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Abstract
Synovial sarcoma (SS) is genetically characterized by chromosomal translocation, which generates SYT-SSX fusion transcripts. Although SS can occur in any body part, primary gastric SS is substantially rare. Here we describe a detection of the fusion gene sequence of gastric SS in plasma cell-free DNA (cfDNA). A gastric submucosal tumor was detected in the stomach of a 27-year-old woman and diagnosed as SS. Candidate intronic primers were designed to detect the intronic fusion breakpoint and this fusion sequence was confirmed in intron 10 of SYT and intron 5 of SSX2 by genomic polymerase chain reaction (PCR) and direct sequencing. A locked nucleic acid (LNA) probe specific to the fusion sequence was designed for detecting the fusion sequence in plasma and the fusion sequence was detected in preoperative plasma cfDNA, while not detected in postoperative plasma cfDNA. This technique will be useful for monitoring translocation-derived diseases such as SS.
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Core tip: Synovial sarcoma (SS) is genetically characterized by SYT-SSX fusion transcripts and detection of the fusion gene is necessary for a definitive diagnosis. This study demonstrated the detection of fusion sequence using cfDNA sample. A small gastric SS was detected in the stomach of a 27-year-old woman. Candidate intronic primers were designed and the intronic breakpoint was confirmed by PCR and direct sequencing in frozen tumor sample. A probe specific for fusion sequence was designed and the sequence was detected in preoperative cfDNA and frozen tumor sample. This technique will be useful for monitoring translocation-derived diseases such as SS.
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INTRODUCTION
Synovial sarcoma (SS), an aggressive soft tissue tumor, accounts for 7% of human soft tissue sarcomas[1]. Although SS frequently arises in large joint capsules in the extremities of young adults, it can occur in any body part, including the digestive tract. SS morphology resembles the developing synovial tissue; however, its origin remains unknown.
SS is genetically characterized by the reciprocal chromosomal translocation between X and 18 t (X; 18) (p11.2; q11.2) chromosomes, which generates SYT-SSX fusion transcripts[2,3]. SYT (GenBank accession number NC_000018) is normally expressed in human tissues[4], whereas SSX expression is limited to normal testis and thyroid, and some variants are found in human malignancies[4-7]. The SSX family reportedly comprises nine highly homologous synovial sarcoma X genes (SSX1–9)[5]; however, SSX1 or SSX2 (GenBank accession number (SSX1) or NC_000023) account for > 90% of t (X;18) translocations and SSX4 is involved in few cases[7,8]. The breakpoints are frequently found within intron 10 of the SYT gene and intron 5 of the SSX gene[6-8]. The detection of the SYT-SSX fusion gene generally leads to SS diagnosis. 
In this time, we could preoperatively diagnose with a primary gastric SS patient by reverse transcription polymerase chain reaction (RT-PCR) of biopsy tissue samples. Although some primary gastric SS cases have been reported, their preoperative diagnosis is rare. Its diagnosis is difficult solely on the basis of clinical or pathological findings[9-11]. Circulating nucleic acids were recently found to reflect the occurrence of cancer or monitoring of many diseases. Regarding SS, the production of the fusion gene SYT-SSX is a highly disease-specific alteration, and detecting the fusion gene in the patient’s circulation will represent a less-invasive diagnostic tool for this disease.
In this study, we report a detection of the fusion gene sequence in plasma circulating cfDNA.

CASE REPORT
Materials and methods
Case of primary gastric SS: A gastric ulcerated submucosal tumor was detected in the lower stomach of a 27-year-old woman using upper gastrointestinal endoscopy. Endoscopic ultrasound-guided biopsy was performed, and a spindle cell sarcoma compatible with SS was found in biopsy samples. The SYT-SSX2 fusion gene was detected in tissue RNA of biopsy samples using RT-PCR. Laparoscopic gastrectomy was performed, and the tumor up to 20 mm diameter was pathologically diagnosed with SS. This patient remained disease free during the 6 mo follow-up.
[bookmark: _GoBack]The patient provided informed written consent for specimen collections and biomarker analyses, and the research was conducted with the approval of the ethics committees of the local institution and according to the Helsinki declaration.

Tissue sample collections and tissue DNA and RNA extractions: Tumor tissues and adjacent normal gastric tissues were obtained from operatively resected specimens and stored at -80 °C before DNA and RNA extractions. Total DNA and RNA were extracted from frozen samples using the AllPrep® DNA/RNA/miRNA universal kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. Tissue RNA concentration was determined using a NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific, Waltham, United States), and the tissue DNA concentration was determined using a Qubit 3.0 fluorometer (Thermo Fisher Scientific).

Plasma sample collections and plasma DNA extractions: Seven-milliliter EDTA blood samples were obtained from the patient at three different times: before operation, 1 mo after the operation, and 6 mo after the operation. Blood samples were also obtained from 10 healthy volunteers. The plasma samples were instantly separated from the cellular fraction using a three-spin protocol (1500 rpm for 30 min, 3000 rpm for 5 min, and 4500 rpm for 5 min) and stored at -80 °C. 
Circulating cell-free DNA (cfDNA) was isolated from 2 mL of each plasma sample using the QIAamp Circulating Nucleic Acid kit (Qiagen) according to the manufacturer’s instructions, and the cfDNA concentration was determined using the Qubit 3.0 fluorometer.

Protocols for RT-PCR and genomic PCR of tissue samples: Reverse transcribed reactions were performed with 400 ng tissue RNA in a 20 µL reaction volume using the high-capacity cDNA reverse transcription kit (Thermo Fisher Scientific) according to the manufacturer’s instructions. The complementary DNA was subjected to PCR using AmpliTaq DNA polymerase (Thermo Fisher) and our designed primers (Table 1) with the following conditions: 10 min at 95 °C, followed by repetitions of 1 min at 95 °C, 1 min at 60 °C, and 30 s at 72 °C and a final extension step of 30 s at 72 °C. 
Genomic PCR was performed with 10 ng genomic DNA (gDNA) in a 25 µL reaction volume using 1 unit of AmpliTaq DNA polymerase and 0.2 µmol/L of each primer (Table 1). PCR was run using the GeneAmp PCR System 9700 (Thermo Fisher) at the following conditions: 10 min at 95 °C, followed by repetitions of 1 min at 95 °C, 1 min at 53 °C (40 cycles), and 1 min at 72 °C and a final extension step of 30 s at 72 °C. The accurate length of the PCR products was confirmed using agarose gel electrophoresis. The images were obtained using the BLooK LED transilluminator (BIO-HELIX, Keelung, Taiwan) and a digital camera.

Direct sequencing analysis: The PCR products obtained were subjected to direct sequencing using the BigDye Terminator version1.1 Cycle Sequencing Kit (Thermo Fisher). Samples were run on ABI 3500 genetic analyzer (Applied Biosystems, Foster, United States).

Detection of SYT-SSX2 fusion gene sequence: To detect the fusion gene sequence in tissue and plasma samples, real-time PCR (RT-PCR) was performed in duplicates with 10 ng tissue DNA or 0.5 ng plasma cfDNA using the StepOne real-time PCR systems (Thermo Fisher). A pair of primers and specific probes using locked nucleic acid (LNA) bases for detecting the SYT-SSX2 fusion gene sequence were designed (Table 1; Integrated DNA Technologies, Coralville, United States). The whole RT-PCR mixture (10 µL reaction volume) comprised DNA, Taqman Fast Advanced Master Mix (Thermo Fisher), RNase-free water, 0.5 µmol/L of each primer, and 0.25 µmol/L of probe solution and was performed with the following conditions: 2 min at 50 °C and 20 s at 95 °C, followed by repetitions of 1 s at 95 °C and 20 s at 60 °C (40 cycles).

Statistical analysis: BLAST software (http://www.ncbi.nlm.nih.gov/BLAST/) was used for sequence data analysis. The detection levels of the fusion gene sequence were compared with those obtained using the ΔΔCt method.

Results
Confirmation of SYT-SSX2 fusion gene occurrence in tumor tissues: To confirm the fusion of the SYT and SSX2 genes, RT-PCR was performed using total RNA extracted from tumor and adjacent normal tissues. The primer set was designed in exon 10 of the SYT gene (SYT-sense) and in exon 6 of the SSX2 gene (SSX2-antisense) (Figure 1A) for an expected PCR product size of 118 base pairs. The sequence data of this primer sets are shown in Table 1. A PCR product of > 100 base pairs was obtained in tumor tissues only (Figure 1B), and direct sequencing of this PCR product confirmed the fusion between exon 10 of the SYT gene and exon 6 of the SSX2 gene (Figure 1A and C).

Detection of the genomic breakpoint: To detect a genomic breakpoint in intron 10 of the SYT gene and intron 5 of the SSX2 gene, 12 forward primers in SYT intron 10 and 3 reverse primers in SSX2 intron 5 were designed at intervals of approximately 1000 base pairs (Figure 2A and Table 1). Genomic PCR was performed with each forward and reverse primer using gDNA extracted from tumor and normal tissues. The smallest PCR product, approximately 500 base pairs, was detected with the combination of SYT-8 and SSX2-4 primers in tumor tissues only (Figure 2B). The direct sequencing of the obtained PCR product showed a genomic breakpoint within the SYT and SSX2 introns (Figure 2C).

Production of the breakpoint-specific probe: A breakpoint-specific FAM-labeled LNA probe and primer sets for RT-PCR analysis were designed to detect the SYT-SSX2 fusion sequence in DNA samples (Figure 3A and B, Table 1). Using this specific probe and primer sets, the SYT-SSX2 fusion sequence was detected in 10 ng of gDNA extracted from tumor tissues (Ct value; 31.6) (Table 2). Serial dilutions of gDNA extracted from tumor tissue were analyzed by RT-PCR using this specific probe and primer sets to confirm the accurate measurable range. The SYT-SSX2 fusion sequence was detected proportional to gDNA concentrations from 1 to 0.063 ng (range of Ct value, up to 37, R2 = 0.974, P = 0.0018) (Figure 4A). 

Detection of the SYT-SSX2 fusion sequence in cfDNA: cfDNA extracted from the plasma was verified by RT-PCR using the specific probe and primer sets. The fusion sequence was detected in the plasma sample collected preoperatively from the patient but not in the plasma sample collected one or six months postoperatively from the patient or in the plasma samples of 10 healthy volunteers (Figure 4B). The Ct value was 35.9 in cfDNA collected preoperatively, whereas it was undetermined in other cfDNA (Not detected till 40 cycles) (Figure 4B).

DISCUSSION
Primary gastric SS is a rare disease, and its diagnosis by clinical or pathological findings is difficult. Detection of the SYT-SSX fusion gene using a molecular biological approach is necessary for a definitive diagnosis. In most cases, this fusion gene or fusion sequence was identified from total RNA or DNA of tumor tissues by PCR method. Many alterations, such as microsatellite alteration[12], DNA methylation[13], and some mutations[14], in cancer cells have been recently detected in circulating cfDNA. Regarding translocation-derived diseases such as SS, it may also be possible to detect the fusion sequence in cfDNA. Indeed, Hayashi et al. reported that the EWS-ETS fusion gene, specific to Ewing sarcoma, was detected in circulating cfDNA extracted from plasma of a patient with Ewing sarcoma using long-range PCR and digital droplet PCR (ddPCR)[15].
In this study, we developed a highly specific locked nucleic acid (LNA) probe and primer sets for the SYT-SSX2 fusion gene sequence and detected the sequence in cfDNA extracted from the plasma of a primary gastric SS patient. The translocation causes gene rearrangements in tumor tissues only; therefore, this probe and primer sets specific to the fusion sequence are highly unique to identify the intronic breakpoint. Moreover, the normal PCR method instead of highly accurate and sensitive methods such as ddPCR could detect the objective sequence in a small amount of cfDNA.
Nested PCR[8] or long-range PCR[15] techniques were previously reported for identifying the intronic fusion sequences of translation-related diseases. While the detection of SYT-SSX fusions in tumor tissues has been previously reported, this is the first report regarding the detection of the fusion sequence in circulating cfDNA. Since the discovery of circulating tumor cfDNA in 1994[16,17], investigations on cfDNA molecules have been proven to be useful for diagnosing or monitoring of disease states[11,18-21]. In this study, the fusion sequence could be detected in preoperative circulating cfDNA only, although the primary lesion was only 20 mm in diameter and undetectable by preoperative computed tomography. We expect the detection method of the SYT-SSX fusion sequence in circulating cfDNA to become an effective monitoring tool for SS, because > 90% of SS patients have this reciprocal translocation. 
Numerous gene alterations have been recently identified using advanced technologies such as next-generation sequencing, and fusion genes have been reported to contribute to tumorgenesis[22] . For example, recurrent fusions of R-spondin family members RSPO2 and RSPO3, which occur in 10% of colon tumors, have been reported to be involved in the activation of Wnt signaling pathway[23]. NCOA2, a negative growth regulator repressing Wnt signaling pathway, was reported to be disrupted by recurrent fusion with LACTB2 in colorectal cancer. We believe this method can be a less-invasive and personalized monitoring technique with high sensitivity and specificity for translocation-derived diseases, including some cancers.
This technique has some limitations. Sufficient amounts of gDNA from tissue samples need to be obtained to confirm the intronic breakpoint. Frozen tumor samples may be preferred over formalin-fixed tissues to prevent yield decrease because of fragmentation of DNA samples in the latter tissues. Furthermore, although we demonstrated the detection of the fusion sequence in cfDNA of a gastric SS patient, the sensitivity of RT-PCR using cfDNA obtained from 2 mL plasma was not so high (Ct value, 35.9) because of a small amount of cfDNA. A more advanced method to obtain high-quality or large amounts of cfDNA may be more appropriate for this technique in the future regarding a stable application. Finally, while the location of gene fusion is almost same for each disease, the intronic breakpoint may differ in each patient. Thus, a specific probe and primer sets should be designed for each patient per disease. In this regard, if the amounts of collected plasma RNA or sensitivity of the RT-PCR method is improved, a specific probe and primer sets for plasma RNA samples would be more useful and become a valuable diagnostic tool. Large-scale studies will be necessary to confirm the sensitivity and specificity of this method. 
In conclusion, we demonstrated the detection of the SYT-SSX fusion sequence in the plasma circulating cfDNA of a rare gastric SS patient. In the future, this method may be useful for translocation-derived diseases such as SS or for other cancers which contain translocations.

ARTICLE HIGHLIGHTS
Case characteristics
A 27-year-old woman presented upper abdominal pain.

Clinical diagnosis
Upper abdominal tenderness associated to the gastric tumor.

Differential diagnosis	
Stomach tumor including cancer or gastrointestinal stromal tumor.

Laboratory diagnosis
Blood tests ruled out opportunistic infections and severe anemia.

Imaging diagnosis
Upper gastrointestinal endoscopy and ultrasound endoscopy showed a small submucosal tumor less than 20 mm in diameter in the stomach.

Pathological diagnosis
Histological examination of the biopsies showed a spindle cell sarcoma compatible with SS. SYT-SSX2 fusion gene was detected using biopsy samples by CR methods.

Treatment
The submucosal tumor was resected by laparosopic and ecdoscopic cooperative surgery.

Related reports
Previous cases of SS whose intronic breakpoints were confirmed using tumor samples have been described.

Term explanation
SYT-SSX fusion gene is SS-specific genetic alternation and detection of SYT-SSX contributes much to the diagnosis of SS. 

Experiences and lessons
In patients with SS and other translocation-related diseases, detection of fusion genes specific for those diseases is a powerful diagnostic tool and the detection using liquid sample, such as blood, can be a valuable and less invasive monitoring tool as well.
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Figure 1 Identification of the SYT-SSX2 fusion transcript. A: Structure of the SYT-SSX2 fusion transcript. Exon 10 of the SYT gene and exon 6 of the SSX2 gene are fused together in this transcript. The sequencing of exon is shown. Forward and reverse primers were designed in exon 10 of the SYT gene and exon 6 of the SSX2 gene, respectively; B: The RT-PCR product, including the SYT-SSX2 fusion site, was obtained from tumor tissue samples only. This analysis was performed more than three times, and a representative result of an electrophoresis is shown; C: The result of direct sequencing of the PCR product is shown. Exon 10 of the SYT gene is fused to exon 6 of the SSX2 gene.
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Figure 2 Detection of the SYT-SSX2 fusion sequence. A: The intronic primer settings in the SYT and SSX2 genes are shown; B: Genomic PCR products were obtained from tumor tissue samples only. This analysis was performed more than two times, and a representative result of an electrophoresis is shown; C: The intronic breakpoint was confirmed by direct sequencing. 


[image: ]A
B

Figure 3 Intronic breakpoint and structure of the fusion sequence with specific probe and primer sets. A: The arrowheads indicate the position and sequence of the intronic breakpoint of the SYT and SSX2 genes; B: The structure and sequence of the FAM-labeled probe and primer sets specific to the intronic breakpoint of the SYT-SSX fusion sequence.
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Figure 4 Detection of the fusion gene sequence in cfDNA using specific probe and primer sets. A: The range of reproducibility of RT-PCR with the specific probe and primer sets was confirmed. Diluted serial tumor gDNA of 1–0.063 ng was used. The dotted line indicates an approximate curve (R² = 0.9742, P = 0.0018); B: cfDNA samples of a patient and 10 healthy volunteers were analyzed using RT-PCR. RT-PCR was performed in duplicate, and mean Ct values are indicated. Standard deviation was calculated from duplicate samples.



Table 1 Overview of primers and probe sequences for all PCR methods
	Primers (5’-3’) 
	Sequence
	Product size (bp)

	Reverse transcription PCR
	
	

	SYT-sense 
	CCAGCAGAGGCCTTATGGA
	118

	SSX2-antisense
	GCACAGCTCTTTCCCATCA
	

	Genomic PCR
	
	

	SYT1-sense
	GTAGTTTGACCGGCTGCAGAA
	

	SYT2-sense
	GGTGGTCTGGTTTGTTCACC
	

	SYT3-sense
	GCAAATGTTTATTGAGCAACCA
	

	SYT4-sense
	GGGAGAAATTAAAAGGGTGGA
	

	SYT5-sense
	CACCTGTGAAACCATCAGCA
	

	SYT6-sense
	TTTTCTTTATGGATTATGCTTTTGG
	

	SYT7-sense
	GCTTACTAGGAGTTTCATTGTAATTG
	

	SYT8-sense
	CAGCCTGATAAACTGTATACC
	

	SYT9-sense
	GATTTGAATGCGTGATCACAAG
	

	SYT10-sense
	GATTGGATTCCAGACATTGTG
	

	SYT11-sense
	GCCACCTTGGAATTTGTTAATG
	

	SYT12-sense
	CTGATGATTGAAGAAACCGAG
	

	SSX2-1-antisense
	ACGGAGAATCAGGGTTCTTTGG
	

	SSX2-2-antisense
	TCAGTCTCCACACTGGCAAC
	

	SSX2-3-antisense
	TCAAGGCAACATCCGACTCC
	

	SSX2-4-antisense
	TGGTTTCCAGGGATAGAATGCT
	

	Real-time PCR
	
	

	SYT-specific-sense
	CCAGCAACAGTAGTTTACTTTCTATC
	106

	SSX2-specific-antisense
	AAACATAGGGAGGCGACAAA
	

	SYT-SSX2-FAM probe-sense
	ATA+CAA+T+C+CA+G+CAG1
	

	1+C, +T, +G = LNA base.
	
	





Table 2 Results of RT-PCR analysis by the specific probe and primer sets
	Types of DNA
	Sample
	Ct value 1
	Ct value 2
	Mean

	Genomic
	Normal tissue
	Undetermined
	Undetermined
	Undetermined

	
	Tumor tissue
	31.94651
	31.30283
	31.62467

	β-actin
	Tumor tissue
	28.97511
	30.95062
	29.96287


Undetermined: No Ct detection till 40 cycles. 
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