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Abstract Break-apart FISH probes are the most popular and
reliable type of FISH probes used to confirm certain patholog-
ical diagnoses. The interpretation is usually easy, however, in
some instances it is not so unequivocal. Our aim was to reveal
and elucidate the problems occurring in the process of evalu-
ation of the break-apart probe results. Altogether 301 soft
tissue sarcomas with confirmed molecular tests using break-
apart probes were assessed to reveal the frequency and type of
unusual signal pattern. Among 89 synovial sarcoma (SS18)
11%, 12 alveolar rhabdomyosarcoma (FOXO1) 50%, 53
myxoid liposarcoma (DDIT3) 7.5%, 6 low grade fibromyxoid
sarcoma (FUS) 67%, 93 Ewing sarcoma (EWSR1) 3%, 12
clear cell sarcoma (EWSR1) 8%, 5 desmoplastic small round
cell tumor (EWSR1) 0%, 9 extraskeletal myxoid
chondrosarcoma (EWSR1) 0%, 2 myoepithelial carcinoma
(EWSR1) 50%, 14 dermatofibrosarcoma protuberans
(COL1A1) 86% and 6 nodular fasciitis (USP6) 17% atypical
break-apart signals were detected. Despite the unusual signal
pattern type, the fusion genes were detected using either meta-
phase FISH, interphase FISH with translocation/TriCheck
probe or RT-PCR methods. Although the interpretation prob-
lems in the process to evaluate the break-apart probe results is
well known from sporadic case reports, a systemic overview
to detect their frequency has not been performed so far. In our

work we highlighted the relative frequency of this problem
and pinpointed those signal-patterns which, despite their un-
usual appearance, can still confirm the diagnosis.
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Introduction

Molecular studies have become substantially important in the
diagnosis of soft tissue neoplasms. Many diagnostic entities
have characteristic molecular alterations and, as such,
methods that allow detection of these alterations are valuable
for diagnostic confirmation [1]. Several methods exist to eval-
uate these genetic events; including conventional cytogenet-
ics, reverse transcription-polymerase chain reaction (RT-PCR)
and fluorescence in situ hybridization (FISH) [2].
Diagnostically useful chromosomal translocations (with com-
mercially available break-apart probes) and their associated
chimeric genes are summarized in the Table 1. The focus of
this study was to evaluate the utility of the break-apart probes
for FISH, which have become one of the most important tools
of molecular testing at many institutions. The dual color
break-apart probes hybridize to targets which flank the most
common breakpoints in a given gene. Separation of the two
differently, often green and orange labeled probes displays a
rearrangement of the gene which in turn indicates the presence
of a translocation related to that gene. The high degree of
specificity of probes generally makes their application and
interpretation unequivocal. However, it is not uncommon to
have an atypical abnormal interphase FISH result. Our study
highlights the incidences of the different atypical break-apart
FISH patterns in the daily routine diagnostics of soft tissue
tumors and also calls the pathologists’ and/or molecular
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biologists’ attention to these problems. We also want to share
our experiences with the pathological community to help them
when they have to cope with similar interpretation problems.

Materials and Methods

Tissue Samples and Pathology

Altogether 89 synovial sarcomas, 53 myxoid/round cell
liposarcomas, 6 low-grade fibromyxoid sarcomas, 12 alveolar
rhabdomyosarcomas, 93 Ewing sarcomas/peripheral
neuroectodermal tumors, 12 clear cell sarcomas, 5
desmoplastic small round cell tumors, 9 extraskeletal myxoid
chondrosarcomas, 2 myoepithelial carcinomas, 14
dermatofibrosarcoma protuberanses and 6 nodular fasciitis
were included in the study from the archives of Semmelweis
University First Department of Pathology, Budapest,
Hungary. All cases were classified according to the World
Health Organization (WHO) classification of tumors of soft
tissue [3]. Hematoxylin and eosin stained formalin-fixed,
paraffin-embedded tissue sections and immunohistochemical
stains were re-evaluated in all cases.

Fluorescence in Situ Hybridization (FISH)

FISH analysis was performed on interphase nuclei of paraffin
embedded 3-μm-sections using LSI dual color break-apart
probes, specific for SS18 (SYT) at 18q11.2, DDIT3 (CHOP)
at 12q13,FUS at 16p11, FOXO1 (FKHR) at 13q14, EWSR1 at
22q12 (Vysis, Abbott Park, IL, USA) and ZytoLight SPEC
dual color break-apart probes forCOL1A1 at 17q21 andUSP6
at 17p13.2 (ZytoVision, Bremerhaven, Germany). One end of

the probes was labeled with spectrum orange™ (telomeric, 5′
to the breakpoint) and the other with spectrum green™ (cen-
tromeric, 3′ to the breakpoint). The SS18/SSX1 TriCheck
Probe (ZytoVision) was also used for confirmation. After
deparaffinization in xylene and rehydration in a series of eth-
anol, sections were microwaved for 20 min in 10 mM citric
acid buffer and incubated in 2× saline-sodium citrate (SSC) in
waterbath at 37 °C for 15 min. Enzymatic digestion was car-
ried out with a 10% pepsin solution at 37 °C for 15 min. In all,
4.5μl diluted probe was co-denatured with the tissues at 82 °C
for 10 min and hybridized at 37 °C for overnight using the
ThermoBrite Denaturation/Hybridization System (Abbott
Molecular). Post-hybridization wash was performed in 0.4×
SSC/0.1% NP-40 (73 °C, 2 min) followed by a wash in 2×
SSC/0.1% NP-40 (room temperature, 2 min). The slides were
air dried in the dark, then counterstained with 10 μl of 4′.6′-
diamidino-2-phenylindole from Vector Laboratories
(Burlingame, CA, USA). For metaphase FISH analysis a
piece of a resected synovial sarcoma was minced and cultured
in RPMI 1640 medium (Sigma-Aldrich, St Louis, MO, USA)
supplemented with 20% fetal bovine serum (FBS, from
Sigma-Aldrich) for 72 h. Chromosome preparation was made
following standard procedures including a 3 h colcemid treat-
ment, hypotonization, and fixation in 3: 1 methanol:acetic
acid. 50ul of cell suspension was dropped and air-dried on a
slide where the above described FISH procedure was per-
formed using SS18 specific probe. The FISH signals were
visualized by using filter sets and a Nikon Eclipse E600
epifluorescence microscope. Image analysis was performed
by using Lucia Cytogenetics image acquisition system
(Laboratory Imaging, Republic of Czech). For each case and
probe, a minimum of 100 non-overlapping nuclei, which were
clearly identified and contained unequivocal signals, were

Table 1 Molecular alterations
(translocations) in soft tissue
neoplasms

Diagnostic entity Chromosome abnormality Chimeric gene Split-signal probe

Synovial sarcoma t(X;18)(p11.2;q11.2) SS18-SSX1 SS18
SS18-SSX2
SS18-SSX4

Alveolar rhabdomyosarcoma t(2;13)(q35;q14) PAX3-FOXO1A FOXO1
t(1;13)(p36;q14) PAX7-FOXO1A

Myxoid/round cell liposarcoma t(12;16)(q13;p11) FUS-DDIT3 DDIT3, FUS
t(12;22)(q13;q12) EWSR1-DDIT3

Low-grade fibromyxoid sarcoma t(7;16)(q34;p11) FUS-CREB3L2 FUS
t(11;16)(p11;p11) FUS-CREB3L1

Ewing sarcoma/ PNET t(11;22)(q24;q12) EWSR1-FLI1 EWSR1
t(21;22)(q22;q12) EWSR1-ERG

Clear cell sarcoma t(12;22)(q13;q12) EWSR1-ATF1 EWSR1
t(2;22)(q34;q12) EWSR1-CREB1

Desmoplastic small round cell tumor t(11;22)(p13;q12) EWSR1-WT1 EWSR1
Extraskeletal myxoid chondrosarcoma t(9;22)(q22;q12) EWSR1-NR4A3 EWSR1
Myoepithelial carcinoma t(6;22)(p21;q12) EWSR1-POU5F1 EWSR1

t(1;22)(q23;q12) EWSR1-PBX1
DFSP t(17;22)(q22;q13) COL1A1-PDGFB COL1A1
Nodular fasciitis t(16;17)(q22;p13) USP6-CDH11 USP6

PNET primitive neuroectodermal tumor, DFSP dermatofibrosarcoma protuberans
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counted. A probe was considered to be split (break-apart)
when the orange and the green signals were separated by
two times distance greater than the size of one hybridization
signal. These break-apart rearrangements were interpreted as
Btypical^ FISH pattern (1fusion, F; 1 red, R and 1 green, G
signal) while any other motifs, mainly with extra (also called
as isolated) signals were considered to be Batypical^.

Results

In the present study, altogether 301 soft tissue sarcomas, includ-
ing 89 (29.57%) synovial sarcomas, 53 (17.6%) myxoid/round
cell liposarcomas, 6 (1.99%) low-grade fibromyxoid sarcomas,
12 (3.98%) alveolar rhabdomyosarcomas, 93 (30.89%) Ewing
sarcomas/peripheral neuroectodermal tumors, 12 (3.98%) clear
cell sarcomas, 5 (1.66%) desmoplastic small round cell tumors,
9 (2.99%) extraskeletal myxoid chondrosarcomas, 2 (0.66%)
myoepithelial carcinomas, 14 (4.65%) dermatofibrosarcoma
protuberanses and 6 (1.99%) nodular fasciitis, were analyzed
for their characteristic break-apart FISH patterns. The summa-
rized results of atypical break-apart FISH are shown in Table 2.
These atypical signal patterns were homogenous for each tumor
since more than 80% of the tumor nuclei showed the distinctive
break-apart motif.

A total of 89 synovial sarcomas were screened for SS18
gene rearrangement. A great majority of the cases displayed
the typical split pattern (1F1R1G) while (10/89) 11.2% of the
tumor samples were considered to be atypical (Table 2). This
atypical pattern consisted of two fusions and one red isolated
signal (2F1R) as illustrated in an interphase tumor cell in
Fig. 1b. The SS18-SSX1 fusion was confirmed by using both
the TriCheck FISH probe (Fig. 1c) and RT-PCR method
(Fig. 1e). The same 2F1R signal pattern was seen in another
5 synovial sarcoma cases. We revealed that in the case of
2F1R, a translocation of the 5′ telomeric region of SS18 could
be seen on metaphase preparation (from the same synovial

sarcoma case as in Fig. 1b) as this appeared as an extra red
signal located on an X chromosome beside the two fusion
signals located on chromosomes 18 (Fig. 1d). On the other
hand, as illustrated in Fig. 1g, an atypical pattern consisted of
two fusions, two red and one green signals (2F2R1G) were
found in a poorly differentiated synovial sarcoma.
Furthermore, a monophasic type showed another variant of
the atypical pattern which was comprised of one fusion, two
red and one green signals (1F2R1G, Fig. 1i). Two further
synovial sarcomas displayed extra red signal patterns, one
fusion, one red (1F1R) and two fusions, two red signals
(2F2R), specifically. However, in all 89 synovial sarcoma
cases, the specific SS18-SSX1/SSX2 fusion gene could be de-
tected by RT-PCR.

Regarding the FOXO1 rearrangement in 12 alveolar rhabdo-
myosarcomas, the typical-atypical patterns were shared equally
among 50/50% of the cases (Table 2). The atypical FISH pattern
demonstrated one pair of juxtaposed fusion signals for FOXO1
locus, one red signal for the telomeric region for FOXO1, and
10–15 copies of green signals for the centromeric region of
FOXO1 indicating that one allele of the FOXO1 gene was
rearranged and its centromeric region subsequently amplified
(Fig. 2b). A lower amplification of the centromeric FOXO1
region is shown in Fig. 2d. However, patterns with higher
(10–20) copies of green signals were the most frequently ob-
served alterations among the FOXO1 rearrangements including
six alveolar rhabdomyosarcoma cases. Polyploidy was found in
41.6% (5 of 12 cases) and 83.3% (5 of 6 cases) had an atypical
(amplified) FOXO1 pattern.

53 myxoid liposarcomas were submitted for evaluation
using the DDIT3 and FUS break-apart rearrangement probes
and 6 low-grade fibromyxoid sarcomas using FUS break-
apart probe. Among myxoid liposarcomas, (4/53) 7.5% of
the cases harbored atypical DDIT3 translocations while un-
usual split patterns were not identified using the FUS break-
apart probe. Three tumors displayed one (or two) isolated red
signals, hybridizing for the centromeric side ofDDIT3, beside

Table 2 Summary of atypical break-apart FISH results

Diagnosis (no.cases) FISH probes

SS18 FOXO1 DDIT3 FUS EWSR1 COL1A1 USP6

Synovial sarcoma (n = 89) (10/89) 11.2%* - - - - - -
Alveolar rhabdomyosarcoma (n = 12) - (6/12) 50% - - - - -
Myxoid/round cell liposarcoma (n = 53) - - (4/53) 7.5% (0/53) 0% - - -
Low-grade fibromyxoid sarcoma (n = 6) - - - (4/6) 66.7% - - -
Ewing sarcoma/ PNET (n = 93) - - - - (3/93) 3.2% - -
Clear cell sarcoma (n = 12) - - - - (1/12) 8.3% - -
Desmoplastic small round cell tumor (n = 5) - - - - (0/5) 0% - -
Extraskeletal myxoid chondrosarcoma (n = 9) - - - - (0/9) 0% - -
Myoepithelial carcinoma (n = 2) - - - - (1/2) 50% - -
Dermatofibrosarcoma protuberans (n = 14) - - - - - (12/14) 85.7% -
Nodular fasciitis (n = 6) - - - - - - (1/6)16.7%

FISH indicates fluorescence in situ hybridization, PNET primitive neuroectodermal tumor

*Numbers represent the proportion/percentage of cases demonstrating atypical rearrangement of that particular gene region by FISH break-apart probes
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the two not-rearranged loci (2F1R or 2F2R, Fig. 3b). The
fourth case showed one fusion, a two red and one green signal
pattern (1F2R1G). Of the 6 low-grade fibromyxoid sarcomas,
4 (66.7%) had atypical split pattern working with FUS break-
apart probe. Two types of signal motifs, composed of two
fusions with one or two isolated green signals (2F1G or
2F2G, Fig. 3d), were observed in these 4 tumors.

Concerning the EWSR1 gene rearrangements, altogether
121 tumors were analyzed, including 93 Ewing sarcomas/
peripheral neuroectodermal tumors, 12 clear cell sarcomas, 5
desmoplastic small round cell tumors, 9 extraskeletal myxoid
chondrosarcomas and 2 myoepithelial carcinomas. The atyp-
ical split patterns were quite rare among the abovementioned
entities and, interestingly, all the tested desmoplastic small
round cell tumors and extraskeletal myxoid chondrosarcomas
demonstrated the typical break-apart motifs (Table 2). Three
(3.2%) Ewing sarcomas showed an atypical EWSR1 FISH
pattern (Table 2) with one fusion, two red and one green signal

(1F2R1G) or one fusion, one red and two green signals
(1F1R2G), and two fusions with one extra red signal
(2F1R), respectively. The same 2F1R pattern was observed
in the case of one clear cell sarcoma as illustrated in Fig. 4b.
The EWSR1-ATF1 fusion was proved by RT-PCR as depicted
in Fig. 4c. The Ewing sarcoma case with a 1F1R2G pattern
showed intensive and diffuse ERG immunopositivity and
FLI1 negativity; proving the atypical translocation of
EWSR1-ERG genes (data not shown). An interesting
myoepithelial carcinoma case was diagnosed that displayed
both amplification of EWSR1 locus at 22q12 and clear
EWSR1 translocations in the majority of tumor cells
(Fig. 4f), however, some cells showed an atypical EWSR1
break-apart pattern with one fusion, two red and one green
signal (1F2R1G, Fig. 4e).

Among dermatofibrosarcoma protuberans cases, only 2 out
of 14 (14.3%) patient samples showed the Bclassical^ pattern i.e.
1F1R1G using the COL1A1 break-apart probe. The remaining

Fig. 1 a Monophasic synovial sarcoma (hematoxylin-eosin, original
magnification ×200). b FISH using dual color break-apart probe for
SS18 demonstrating two fusion (yellow) and one extra red signal
(2F1R, original magnification ×1000). c Inset demonstrating FISH
using the SS18/SSX1 TriCheck Probe. SS18-SSX1 fusion is indicated
by one separate orange signal co-localizing with one blue signal. d Partial
picture of metaphase spread of the same monophasic synovial sarcoma;
arrow indicates translocation of the 5′ telomeric region of SS18 to the X
chromosome (original magnification ×600). e RT-PCR revealed the

amplification of SS18 (SYT)-SSX1 fusion gene (black); ABL gene (red)
was used as internal control. f Poorly differentiated synovial sarcoma
(hematoxylin-eosin, original magnification ×200). g Inset showing SS18
FISHwith atypical pattern consisted of two fusion, two red and one green
signals (2F2R1G, original magnification ×1000). hMonophasic synovial
sarcoma (hematoxylin-eosin, original magnification ×200). i Inset
demonstrating SS18 FISH with one fusion, two red and one green
signals (1F2R1G, original magnification ×1000)
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12 cases (85.7%) were considered as atypical (Table 2), charac-
terized by fusion signals (2F or 3F) and extra copies of the 5′
telomeric region of COL1A1 (2R to 6R) (Fig. 5b).

Relating to theUSP6 rearrangement in 6 nodular fasciitis, one
case (16,7%) displayed an unusual break-apart pattern (Table 2)
with two fusions and one extra red signal (2F1R) (Fig. 6b).

Discussion

Soft tissue sarcomas are rare and heterogeneous neoplasms of
mesenchymal tissues with diverse morphologies and clinical
behavior. In the last few years, the discovery of specific ge-
netic aberrations in these tumors has allowed better

Fig. 2 a Alveolar rhabdomyosarcoma (hematoxylin-eosin, original
magnification ×200), which contained one normal fusion signal
(yellow), one split signal for the telomeric region of FOXO1 (red), and
~10–15 copies of the split signal for the centromeric region of FOXO1
(green, original magnification ×1000). This result in inset b indicate

rearrangement at FOXO1 locus, as well as amplification of its
centromeric region. c Alveolar rhabdomyosarcoma (hematoxylin-eosin,
original magnification ×200) showing a lower amplification of the
centromeric FOXO1 region as seen in inset d (original magnification
×1000)

Fig. 3 a Myxoid liposarcoma (hematoxylin-eosin, original
magnification ×200). b Inset showing atypical FISH pattern of DDIT3
gene comprising of two fusion and one isolated red signals (2F1R,
original magnification ×1000). c Low-grade fibromyxoid sarcoma

(hematoxylin-eosin, original magnification ×200). d Inset
demonstrating the FUS dual color break-apart FISH pattern consist of
two fusion and two green signals (2F2G, original magnification ×1000)
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classification and understanding of their pathogenesis.
Numerous technological developments have contributed to
the better understanding of cell biology and have shed light
on the molecular mechanisms of malignant transformation.
Chromosomal karyotyping is the classic methodology for
demonstrating translocations, however, it requires the rarely
available and often difficult cell-culture from fresh tumor tis-
sue. Moreover, in cases with complex karyotypes, demonstra-
tion of characteristic translocations can be more challenging.
FISH can be used to identify abnormalities in cases where
conventional karyotypic analysis is inconclusive or when
metaphase spreads are not available; for example, in cases

when only formalin-fixed, paraffin-embedded tissue is avail-
able. In practice nowadays, the break-apart FISH methodolo-
gy is the most common one and many commercially available
probes are used for soft tissue sarcoma diagnosis. However, it
has been supposed that dual fusion probes are superior to
break-apart ones regarding sensitivity because their false pos-
itive rate on normal tissue is virtually zero [4]. Despite this
fact, a broad spectrum of break-apart probes is commercially
available, while the range of dual fusion probes is consider-
ably less. The break-apart (also known as split-apart) strategy
is helpful in situations in which one translocation partner is
largely conserved but the second translocation partner varies.
A good example is the Ewing sarcoma breakpoint region 1

Fig. 4 a Clear cell sarcoma (hematoxylin-eosin, original magnification
×200). b Inset showing atypical EWSR1 break-apart FISH pattern with
two fusion and one red signals (2F1R, original magnification ×1000). c
RT-PCR revealed the amplification of EWSR1-ATF1 fusion gene (black);
ABL gene (red) was used as internal control. d Myoepithelial carcinoma
(hematoxylin-eosin, original magnification ×200) displaying two types of

EWSR1 rearrangements: e Inset demonstrating a tumor cell with one
fusion, two red and one green signal pattern (1F2R1G, original
magnification ×1000) using EWSR1 dual color break-apart FISH. f
Lower inset showing both amplification of EWSR1 locus at 22q12 and
clear EWSR1 split (marked by arrows) using the same FISH probe

Fig. 5 a Dermatofibrosarcoma protuberans (hematoxylin-eosin, original
magnification ×200). b Inset showing two fusion signals and extra copies
(amplification on supernumerary ring chromosome) of the 5′ telomeric
region of COL1A1 (original magnification ×1000) using COL1A1 dual
color break-apart FISH

Fig. 6 a Nodular fasciitis (hematoxylin-eosin, original magnification
×400) b Inset displaying unusual USP6 break-apart pattern with two
fusions and one extra red signal (2F1R, original magnification ×1000)
using USP6 dual color break-apart FISH
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(EWSR1; also known as EWS) which is involved in a broad
variety of mesenchymal lesions which include the Ewing
sarcoma/peripheral neuroectodermal tumor, desmoplastic
small round cell tumor, clear cell sarcoma, angiomatoid fi-
brous histiocytoma, extraskeletal myxoid chondrosarcoma,
myoepithelial carcinoma and a subset of myxoid liposarcoma.
In these entities, more than ten fusion partners of EWSR1were
discovered, including FLI1, ERG, ETV1, FEV, E1AF, ATF1,
WT1, CREB1, NR4A3, NFATC2, SP3, ZNF278, POU5F1 and
DDIT3 [5]. Regarding the interpretation of the split-apart
style, the results are clearly visible and readily recognized,
as stated by Motoi et al. [6].

Consequently, there are very few data in the literature
about the description of atypical break-apart patterns in
sarcomas. Actually, one interesting article was found
which described 2 cases of malignant melanotic epitheli-
oid renal neoplasms bearing TFE3 gene fusions. The first
case demonstrated unbalanced TFE3 rearrangement with
one fusion and one isolated red signal using split FISH
assay. The second case showed one dislocated red and
green signal per nucleus which referred to a balanced
TFE3 rearrangement and loss of the second X chromo-
some [7]. Molecular examinations of synovial sarcoma
SS18-SSX fusion transcripts discovered some potentially
problematic questions concerning the interpretations of
break-apart FISH results [8]. This study revealed, for the
first time, the loss of one spectrum green signal in more
than 70% of neoplastic cells in six synovial sarcoma cases
in which the SS18-SSX fusion gene was detected by RT-
PCR. The speculated cause of atypical pattern was the
deletion of the SSX-SS18 fusion gene which the spectrum
green probe labels. The authors suggest the interpretation
of FISH results in borderline cases should always be sup-
ported by RT-PCR. Moreover, the same study reported, as
the second problem during FISH analysis, the presence of
multiple copies of SS18 region in some cases of synovial
sarcoma [8].

In our study, we retrospectively evaluated the split-
apart FISH results of 301 formalin-fixed, paraffin-
embedded soft tissue tumor samples. Altogether, 42
(13.95%) out of the 301 tumors harbored a sort of atypical
pattern according to the summarized details of Table 2. A
synovial sarcoma case was found first with an isolated red
SS18 signal in the majority of the interphase tumor cells.
For excluding the possibility of an artifact signal, SS18
FISH was also performed on the metaphase preparation
of the same synovial sarcoma case. The chromosome re-
gion of the isolated red signal was found to be
translocated to the X chromosome and supposedly fused
with SSX1 as it was validated by interphase FISH with
translocation/TriCheck probe and RT-PCR. These results
can validate not only the above mentioned 2F1R pattern
(which was found in altogether 5 synovial sarcomas) but

indirectly also confirm further discovered atypical pat-
terns (2F2R1G, 1F2R1G, 1F1R and 2F2R) concerning
another 5 synovial sarcomas.

Atypical/abnormal FOXO1 rearrangements are well
known and are common genetic alterations in alveolar rhab-
domyosarcoma [9, 10]. Cytogenetic aberrations demonstrate
that one allele of FOXO1 is rearranged and its centromeric
region amplified afterwards. The 50% (6 of 12) incidence of
FOXO1 amplification we found in our alveolar rhabdomyo-
sarcoma cases is in a good correlation with the results of
Matsumura et al. [9] who observed the same amplification in
53.8% (7 of 13) of their cases.

Regarding the atypical DDIT3 break-apart pattern in
myxoid/round cell liposarcoma we are not aware of any
published data documenting isolated red signal or signals,
however, it was found in 7.5% by us. Willmore-Payne
et al. observed DDIT3 probe signal amplification in all 5
well-differentiated liposarcomas and 1 (4.5%) out of 22
myxoid liposarcomas. The authors mentioned that the
finding of amplification of either the green fluorophore-
labeled probe or both probes was an interesting and ini-
tially unsuspected finding, however, data and a detailed
description can be found regarding the green telomeric
probe part [11]. The explanation of the amplification
was that these probes contain a sequence encompassing
the SAS and CDK4 genes and these segments of chromo-
some 12 are frequently amplified in a variety of human
sarcomas [12–14].

Explanations for the atypical FUS patterns (the
telomeric green-labelled part of the probe was exclusively
present as extra signal or signals) found in 66.7% of low-
grade fibromyxoid sarcomas are the already discovered
supernumerary ring chromosomes harboring the FUS-
CREB3L2 fusion gene. Studies with FISH and RT-PCR
verified that the ring contained material from chromosome
7 and 16 and, in addition, that the FUS gene was present
in two rearranged copies and that is expressed by the
abovementioned fusion [15, 16].

The EWSR1 gene, concerning genetic rearrangements,
mostly represents balanced translocations with several
distinct partners in a broad variety of mesenchymal le-
sions [17]. Our results with low percentages (3.2% in
Ewing sarcoma and 8.3% in clear cell sarcoma) of unusu-
al break-apart patterns for EWSR1 also support the previ-
ous fact. However, a Ewing sarcoma harboring complex
rearrangement and amplification of the proximal EWSR1
region was described by Szuhai et al. [18]. While
Jinawath et al. demonstrated a Ewing sarcoma with a nor-
mal signal on both apparently normal chromosomes 22,
and an additional EWSR1–5′ signal on the derivative chro-
mosome 21 using metaphase fluorescence in situ hybrid-
ization and EWSR1 break-apart probe [17]. Furthermore,
the presence of EWSR1 related pseudogenes identified on
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chromosomes 1 (annotation NC_000001.10) and 14 (an-
notation NC_000014.8) put forth the proposal of extra
caution in the interpretation of the results of the molecular
techniques [5].

The previously observed amplification of chromosome
regions and the formation of the ring chromosome are
similar to the ones described in dermatofibrosarcoma
protuberans which involve COL1A1 and PDGFB on chro-
mosome 17q21.31 ~ q22 and 22q12.3 ~ 13.1, respectively
[19]. Our result confirms the demonstrability of the un-
balanced translocation as atypical break-apart patterns in
dermatofibrosarcoma protuberanses.

FISH studies about atypical break-apart USP6 rearrange-
ments in nodular fasciitis were not found in the literature.
Chen et al. investigated altogether 29 nodular fasciitis using
FISH and RT-PCR, finally 83% of the cases were considered
as positive for USP6 gene rearrangement, however only one
tumor displayed USP6 deletion [20]. Geiersbach et al. were
the first to report a primary aneurysmal bone cyst with rear-
rangements of both USP6 and SS18 [21]. While the USP6
showed a typical break-apart pattern, SS18 rearrangement by
FISH resulted from a complex rearrangement of 18q11.2 with
a deletion of the SS18 gene. Since evidence of SS18-SSX fusion
was not verified by RT-PCR, the diagnostic relevance of the
discovered rearrangement was also not found accordingly [21].

Conclusions

Although the interpretation problems in the process to evalu-
ate the break-apart probe results is well known from sporadic
case reports, a systemic overview to detect their frequency has
not been performed so far. In our work, we highlighted the
relative frequency of this problem and pinpointed those
signal-patterns which, despite their unusual appearance, can
still confirm the diagnosis.
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