- or mesenchymal-like differentia-
tion are determined by epigenetic, environment
factors, or whether they are related to distinct
events at the chromosomal level. The full charac-
terization of the breakpoints and the evaluation of
additional tumour material will help to answer
these questions and to provide further insight into
the pathogenesis of synovial sarcoma.
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