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Abstract

Low-grade fibromyxoid sarcoma (LGFMS) is a rare, low-grade malignant soft tissue tumor
that is often mistaken for either benign or more malignant tumor types. Commonly, this tumor
affects young adults and typically arises in the deep proximal extremities or trunk with
frequent recurrences and can metastasize to the lungs many years later. Most cases have a
recurrent balanced translocation involving chromosomes 7 and 16, t(7;16)(q32-34;p11),
which leads to the fusion of the FUS and CREB3L2 genes. However, supernumerary ring
chromosomes have been identified in a subset of FUS/CREB3L2-positive LGFMS, but it has
not yet been formally demonstrated that such ring chromosomes harbor the FUS/CREB3L2
fusion gene. Here, we report the genetic findings of a supernumerary ring chromosome from
an LGFMS from a 77-year-old man. Chromosome banding analysis revealed a supernumerary
ring chromosome, and further studies with fluorescence in situ hybridization and RT-PCR
showed that the ring contained material from chromosomes 7 and 16, that the FUS gene was
present in two normal copies and one rearranged copy, and that it expressed the
FUS/CREB3L2 fusion gene. Moreover, a comparison of previously reported cases suggests
that tumors with ring chromosomes have a higher risk of relapse compared to tumors with a
balanced t(7;16).



1. Introduction

Low-grade fibromyxoid sarcoma (LGFMS) is a rare, low-grade malignant tumor that
typically occurs in the proximal extremities and the trunk of children and young adults. The
tumor was first described by Evans, who emphasized its deceptively benign appearance [1].
Metastasis is unusual but may occur many years after the diagnosis of the primary tumor. A
recurrent balanced translocation between chromosomes 7 and 16 has been identified and is
present in most LGFMS cases, indicating that this translocation is important for the
development of LGFMS [2]. The translocation t(7;16)(q32-34;p11) has been shown to lead to
the expression of the fusion gene FUS/CREB3L2 [2-5]. However, in five of 18 reported cases
including LGFMS that were FUS/CREB3L2-positive, a supernumerary ring chromosome was
found, without any sign of a t(7;16). Here, we describe the molecular cytogenetic and
molecular genetic findings in an LGFMS with a supernumerary ring chromosome and

compare previously published tumors with translocation with tumors with ring chromosomes.

2. Materials and methods
2.1. Case report

The patient, a 77-year-old male, presented with a 5 cm tumor in the upper right lung lobe. No
other tumor sites were found. The tumor was surgically removed with radical margins. The
tumor morphology was consistent with LGFMS, specifically the subtype known as
hyalinizing spindle cell tumor with giant rosettes. The tumor was strikingly hyper cellular
with a mitotic count of 3 per 10 high power fields. No atypical mitoses were seen, and there
was no necrosis. Immunohistochemistry showed positive staining for bcl2 and patchy
positivity for the epithelial membrane-associated antigen (EMA). The tumor cells were
negative for CD31, CD34, S-100, cytokeratin CKAE1/3, desmin and smooth muscle actin.

2.2. Cytogenetic and FISH analyses

Culturing and harvesting of the tumor cells and chromosome banding of metaphase spreads
was performed as described [6]. Karyotypes were described according to ISCN (2009).
Metaphase FISH to determine the chromosomal origin of the ring chromosomes was done
using whole chromosome painting probes (wcp 7 and wcp 16; Applied Spectral Imaging,
Migdal Haemek, Israel) and a dual-color break-apart probe for FUS (Abbott Molecular, Des

Plaines, USA). Slides were prepared and analyzed as previously described [7].



2.3. Molecular analyses

Total RNA from fresh frozen tumor biopsy kept at -80 °C was extracted using the RNeasy
Lipid Tissue Mini kit according to the manufacturer’s recommendations (Qiagen, Hilden,
Germany). Two and a half microgram of total RNA were reverse transcribed in a volume of
50 pl for cDNA synthesis, as described previously [8]. RT-PCR and sequencing were
performed to detect and study the FUS/CREB3L2 transcript. The PCR reaction was performed
as described [8]. The PCR products were analyzed on a 2% agarose gel. Forward primer TLS-
165F and reverse primer BBF2H7-1435R [4] were used as well as forward primer FUS-797F
(5’CTATGA ACC CAG AGG TCG TG) and reverse primer CREB3L2-1201R (5’GAT CAG
GGT CCT CTT CTC CT). All transcripts identified were verified by sequencing, and the
corresponding nucleotide sequences were analyzed using the Chromas software
(http://www.technelysium.com.au/chromas.html). The origin of the sequences was verified by
BLAST search (http://www.ncbi.nlm.nih.gov/blast). As reference, the sequences with
accession numbers NM_004960 (FUS) and NM_194071 (CREB3L2) were used.

3. Results

3.1. Chromosome banding and FISH

G-banding revealed the karyotype 48,XY,+r,+mar[22]/48,XY,+2r[2] (Fig. 1A). FISH showed
that the supernumerary ring chromosomes mainly consisted of material from chromosome 7,
and a smaller piece of chromosome 16 (Fig. 1B). Metaphase FISH with the FUS-specific
break-apart probe showed normal signals on the two chromosomes 16 and two normal signals

and one rearranged signal on the supernumerary ring chromosome (Fig. 1C).

3.2. RT-PCR and sequencing

A 1076 bp fragment and a 215 bp fragment were found with RT-PCR using primer
combinations TLS-165F with BBF2H7-1435R and FUS-797F with CREB3L2-1201R,
respectively. Sequencing showed that the 1076 bp fragment was an out-of-frame fusion
transcript while the 215 bp was an in frame fusion transcript. The breakpoint occurred in FUS
exon 7, position 852 (NM_004960), in both transcripts. The breakpoint in CREB3L2 occurred
in exon 5, position 1047, in the out-of-frame transcript (data not shown) and in exon 5,
position 1042 (NM_194071), in the in frame transcript (Fig. 1 D). A point mutation,
exchanging a cytosine for an adenine was found at position 848 in FUS exon 7 in both

transcripts, giving rise to a silent mutation in both transcripts.



4. Discussion

Excluding the present case, only 18 cases of LGFMS with abnormal karyotypes have been
reported previously, 12 of which had the t(7;16), or variants thereof [2, 4, 5, 9-12]. In the six
other tumors, no rearrangement of either chromosome 7 or chromosome 16 was found. Five
of these, however, had a supernumerary ring chromosome [4, 10]. Mezzelani [10] showed by
metaphase CGH that one case with such a ring chromosome displayed gain of material from
7pl4-pter, 7931-33 and 16p, and concluded that the gained segments most likely
corresponded to the supernumerary ring chromosome. Further indirect support for the
hypothesis that ring chromosomes in LGFMS are composed of material from chromosomes 7
and 16, and that they contain the FUS/CREB3L2 fusion, came from the finding of fusion gene
transcripts in cases with ring chromosomes as the sole aberration [4]. Here, by combining
chromosome banding analysis, FISH and RT-PCR, we could conclusively show that the
FUS/CREB3L2 fusion gene can be present in ring chromosomes in LGFMS.

We found two different fusion transcripts in the present LGFMS; one in-frame fusion
transcript joining parts of the FUS exon 7 and the CREB3L2 exon 5, and one out-of-frame
transcript that is predicted to result in the expression of a truncated FUS protein. Different
fusion transcripts have been reported before in LGFMS, and it was suggested that this might
be due to clonal evolution [2, 13]. The FISH findings in our case, i.e. that several copies of
FUS were present in the ring chromosome, suggest that the origin of different transcripts
might also be due to two or more different fusion events, or, reorganization of the ring

through break-fusion-bridge.

Gene fusions, in leukemias and lymphomas as well as in solid tumors, typically arise through
balanced translocations. In some bone and soft tissue tumors, however, the fusion is
associated with concomitant imbalances, especially amplifications. For example,
dermatofibrosarcoma protuberans is characterized by a COL1A1/PDGFB fusion gene.
Occassionally, especially in children and young adults, the fusion is due to a reciprocal
t(17;22), but more often, the fusion gene is found in supernumerary ring chromosomes
containing material from chromosomes 17 and 22 [14]. Another example is alveolar
rhabdomyosarcoma (ARMS) with the PAX7/FOXOL1 fusion. This fusion is sometimes caused
by a reciprocal t(1;13), but it is also found to be amplified in the form of double minutes. This



is in contrast to the other characteristic gene fusion in ARMS, PAX3/FOXO1, which almost
exclusively is the result of a t(2;13). This suggests that the transforming capacity of
PAX7/FOXOL1 is copy number-dependent and thus weaker, than that of PAX3/FOXOL1 [14-
17].

Whether the FUS/CREB3L2 fusion gene, resulting from the t(7;16), is sufficient for the
development of LGFMS is not known, but the fact that there are more cases with a balanced
t(7;16) than with supernumerary ring chromosomes strongly indicates that amplification of
the fusion gene and/or other parts of chromosomes 7 and 16 is not necessary for tumor
formation. This does not exclude the possibility that ring formation might have an additional
effect on the tumor phenotype. When comparing all reported LGFMS with t(7;16) with those
with ring chromosomes, we could not find any significant differences with regards to gender,
age, location, size or depth. However, tumor relapse was more common among cases with
ring chromosomes than among cases with t(7;16): out of five cases with ring chromosomes,
two metastasized and one recurred locally, whereas none of the 12 tumors with t(7;16)
relapsed (p<0.05; Fisher’s exact test). For two reasons, we did not include the present case in
this comparison. First, the follow-up time was very short and, second, the location of the
tumor, i.e., in the lungs, raises the question of whether the tumor was a metastasis and not a
primary tumor. Careful clinical examination has, however, not revealed any additional tumor
site, indicating that it may be a rare case of primary pulmonary LGFMS. Nevertheless, the
preliminary data reported here, based on small patient numbers with short follow-up periods,
indicate that it might be of clinical interest to characterize LGFMS not only with regard to
type of fusion gene, but also with regard to the absence/presence of ring chromosomes or

other accompanying genomic imbalances.
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Fig 1 A) Partial karyotype visualizing the supernumerary ring chromosomes. B) Metaphase
FISH, with wep 7 (red) and wep 16 (blue) showing that the supernumerary ring
chromosomes consisted of material from chromosomes 7 and 16 (arrow). C)
Metaphase FISH with dual-color break-apart probe for FUS. Normal signals are seen
on the two chromosomes 16. On the supernumerary ring chromosome two normal
signals and one rearranged signal for FUS were seen. Note the single red signal
indicating a rearrangement of FUS. In the upper right corner an enlargement of the
ring chromosome is made to better visualize the rearrangement (arrow). D) Partial
chromatogram showing the junction (arrow) of the FUS/CREB3L2 in frame fusion
transcript. C indicates the substitution mutation, replacing a cytosine (C) for an
adenine (A) in position 848 in FUS exon 7. The predicted amino acid sequence is

indicated below.
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