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Isolation and characterization of the mouse homolog of SYT, a gene
implicated in the development of human synovial sarcomas

DRH de Bruyn'!, E Baats', U Zechner?, B de Leeuw!, M Balemans', D Olde Weghuis', U Hirning-

Folz?> and A Geurts van Kessel!

'Department of Human Genetics, University Hospital Nijmegen, The Netherlands; °Department of Medical Genetics, University of

Ulm, Germany

In a previous study we reported the isolation of the
human synovial sarcoma-associated t(X;18) breakpoint.
As a result of this translocation, the SYT gene on
chromosome 18 fuses to either the SSXI or the SSX2
gene on the X chromosome, depending on the exact
location of the breakpoint within band Xp11.2. As yet,
little 1s known about the modes of action of the SYT and
SSX genes and their respective (fusion) products. Here
we report the isolation of the mouse homolog of SYT, its
full length cDNA sequence, its chromosomal localization,
and its spatio-temporal expression patterns in adult and
embryonic tissues. The SYT gene was found to be well
conserved during evolution and is part of a region of
synteny between the human and mouse chromosomes 18.
In early embryogenesis, Syt is ubiquitously expressed. In
later stages, the expression becomes confined to cartilage
tissues, specific neuronal cells and some epithelial derived
tissues. In mature testis, expression was specifically
observed in primary spermatocytes.

Keywords: synovial sarcoma; mouse Syt gene/SH2-;
SH3-binding domains; annexin-like repeats; chromo-
some 18

Synovial sarcoma 15 a soft tissue tumor mainly
occurring in the extremities of children and young
adults. At the cytogenetic level a characteristic
t(X;18)(p11.2;q11.2) has been observed, sometimes as
the sole cytogenetic anomaly. It has been assumed that
this chromosomal anomaly represents the key mole-
cular event in the pathogenesis of these tumors (Turc-
Carel et al., 1987). We and others found that in
different t(X;18)-bearing tumors the breakpoints may
occur at two distinct sites within band Xpll.2 (de
Leeuw et al., 1993b; Shipley et al., 1994). Interestingly,
we noted that the occurrence of these different
breakpoints correlates with the histologic phenotype
displayed by the tumors, i.e., biphasic vs monophasic,
respectively (de Leeuw et al., 1993b; Olde Weghuis et
al., 1994; Janz et al., 1995). Recently, the t(X;18)
chromosomal breakpoint could be isolated (de Leeuw
et al., 1993a; 1994a,b). Subsequently, a chimaeric
(X;18) cDNA clone was 1solated (Clark et al., 1994),
and the contributing génes were referred to as SYT
(chromosome 18) and SSX (X chromosome). In
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accordance with the observed differences in X
chromosomal breakpoints, {wo alternative fusion
genes, SYT-SSXI and SYT-SSX2, were defined (de
Leeuw et al., 1995; Crew et al., 1995). In the SSX gene
products, Kriippel-associated boxes (KRABs) could be
identified (Crew et al., 1995). KRABs are often found
in transcriptional regulators which resemble the
Drosophila Kriippel gene product (Licht er al., 1993;
Witzgal ef al., 1994). The amino acid sequence ol the
human SYT gene 1s rich in giutamine, proline and
glycine (16.2%, 16.2% and 14.7%, respectively).
Within the C-terminal part three putative Src
Homology (SH) binding domains could be distin-
guished (Clark et al., 1994). The presence of these
putative SH binding domains suggests that SYT 1s
involved 1n cellular signal transduction pathways
(Schlessinger, 1994). |

Based on the assumption that conservation between
the mouse homolog and human SYT would be
maximal within the open reading frame, two human
cDNA-derived primers (SYT-UP 5-GAAACAT-
GTCTGTGGCGTTC-Y and SYT-REV 5'-
TGGTAAGCGTCTTGCTGTTG-3; de Leeuw et al.,
1995) were selected and applied to a low stringency
reverse transcription polymerase chain reaction (RT -
PCR) on RNA extracted from mouse fetal brain tissue.
Several fragments could be amplified, one of which was
used as a probe to screen a mouse fetal brain ¢cDNA
library in lambda ZAP (Stratagene), applying standard
procedures as described before (de Leeuw et al., 1993b;
de Bruijn et al., 1994). One positive clone, with an
msert of approximately 3.1 Kilobases (kb), appeared to
contain a full length mouse Syt cDNA. This fragment
was subcloned and completely sequenced (Figure 1).
The total length of this mouse Syt cDNA clone exceeds
the one published for human SY7T (Clark et al., 1994),
which can be attributed to a few distinct differences.
Firstly, both the 5 and the 3’ untranslated regions of
mouse Syt are longer than those of human SYT and,
secondly, in the open reading frame from position 1059
(in the mouse sequence; Figure 1) an addition of 93
basepairs 1s found. This insertion does not disturb the
open reading frame nor does it have any overt eflect on
the overall amino acid constitution of the predicted
mouse Syt protein. The sequence of this insert suggests
that 1t 1s an extra exon spliced into this cDNA, since
the ends resemble exon donor and acceptor sites. The
homology between mouse and human sequences was
found to be high, 90% identity at the DNA level in the
open reading frame and 95% identity at the amino acid
level, excluding the aforementioned insert. Comparison
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FCTTOOTLOG AGUTOOGEHET CAGCGTTAAG GCCAAGCCHG CCAGCGAGETO ACGCGOCCCG COACGCATCCT CCCCCCACCE COCGCCCTAR GOTGGAACTGE '™
COCGOAGCOG GOOGTOORGGE CUCCAGCTOC GUAGOLCUTE GAGCECTCGE GACTUGCTGA TCGCGEECTT GGCEGAAACA TETCTCTGGC GTTCCCATCC
M S VA oA A
COGRGGCAGE GOOOCAAGOE COAMNTCACS COCHCCOCCA TCCAGAACAT GUICOGATGAA AACAACCATC TTATTCAGTE TATAATGGAC TATCAGAACA P
R RO KOG 1 T oA A T Q K M L D K NN H LI 9 C T M D Y 0 N L
AAGOCAAGOT CTUGLAGTOC TCGCAGTATC AGCAGATATT GUATACAAAD CTOUTATACE TTOCTACAAT AGCAGACTCT AATCAAAATA TGCAGTOTCT **°
L0 KA 5B C 8 0O Y O 0 I L H T N L, Vv ¥ L, A T T A D S5 MO N M Q0 5 L.,
CTTACCAGCA COGCCCADAD AGACTATCCC AATGGGTCCT GGAGCOATOA GTCAGACTGG CUCTCCACCC CCTCCCOGCT CICACAACAT GCCTTCAGAT M
L POA Bop T 9 T ™M b 8 &G F G G M s 0O 5 ¢ P P B PP R 5 H N M PSS D g
U ANTCOTUC OTOOOCHOCC PCCTHCACCA CACATGCCACA ACCAGATGAA CGGCCAGATS COTGOOCCTA ACCATATGCC AATHCAGOCA COTOGACCCA 9P
oMV G o ¢ P P A P H M O M OO M N G 0O M P G P MOH M D MO G PG P,
CTCASCTORG CATGACAAAL AGCTCOCATOA ATATCCCITC ALGTAACCAT GOGOTCCATGG GAGGTTACAA CCAUTCTGTG COOGTCATCCC AGAGCATGCC '
S 0 L8 M 7T H 5 5 M NOM PS5 § N U G 8 M G G Y M H 8 v P8 5 QO S M P .,
COPCUAGAAT CAGATCACAA TCOAGTCAGES GUAGCCAANTG CCGAAACTATC CTCCCAGACC AAACAKTGAAT ATGCAACCAA ATTAAGGGCC GATGATGCAC P
AT T o M 7T M 5 O G O P M G N Y G P R D N M N M QB MO G P MM H L
CAGCACCORE CPTOTCAGCA GTACAANTANTG CCACCTOCAD GOOCACAGCA TTACCAACGGA CAGCAGGOSE CCATGRGGCT GATGCGOCCAA GTTAACCAAG "
QO Q P S O R Y MM PP G G A Q H Y QG Q O A veooMoG0 L MO0 vV N Qs
GOAGTCADAT GATGGLOCAL CORCACATOC CTCOCTACAG ACCTUCOCAARA CAGGLOLCAC CACAGCAGTA UTCAGGUUAL CAAGACTATT ATGUGGGACCA H°
G5 M MG Q RO M »P B ¥ R P P o G P PO g Y 5 ¢ Q E D Y Y G D9 L,
ATACAGTONT OOTGOACANS OTCOTOCAGA AGGUATGAAC CRGCANTATT ACCCOTGALGO TCATAATCAT TACOCTTATL ACCAACCGTC GTATCCTGAA 07
Y o8 M G G G GG 0P B OE G M M O 0y Y BD G H N D ¥ oo O g B S Yy P L,
CAAGGOTACS ATAGGCCTTA TOAGGATTCC TCACAACATT ACTACGAAGEH ACCAAACTCC CAGTATGGCC AACAGUAACA CGCTTACCAG GGACCACCTC MY
0 O Y D R P Y ED 5 g O H Y ¥ WG oM 5 o Y O 9 0O O b nooY 0 G P P .
CACAGCOANDC ATACCCOACCC CAGCAGCAGE AGTACCOGGE ACAGCAGGOA TACCUAGHUGC AGCAGCAGAD CTATGOTCCT TOGCAGGOCE GrCCaaao 1o
PO QO G y PP SIS Y. oY PG g0 G v PO O 0O Q95 Y P 5 00 G PGP
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TOAGTATCC T ANFIATCOTCO ACCOTCAAGS TCAACAGTAT GOOCGOHCTATA CACCAACATA GCCAGGACCA CCCUAGCCAC CCCAGCAGAG GOCTTATGGE Y90
0 Y _ P M X P 2 O Qg G o O v G G Y RP_T O PG BB 9 P P Q Q R L A SR
TACGACCALG GACAGTATESE ARATTACUAG CAGTGAAAAT GTCCTTACAT POCARTAGUC AGTACCTATT AGCAGCCALE TTCTCACAGS ACTGCACCHT o

Y D00 g 0 0Y O MY Q Q% i
GOACACCCOD CTOOCAAGAD PCOTICCNTT CCAGCPAGOT TTOTOGGGAAN ADCTTTCOOT AAVIGGOETOD TICOACAGOA AGTAGOTGTT ATGGUITAGT ‘&0
TTGTAAAGGD TTCHTAGATA CCAATGCACS TOGANTTTCACG TTTCLACTOT AGATHGCAAC ATTOGACAGA AAATHCATTC ACOGTOAGGAD TTTGCAGCGE
TUPCAGAACT CTGCPECAAA TCOGACPTOACA CAGCCTUOAAN GOTGTGACCA GOTOGGGTETE TETTCGCOGA COTTCAGEGE QTTTOATACT TCTCCACCON 18
TTATTTIGTT AGGCHAASGS GGAAATGTAC ACTTTOTACKA GCAGCAATAT TTGUGUCTATT ATGTTIATTIL CACGTOATAD ATATGCARAG CCOTACACTA 0
CACACTGOOD AGGAATCAGA ACCCTOTTAA TOTGGAGTOT GOTACATCOT CCETCOCTOTG GTGOTCTGAR CGACAGGUGAG GGGAGGCAGA ACCOACCACA fhee
GGCCCOCTOT "MAGTTCTTAG AGGAAACTCC TOTCTCTCTT ATCTACCACA TTACCAAIDO CEOTOTONTA CAGLPTTETG AGTACAAAGA CATTTTITTAA H1Y7
ALDAGCCTTCE AGTTTTSTGE ATTAMACCT TTITGTAAAT ATGGTTTATA ATACTOTUPT CAAACCGCARG CCAATAATTA TOTTGCATCT GTOAACTTTE ¢
GCAGETTTOT GTAAAAGBAG COAAGCCTOT CTTAAAACAG CAATAACAGA AAAGGAGOARA GCGOGATGECT TTTACCDPTOT CTTOTAATCA GCOGAGCTOTLTC v
ACCACGTCAG AGAGGAGGCA GCATTGGTCT CACCTTACTG TTTTTTACAT TACCATCATT GGTTCATGHA GCAGGGAGGA GTCUACGAGA CTTCACACGC %
TTGTGCTTTA ACTTTCTTAA CTUGGECACAN GCAAAGGOCE COomrcoTo™TT COTOTCTPTOA TCTTAGCTTAA TOCGOGAGHA AANTCOTTTG NIGOGOCNTT "
CTCATTCOCA CICAAAGCOS AGBAGOTGACA TIMTACGETTT TCMPGTTITT AAGCACGACA TACTTAATCA TTATTTOMA CTOGATTATTT TAGOTAADAT 40
PGOOGATATE CCATOGGOGCA AGAAAACATG TACTGAGAGA TTTCTAAACA CANTCTATTTA AGCUATACTIT AAAAATATCOT AGCCCAMLGE ‘PAACTLOCREG 79
TATCCTCACA CUTGTCTGCA TCCAGCUAAT ATUGACTGAAT ATAACATATC TTTGTAATTG ANTTAGTTTG TGCCACTTCT RACTGARAAC AGAACAGAAG %
GAGTGCCATA AATCCAAAGA ACCAANOTOT ACTOTTOTOA ACATACTGTA NICAGAGGAG GOOTTTCAAT GIGTCTGOAT CAGAGTOUGT GUGTMUaAGs
TCAGAGTATA GGOTGTTCTT CAACTTAGAC ACTAGAAAAT ACOCATCAAD 'TCTCAALCOC TGAGGCOTOS ACAGCCTTCT TOTOGACTOHAG NCGOTCGTAN U
GETCTGTGCC AGERITCTCCA CCACTOTOTA CTTTATTCCT ATTTAAAACT GTATCAACTC TAACCGAAMAGA ATAAATTATT TCGTOATITTA AALAAAAAAAR PH0C
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Figure I Nucleotide sequence of the mouse Syt ¢cDNA and the derived amino acid sequence with start- and stopcodons printed in
bold, Two putative poly-adenylation signals at positions 3041 and 3070 are also printed in bold. The arrows indicate two imperfect
direct repeats, which resemble repeats Tound in annexin-like proteins. Two putative SH2- and one putative SH3-binding domain
starting at umiQQ acids 376, 413 and 392, respectively, are underlined. Nucleotides were analysed on an awtomated DNA sequencer
(ABL 373A) using the Tag Dye Deoxy Terminator Cycle Sequencing kit (Applied Biosystems). The sequence accession number for
this CcDNA 15 X93357
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185 —> 4wt st Figure 2 Muluple tissue Northern blot, hybridized with  the
Sl S wouse Svr el " " ‘
g mouse Syr ¢cDNA (a). Stronger signals can be observed in the

lanes contaming heart, kKidney and testis RNA. As an indication
for the total amount of RNA loaded, (b) shows the corresponding
ribosomal 185 band. stained with Ethidium Bromide, Probe
labeling and  hybridization  procedures were  carried outl a8
deseribed before (de Bruijn er al., 1994)
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ol the human and mouse ¢cDNA sequences shows thit
the start codon suggested for the human SY7T gene
Clark er al., 1994) exactly coincides with the first ATG
present tn mouse Syr at position 179 (Figure 1).
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Further confirmation that this 1s the actual translation
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Mouse homolog of synovial sarcoma-associated SY7T gene
DRH de Brumn et af

T T 645
irliation site comes from the observation that the
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homology between mouse and human Syr ¢cDNA drops
0 about 70% belore this ATG. Computer analysis of
he total mouse ¢cDNA insert using the TESTCODE
prograin shows that triplets in the open reading frame

Figure 3 Sagittal sections through a day 12.5 p.e. (a and b) and a day 145 p.c. (¢ and d) mouse embryo hybridized with a Sy
RNA probe. Left brightfield and right darkfield tlumination. At 12.5 d.p.c. expression can be observed in Meckels® cartilage (Mc),
vectebread bodies (vb), spinal root ganglia (sgr). the cpendymal lining ol the ventricles (el) und the mantle fayer of the central nervous
systern (ma), with clear absence of signal in the marginal layer (mb). At 14.5 d.p.c. expression can be obscrved in the ribs (r),
offactory epithelium (ole), turbinate bone (tb), tooth bud (to} and the petrous part of the temporal bone (ptb). Lxpression continues

in Mcckels® cartilage and the ependymal lining of the ventricles. Bai
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data not shown). This non-randomness can  be
attributed to the presence of an expressed sequence
Fickett er al., 1982). Analysis of the amino acid

sequence shows that many ol the features described for
human Syr can also be found 1 the mouse homolog.
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Mouse homolog of synovial sarcoma-associated 5Y7T gene
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taken from an 80 day old adult mouse hybridized with a Syr RNA probe. Left brightfield and

rght darkbeld illumimation. Control hybndizations were performed with @ sense riboprobe (¢ and ). {¢ and )} show higher
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In accordance with the abovementioned Northern
blot analyses, higher levels of expression were observed
i adult mouse testis and kidney. In kidney, an overal

elevated level without any specification to certain

an 80 days old mouse, expression s promunent n
ertaimn tubult semuntfert (Figure 5b). At enhancec
magnification 1t 15 evident that expression 1s founc
only tn primary spermatocytes which pass through the
ate prophase stages of the first metotic division. In
10se tubull with an elevated level of expression, a
higher proportion of cells 1s representec by PrImMary
spermatocyles. According to the spermiogenic stages as

defined by Oakberg (1956) expression 1is highest in
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broad layer of primary spermatocytes passes [rom
pachytene to diplotene. Sys expression appears to be
confined to these cells (Figure 5I).

To elucidate the genomic structure and to facilitate
the chromosomal localization of the mouse Sy gene,
we screened a mouse genomic library in EMBL3 using
the total mouse Syt cDNA as a probe. Several
overlapping phages were recovered and a preliminary
itron-exon map of the gene was constructed. Partial
sequence analysis of these phages confirmed the actual
presence of the mouse Syr gene. The chromosomal
localization of the gene was determuned by fluorescence
in situ hybridization (FISH) using one of the Syt-
positive phages as a probe, essentially as described by
de Leeuw ef al. (1993a). In total, 30 mouse metaphase
spreads were analysed and, 1n all cases, positive signals
were observed on chromosome 18, region B1, mostly
on both homologs (not shown). No specific signal was
observed on any of the other mouse chromosomes.
This observation 1s in full agreement with previous
findings indicating that the mouse genomic region

“harboring the Syt gene (18B1) 1s syntenic with human

chromosome 18, region qll-ql2, also harboring the
SYT gene (Overhauser et al., 1995).
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