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Abstract and EMC (12).TAF2Nencodes a ubiquitously expressed protein that
contains a putative RNA-binding RNP-1 motif and a possible DNA-
binding zinc finger motif (8, 9, 10, 13). The gene has provisionally
been localized to chromosome 17q11.2—q12 (9).

Extraskeletal myxoid chondrosarcomas (EMCs) are characterized by a
recurrent t(9;22)(g22;912) translocation, resulting in the fusion of the

EWSgene in 22q12 and the’EC gene in 99g22. Here we report that a third .
member of the EWS, TLS/FUS gene family, TAF2N, can replace EWS Here we report that AF2N can replac&EWSas a fusion partner to

as a fusion partner to TEC in EMC. Two tumors, one with a novel 1ECIN EMC. Two tumors, one with a novel {(9;17)(q22;q11) variant
1(9;17)(q22:q11) variant translocation and one with an apparently normal ~ translocation and one with an apparently normal karyotype, expressed
karyotype, expressedTAF2N-TEC fusion transcripts. In both cases, the TAF2N-TECfusion transcripts. Nucleotide sequence analysis revealed
chimeric transcripts were shown to contain exon 6 offAF2N fused to the  a fusion of TAF2Nexon 6 to the entire coding region ®ECin both

entire coding region of TEC. This transcript is structurally and function-  tumors. These findings demonstrate thAF2N-TECgene fusions are

ally very similar to the EWS-TEC fusions. The exchange of the EWS recurrent in EMC and that they occur not only in tumors with the

NH_-terminal part with the TAF2N NH -terminal part in EMC further  t(9:17) variant translocation but also in tumors with an apparently
underscores the oncogenic potential of these protein domains as partners normal karyotype

in fusion genes.
. Materials and Methods
Introduction
3. o . . Tumor Material and Cytogenetic Analysis. Fresh tumor tissue was ob-

EMC” is a distinctive soft tissue sarcoma closely resembling €Myneq from two patients with EMC (one locally recurrent tumor and two
bryonic cartilage (1). Recent studies have shown that it has a uniGH&astatic tumors). One of the patients (case CG801) was a 72-year-old man
but more aggressive clinical course than originally described, charagmo had a 10-cm locally recurrent EMC of the right thigh 3 years after removal
terized by a high rate of local recurrences, metastases, and tunwdthe primary tumor. The other patient (case CG923I and Il) was a 47-year-old
related deaths, despite prolonged survival (2). Cytogenetically, EM@sn who had two retroperitoneal metastases, 4 and 10 cm in size, removed 3
have been found to have a unique t(9;22)(q22;q12) translocati®anths after excision of the primary tumor in the right thigh. All primary,
detectable in approximately 75% of studied cases (3, 4). The trandRs2lly recurrent, and metastatic tumors from these two patients had typical
cation results in a fusion of tlEWSgene at 22g12 to th6EC/CHN Ilght microscopic, |mmunoh|stochem!cal, and uItrastructuraI features_of EMC
gene at 9922 (5, 6). The deduced chimeric protein consists of 9. 1). Primary cultures were established from fresh, unfixed tumor tissues as

. L . . . escribed previously (4). Chromosome preparations were made from expo-
NH_-terminal transactivation domain of EWS linked to the entire TE entially growing primary cultures, and these were subsequently G-banded and

_prOte'_n'EWS’ which V\_’as originally identified as the gene re_arrang%qalyzed according to the 1995 guidelines of the International System for
in Ewing's sarcoma with t(11;22)(q24;912), encodes a putative RNAyman Cytogenetic Nomenclature.

binding protein (7), andECencodes a novel orphan nuclear receptor Isolation of PAC Clones and FISH Analysis. Three PAC clones specific
belonging to the steroid/thyroid receptor gene superfamily (5, 6). Tviar TAF2N(9B20, 183K 14, and 187P15) were obtained by screening a human
major types ofEWS-TECfusion transcripts have been identified ingenomic PAC library (Genome Systems, St. Louis, MO) with a 535-bp cDNA
EMC. In the type 1 fusionEWSexon 12 is fused to position2 of the  probe generated by PCR using the primers TAF477U24-GAGCAGTCAAAT-
TECCcDNA, and in the type 2 fusiofEWSexon 7 is linked to position TATGATCAGCAGC and TAF.1012L23-TGGAATTCTTTTCCATCAAA-
—176 of theTEC cDNA (5). CCA. PAC DNA was prepared using the QIAGEN Plasmid Kit (Qiagen) and

The geneTAF2N(also named AF68/RBP56), which shows eXten_subsequently labeled with biotin by nick translation and cohybridized with

. A : digoxigenin-labeleda-satellite probes specific for chromosomes 9 and 17
sive similarities to theeWSand TLS/FUSgenes, was recently iden- (D9Z1 and D17Z1; Oncor) to normal metaphase spreads and metaphases from

tified (8, 9). The two latter genes were originally C|9n¢?d asthpdits  Eyc cG8O1. Whole chromosome painting probes for chromosomes 9 and 17
of translocation-generated fusion genes in Ewing’s sarcomas gQ¢tp 9 and 17; Vysis) were also hybridized to metaphases from tumor
myxoid liposarcomas (7, 10, 11EWSwas subsequently found to becGg8o1. Chromosomes were counterstained wit-diamidino-2-phenylin-
involved in different fusion genes in several tumor types, includindple. Fluorescence signals were digitalized, processed, and analyzed using the
clear cell sarcoma of soft parts, desmoplastic small round cell tumdPewerGene FISH image analysis system (Perceptive Scientific International,
Chester, Great Britain).
Received 7/16/99; accepted 8/27/99. RNA Isolation, RT-PCR, and Nucleotldg Sequenf:e Anglyses‘[otal RNA
The costs of publication of this article were defrayed in part by the payment of pat@S extracted from frozen tumor tissue using the Trizol (Life Technologies, Inc.)
charges. This article must therefore be hereby magidbartisemenin accordance with - method. For cDNA synthesis, jag of total RNA were reverse-transcribed using
18 1UéS-C- Ste:::itlt?nt;ngs‘l S?j'?'%’ éo '“dlcgte Fh'ts ftf:]Ct-l it and Ame Lundberd R the SuperScript Preamplification System according to the manufacturer's manual
upported by the Swedish Cancer Society, the IngaBritt and Arne Lundberg Rese ] ) Rt
Foundation, the Johan Jansson Foundation for Cancer Research, and the Assar Gaz(ilﬁe?g_Tech‘n.ologle.s, Inc.). An aIIqL.Jot of 03@ of the re.sultlljlg first-strand cDNA
son Research Foundation. was amplified using the appropriate primer sets. Thirty-five cycles of PCR (30 s
2To whom requests for reprints should be addressed, at the Lundberg Laboratory&b®6°C, 30 s at 55°C, and 30 s at 72°C) were performed witlulodb cDNA in
Cancer Research, Department of Pathology, Géteborg University, Sahigrenska Universgy, | reaction volumes. The AmpliTaq Gold (Perkin Elmer Applied Biosystems)
Ef’,f]‘;'ﬁ?go?fnﬁgnfni%’;‘ibgﬂgs’eswe"e”' Phone: 46-31-3422922; Fax: 46-31-82093R A yolymerase was used for the amplification reactions. The follo@iE2N:
3The abbreviations used are: EMC, extraskeletal myxoid chondrosarcoma; RT-P@Rd TEGderived primers were useda)( TAF.314U23-TCATATAGCCAG-
reverse transcription-PCR; FISH, fluoresceirsitu hybridization. CAACCATATAA (exon 5); (b) TAF.444U24-CAGGCTATGATCAACAT-

5064

Downloaded from cancerres.aacrjournals.org on May 17, 2021. © 1999 American Association for Cancer Research.


http://cancerres.aacrjournals.org/

TAF2N-TECGENE FUSION IN EMC

Ny q. N ':s'%‘.' fusion genes characterizing the remaining 25% of the cases, we have
o \ ;'k\-‘ 55 & cytogenetically analyzed six new cases of EMC, including a tumor
i ‘.' A "‘; | with a novel t(9;17) variant translocation. The karyotype of this tumor

was 47,XY, +8, t1(9;17)(922;9q11) (Fig. R). FISH analysis using
painting probes confirmed that this was a reciprocal rearrangement
involving only chromosomes 9 and 17 (FigBR The previously
reported similarity between thEAF2N and EWSgenes and the fact
that TAF2N has been provisionally localized to 17g11.2—q12 (8, 9)
prompted us to search for possible involvement AF2NandTECin

the t(9;17) translocation.

To confirm the chromosomal localization @AF2N, we isolated
three genomic PAC clones and mapped these by FISH to normal
metaphase chromosomes. All three clones were localized to 17q11
(Fig. 2C), i.e., to the same band as the breakpoint on 17q in the
t(9;17). We then hybridized PAC clone 9B20, which gave the most
intense signal at the 17g11 locus, to metaphase chromosomes from the
EMCs with the t(9;17). However, there was no visible signal on the
der(9) chromosome in any of the analyzable metaphases, suggesting

mgnat the PAC clone might not span the 17g11 breakpoint or that the
breakpoint maps close to one end of this PAC.

To search for a possibl€AF2N-TECfusion transcript in EMC

CAAGGCT (exon 6); €) TAF.477U24-GAGCAGTCAAATTATGATCAG- CG801, we performed RT-PCR experiments with primers located in
CAGC (exon 6); ) TAF.575U24CGTCGTGATGTGAGTAGGTATGGA exons 5, 6, and 7 aFAF2Nand in the 5tegion of TEC. PCR with the

(exon 7); (e) TEC RevA-CCTGGAGGGGAAGGGCTAT; amg TEC RevC-  TAF2Nprimer 314U23 (located in exon 5) and thEC primer RevA
GGTGGCTGTAGCCGTGATCT. As control for intact RNA and cDNA, angaye rise to an amplification product of 300 bp, indicating the pres-
RT-PCR reaction for expression of the housekeeping géA®DH was

performed on all cDNAs used. PCR products were purified using the QIAquic nee of a chimerid AF2N-TEC transcript (Fig. ). Similarly, am-
PCR Purification Kit (Qiagen) and subsequently sequenced with an AR ifications with theTAF2Nprimers 444U24 and 477U24 (located in

PRISM 377 DNA Sequencer (Perkin Elmer Applied Biosystems) using tifexon 6) and th& ECprimer RevA resulted in products of 170 and 137
BigDye Terminator Cycle Sequencing Ready Reaction Kit (Perkin EIm&P (Fig. 3A), respectively. In contrast, PCR analysis usingAe2N
Applied Biosystems). The resulting sequences were analyzed using Gepémer specific for the first nucleotides of exon 7 (575U24) and the
Jockey (Biosoft) and basic local alignment search tool (BLAST) search@€C primer RevA failed to produce an amplification product. Am-
(National Center for Biotechnology Information). plification using the thre@ AF2Nexon 5 and 6 primers together with
TEC RevC located 113 bp downstream of th&C RevA primer
produced products that were 113 bp larger than those obtained with
Previous cytogenetic and molecular genetic studies have shown fh&C RevA (data not shown). These observations are consistent with
approximately 75% of EMCs have a t(9;22) o=aVS-TECfusion the presence of a chimeric transcript in which exon 6T8F2N is
detectable by RT-PCR (5, 6, 14). To identify novel translocations afused to a position located 2 nucleotides upstream ofTtB€ ATG

cells arranged in nests and cords in an abundant myxoid matrix.

Results and Discussion

A

BBH BR s

Fig. 2. A, partial G-banded karyotype of EMC
CG801 showing trisomy 8 and the t(9;17)(q22;911)
variant translocatiorB, FISH analysis demonstrat-
ing the t(9;17) translocation using painting probes
for chromosomes 9 (green signal) and 17 (red sig-
nal). C, chromosomal localization of th€AF2N
gene. PAC clone 9B20 containing tidF2Ngene
(green signals) was cohybridized witt-satellite
probes specific for chromosome 1 signals).
TAF2N-specific hybridization signals were found
on both chromosomes 17 at a location correspond
ing to band 17qg11.
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(Fig. 3, B and C), GenBank accession number AJ245932. The se-
guence data reveal that tidAF2Nand TEC sequences are linked so
that their normal reading frames are maintained. In analogy with the
EWS-TEC fusion protein, the putative TAF2N-TEC protein is ex-
pected to consist of the first NJ-terminal 159 amino acids of TAF2N,
followed by the entire TEC protein.

The NH,-terminal regions of EWS and TLS were previously found
to be parts of several fusion proteins in a variety of sarcomas (Figs. 3C
and 4) (12), and the extensive similarity between their protein se-
quences and the TAF2N NHerminal suggests an analogous role for
this protein. EWS and TLS fusion partners are invariably DNA-
binding proteins of the transcription factor type. TEC belongs to the

B family of steroid receptors and contains a DNA-binding region but
differs from the other fusion partners by its putative ligand binding
E—___GPESAGW CmgAGgMGMD ;‘chATJS%GTQCAAAACCAGCAGfN e SCCIT[ATSA domain. The NH terminal part of TLS was shown to bind a conserved
‘ * region found in many steroid receptors (15). Binding of the highly
TTCACAAAGGGARAACTACAGCCACCACACACAAGATATGCCCTGCGTCCARGCCCAR homologous NB-terminals of EWS and TAF2N to the TEC protein
S Q RENY S HHTOQDMPUCV QA Q . . . .
or to other steroid receptors is therefore plausible but remains to be
TATAGCCCTTCCCCTCCAGGT TCCAGTTATGCGECGCAGACATACAGCTOGGARTACACC experimentally verified. The NHterminal parts of EWS and TLS and
Y SPSPPGSSYARAZAQTTYSSEJVYT . . .
the homologousDrosophila Cabeza protein are functionally ex-
%%Tﬁmgmgcfmgﬁmﬁmﬁmgmfﬁﬁw changeable in myxoid liposarcomas and in certain experimental trans-
formation assays (16—-18). Recently, it was also shown that the EWS-
pRGRCThCAGeERD TEC fusion protein acts as a strong transcriptional activator (19). The
exchange of the EWS Njterminal part with the TAF2N N
C terminal part in EMC further underscores the oncogenic potential of
DNA- these proteins domains as partners in fusion.
‘;‘:‘é::er t?n:;:; To determine whether thEAF2N-TECgene fusion is recurrent in
region region TEC EMCs, RT-PCR experiments were performed using RNA from five

B | e new EMCs (the cytogenetic findings of these experiments will be

published elsewhere). Amplifications with primers specific for

A TAF2ZN TAF2N exon 6 and the 5honcoding part ofTEC revealed fusion
%l 11 ] I‘_IJII[ == lﬂl—f — transcripts in two separate metastases of EMC from one patient (case
2374 5 6 78910 11 1213 14 15 16 CG923I and I1). In both tumors, products of the same size as those
S.Y,GQrepeats Grich  RNP-1 Cys,[Cys, RGG-repeats found in EMC CG801 were detected (FigAB3 consistent with a
o EWS fusion of exon 6 offAF2Nto 5’ noncoding sequences BECin these
|“ ILI I I % ‘;“ I ];];H—_H tumors also. Preliminary cytogenetic analysis of one of these tumors
1234 5 6 7 8 910 11 12 13 14 15 16 17 has revealed an apparently normal karyotype, suggesting that there
A M A LS may also be cryptid@ AF2N-TECfusions in addition to those caused
I [ [ by the t(9;17)(g22;q11) variant translocations. Cryptic rearrangements
m 1 1 | I T 1T 717 1 resulting in gene fusions have also been recently found in several
23 4 s A g A7A8 g2 B M e other types of neoplasms, including those with apparently normal

karyotypes (20).

Fig. 3. A, detection of chimeri@ AF2N-TECtranscripts by RT-PCR in EMC CG801 The TAF2N-TEC fusion protein is most Iikely encoded by the
and CG923I. Primer sets specific for exonl&ges land5) and exon 6l(anes 2, 3, 6, ; ; B
and7) of TAF2Nand the 5’'noncoding region o EC give rise to products of 300, 170, der(17) chromosome. This presumption is supported by the fact that
and 137 bp, respectively, consistent with a fusion of exon BAF2Nto TEC sequences
2 nucleotides upstream of the ATG initiation codbanes 4and8 are blanks (PCRs with
primers TAF477U24 and TEC Rev A but without cDNA). A 100-bp ladder was used as
a DNA molecular weight markeM). (Amersham Pharmacia Biotecl, nucleotide and
deduced amino acid sequences of parts of TA&2N-TECcDNA fragment amplified TAF2N
using the TAF.477U24 and TEC RevC primer set. The ATG initiation codoRE® is
indicated by arasterisk, and the fusion point is indicated byertical arrow. Primer
sequences arenderlined. C, schematic representation of the TEC, TAF2N, EWS, and
TLS/FUS transcripts. The location of the exons in the three latter are shown. Breakpoints
are indicated byrrowsandarrowheadgmodified from Ref. 13); untranslated regions are
shown inblack.

Extraskeletal myxoid
chondrosarcoma

Clear cell sarcoma

Desmoplastic small
round cell tumor

Ewing sarcoma

start codon. The latter breakpoint corresponds to one of the two EWS

known fusion points inTEC (5). Analysis of control RNA from an
EMC (CG431) with a t(9;22)(g22;912) and a known fusionEdWS
exon 12 to the 5noncoding region of TEC (5) failed to show a
TAF2N-TECfusion transcript. The identity of the putative hybrid
transcripts was also confirmed by nucleotide sequence analysis. A TLSIFUS
252-bp fragment was sequenced using the TAF.477U24 and TEC T—cHOP
RevC primers and was shown to consistTéF2Nexon 6 fused 0 g 4 jnyolvement offTAF2N, EWS, andLS/FUSand different transcription factor
TEC sequences 2 nucleotides upstream of the ATG initiation cod@snes in neoplasia.
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