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Background
Cell lines are used as model systems in cancer research to investigate the molecular 

mechanisms of tumor development and progression as well as the pharmacologic effects 
of novel therapies. However, the genomic features of cell lines maintained in long-term 
culture can change. This genomic instability may contribute to altered gene expression, 
affect tumorigenicity, and limit the application of investigational results ranging from in vitro 
studies to translational research. 

The SW982 cell line was established by A. Leibovita in 1974 using cells isolated from 
a surgical specimen from a patient with biphasic Synovial Sarcoma (SS). SS is a malignant 
mesenchymal neoplasm that accounts for an estimated 5%-10% of all childhood, adolescent 
and adult soft tissue sarcomas [1-3] and has also been reported in infants in rare cases [4]. 
SS occurs most frequently in soft tissues around large joints, particularly the knee, but has 
been found in most areas of the body including the extremities, head, neck, parotid, temporal 
region, tonsils, cheek, thorax, pleuropulmonary region, chest wall, lumbar spine and heart. SS 
arises within the abdomen and pelvis, in the esophagus, stomach and small bowel, in the male 
and female genitourinary tracts including the kidney, prostate and vulvovaginal sites, in both 
major and minor nerves, and intracranially within the dura and cerebellum [5]. SS is a high-
grade aggressive sarcoma with a 5-year survival rate of approximately 60% [6], and a nearly 
50% metastatic disease occurrence [7]. 

Abstract
Background: The SW982 cell line has been widely used as an in vitro model in functional and 

therapeutic studies of Synovial Sarcoma (SS). This cell line was established in 1974, and it is commercially 
available from the American Type Culture Collection (ATCC). Changes in the cytogenetic profile of the 
SW982 cell line since its initiation have not been well-established. This study cytogenetically characterized 
SW982 utilizing multiple techniques, including routine G-banded chromosome analysis, oligonucleotide 
array Comparative Genomic Hybridization (array CGH), and Fluorescence in Situ Hybridization (FISH). 

Results: The SW982 cell line (20 metaphases) exhibited a polyploid karyotype, 90-91, XXXX, 
der(1)t(1;4)(q10;p10)×2,del(5)(q23q33),dup(7)(q31q35),der(9)t(9;13)(q10;q10)×2,der(9)t(4;9)
(q10;p24)×2,der(18)t(18;22)(q23;q13),+20,del(22)(q11.2q12.3),+mar[cp20]. Compared to previous 
reports, this SW982 cell line exhibited chromosome structural rearrangements and copy number changes. 

Conclusion: Accurately determining the genetic changes in the SW892 cell line since its initiation will 
provide guidance when making genotypic and phenotypic correlations, and for establishing authenticity 
when it is applied in biological studies.  
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Tumor development has been associated with chromosomal 
abnormalities which involves multiple aberrations including the 
amplification, deletion, or rearrangement of DNA. Sarcomas are 
associated with specific chromosomal translocations, most of 
which have been identified. The fusion genes resulting from these 
translocations encode chimeric proteins that play a vital role in the 
biology of the tumor. Fusion between the SS18 gene (also known 
as the SYT or SSXT gene) located on chromosome 18 and the 
SSX gene located on the X chromosome results in the expression 
of the oncogenic SS18-SSX fusion protein, which underlies the 
pathogenesis of SS. The SS18-SSX fusion protein arises from a 
specific chromosomal translocation t(X;18) (p11.2; q11.2), which 
occurs in more than 95% of SS patients. This SS18-SSX fusion 
protein along with overexpressed proteins such as bcl-2, EGFR and 
HER-2/neu represent potential molecular targets in SS [8]. 

Rearrangements in the cytogenetic profile of the SW982 cell 
line since its initiation may be associated with altered mechanisms 
and responses to therapeutic agents in in vitro studies. Alternatively, 
nonrandom rearrangements may facilitate the identification of 
candidate genes related to SS. The objective of the present study 
was to authenticate and characterize the genomic features of the 
SW982 cell line since its initiation using a combination of techniques 
including conventional G-banding, array Comparative Genomic 
Hybridization (CGH), and Fluorescence In Situ Hybridization (FISH).

Materials and Methods
Chromosomal anomalies detected by routine G-banded 

chromosomal analysis, array CGH and FISH were reported according 
to the International System for Human Cytogenetic Nomenclature 
(2013). 

G-banded chromosome analysis 
The synovial sarcoma cell line was purchased from the 

American Type Culture Collection (ATCC, Lot#: 58317189). The 
SW982 cell line was cultured in RPMI 1640 medium (Mediatech, 
Inc., Manassas, VA, USA; Lot#: 14715004) with 14% fetal bovine 
serum (FBS; GE Healthcare Lifesciences HyClone Laboratories, 
Inc., Utah, USA), 2% penicillin/streptomycin (Life Technologies, 
New York, USA), and 2% L-glutamine (Life Technologies) at 37 °C 
in a humidified atmosphere with 5% CO2. Cells were cultured for 
a maximum of 5 passages and were then incubated with 1 mg of 
colcemide (Gibco, Karlsruhe, Germany) for 60 minutes. Cells were 
released from the culture vessel by trypsinization (trypsin-EDTA 
0.05/0.02 w/v) (Biochrome, Berlin, Germany) for 3-5 minutes 
then placed in a tube for centrifugation (120g for 10 minutes) 
and incubated in 0.56% KCl hypotonic solution for 20 minutes. 
Subsequently, cells were fixed four times using a 3:1 methanol–
glacial acetic acid fixative solution. The fixed cells were dropped 
onto slides, which were placed in a Thermotron Drying Chamber 
(Thermotron Industries, Inc., Holland, MI, USA) set to 22 °C and 
45% humidity. Next, the slides were stained with 4% Giemsa Stain 
(EMD Chemicals, Inc. NJ, USA) and G bands were visualized on a 
Nikon Eclipse 80i fluorescent microscope. A total of 20 metaphases 
were analyzed using the CytoVision software (Metasystems, 
Altlussheim, Germany). 

Array comparative genomic hybridization 

Array CGH was performed using the Agilent CGH 2X400K 
format to confirm chromosomal anomalies identified by 
G-banded chromosome analysis and identify subtle yet significant 
chromosomal changes that could not be detected on routine 
cytogenetic assay. Human reference genomic DNA was purchased 
from Agilent (Agilent Corporation, Santa Clara, CA, USA). Cell 
line DNA was isolated from confluent cultured cells at the third 
passage using the Nucleic Acid Isolation System (QuickGene-610L; 
FUJIFILM Corporation, Tokyo, Japan) according to manufacturer’s 
protocols. DNA concentration and quality were measured using 
a Nanodrop1000 (Thermo Fisher Scientific Inc., Wilmington, DE, 
USA). Reference and cell line DNA were labeled with cyanine 3 (Cy-
3) or cyanine 5 (Cy-5) by random priming (Agilent Corporation). 
Equal amounts of reference and cell line DNA were mixed and 
hybridized to an Agilent 2X400K oligo microarray (Agilent 
Technologies) in Agilent’s microarray hybridization oven (Agilent 
Technologies). After hybridizing for 40 hours at 67 °C the array 
was washed and scanned using the NimbleGen MS 200 Microarray 
Scanner (NimbleGen System Inc., Madison, WI, USA). Agilent’s 
CytoGenomics 2.7 software (Agilent Technologies) was used for 
data analysis.

Fluorescence in situ hybridization 

The cross-species comparative genomic hybridization color-
banding technique (RxFISH) was performed with multiple DNA 
probes including the whole chromosome painting probes for all 
chromosomes and the locus specific identifier probes for EGR1 on 
5q31, D7S486 on 7q31, and p16 on 9p21 (Abbott Molecular Inc., 
Des Plaines, IL, USA) following the manufacturer’s protocols. A 
total of 100 interphase cells or 20 metaphase cells were analyzed 
for each probe. Digital images revealing the distribution of specific 
hybridization signals were processed using CytoVision Software 
Version Number 7 (Applied Spectral Imaging, Genetix, USA).

Results
G-banded chromosome analysis 

A total of 20 metaphase cells obtained from the SW982 cell line 
were analyzed and revealed consistent chromosomal anomalies. 
This SW982 cell line exhibited a polyploid karyotype: 90-91, XXXX, 
der(1)t(1;4)(q10;p10) ×2, del(5)(q23q33), dup(7)(q31q35), del(9)
(p21p23), der(9)t(9;13)(q10;q10)×2, der(9)t(4;9)(q10;p24)×2, 
der(18)t(18;22)(q23;q13), +20, del(22)( q11.2q12.3), +mar 
[cp20] (Figure 1). Differences in the karyotype of the SW982 cell 
line investigated in the present study were compared to previous 
reports on the karyotype of the SW982 cell line obtained from 
ATCC (Hyperdiploid; modal number = 48; range = 42 to 58). The 
rate of higher ploidies was 1.6%. Nine markers were common 
to all cells, including t (1;4) (1q4p), del (5) (q31q33), der (9) t 
(4;9) (q10;p24), del(9)(p21p23), t(9;13)(9q13q) and four others. 
Specifically, double minutes were seen in some cells, two copies of 
the X chromosome were present, and chromosomes N4, and N13 
were consistently single copied.
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Figure 1: Representative cytogenetic analysis: 91, XXXX, der (1)t(1;4) (q10; p10) ×2, del (5) (q23q33), dup (7) 
(q31q35), der(9)t(9;13) (q10;q10)×2, der(9)t(4;9)(q10;p24) ×2, der(18)t(18;22)(q23;q13), +20, del(22)(q11.2q12.3), 
+mar.

Comparative genomic hybridization
Array CGH confirmed the findings of the G-banded chromosome 

analysis. Furthermore, array CGH revealed gains that involved part 
or all of chromosomes 1, 4, 7, 20 and 22, and losses that involved 

part or all of chromosomes 1, 5, 8, 9, 18 and 22 (Table 1; Figure 2). 
It should be noted that array CGH results are based upon a diploid 
control and cannot detect ploidy changes in tetraploidy cell lines 
such as SW982; therefore, complementary karyotype and FISH data 
were also considered.

Figure 2: An ideogram summarizing the chromosomal anomalies detected by array CGH. Vertical red lines to 
the left of the chromosome ideogram indicate chromosomal loss and green lines to the right of the chromosome 
ideogram indicate chromosomal gain. Heavy green lines indicate segmental amplification

Table 1: Chromosomal losses and gains in the SW982 cell line.

Chr Array CGH Start Stop Mb

1 1plost;1qgain 230,145,829 231,565,613 1.42

5 q23.1-q31.1 121,757,069 143,784,221 22.03

7 q31.31-q35 120,060,767 145,585,853 26.53

9 p24.3-p24.2 197,216 2,361,147 2.16

9 p24.2 2,366,414 3,183,883 0.82

9 p24.2 3,983,952 4,667,547 0.68

9 p24.1 4,673,434 8,257,435 3.58

9 p23 8,267,511 14,670,981 6.40

9 p22.3 14,677,088 16,359,268 1.68

9 p21.3 21,909,765 24,912,647 3.00

18 q22.1-q23 68,422,198 76,144,624 7.72

20 trisomy    

22 q11.22-q12.3 22,763,001 33,268,398 10.51
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Fluorescence In Situ Hybridization (FISH)
G-banded chromosome analysis and array CGH indicated 

rearrangements between chromosomes 1 and 4, chromosomes 
4 and 9, chromosomes 9 and 13, and chromosomes 18 and 22. 
Chromosome painting probes confirmed translocations between 
these chromosome pairs (Figures 3-6). 5q31 deletion was verified 
using the EGR1 gene and D5S721(5p15.2) probes (Figure 7). 7q31 

duplication was verified using the CEP 7 and D7S486(7q31) probes 
(Figure 8). In addition, complete loss of 9p21.3, 9p23 and 9p24.3, 
and partial loss of 9p22.3, 9p24.1, 9p24.2-24.1 and 9p24.2 was 
documented (Figure 9). Other chromosome painting probes have 
been confirmed, those are consistent with CGHs. (Figures 10-12). 
Chromosome status was confirmed in 100 cells using locus-specific 
identifier FISH. (http://www.genome.ucsc.edu).

Figure 3: Whole chromosome painting of chromosomes 1 and 4 revealed derivative chromosome 1 with additional 
material from chromosome 4p due to translocation der (1) t (1;4) (q10;p10).

Figure 4: Whole chromosome painting of chromosomes 4 and 9 revealed derivative chromosome 9 with additional 
material from chromosome 4q due to translocation der (9)t(4;9) (q10; p24).

Figure 5: Whole chromosome painting of chromosomes 9 and 13 revealed derivative chromosome 9 with 
additional material from chromosome 13q due to translocation der (9)t(9;13) (q10; q10).

http://www.genome.ucsc.edu
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Figure 6: Whole chromosome painting of chromosomes 18 and 22 and locus specific identifier probes LSI 
TUPLE1/LSI ARSA revealed derivative chromosome 18 with additional material from chromosome 22q13 due to 
translocation der (18)t(18;22) (q23; q13).

Figure 7: FISH two-color locus probes (EGR1 located in 5q31, and D5S721 located in 5p15.2) revealed a deletion 
involving 5q31. Array CGH revealed a deletion that involved 5q23.1q33.1.

Figure 8: FISH two-color locus probes (D7S486 located in 7q31 and CEP7) revealed a duplication involving 7q31. 
Array CGH revealed a duplication that involved 7q31.31q35.
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Figure 9: Deletion of the p16 gene located on chromosome 9p21.

Figure 10: Whole chromosome painting 2, 3, 5, 6, 7, 8, 10, 20.

Figure 11: Whole chromosome painting 11, 12, 14, 15, 16, 17, 19.
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Figure 12: Whole chromosome painting 21, X.

Discussion
The present study authenticated and characterized genomic 

features of the SW982 cell line using a combination of conventional 
G-banding, array CGH and FISH. Findings indicate this cell line 
underwent multiple chromosome rearrangement events since its 
establishment and initial characterization. G-banded chromosome 
analysis revealed several structural rearrangements and copy 
number changes. These findings were corroborated by microarray 
CGH, which further identified losses involving chromosomes 1p, 
5q, 9p, 18q and 22q, and gains involving chromosomes 1q, 7q 
and 20. Cumulatively, more genetic material was lost than gained 
(226.96 Mb vs. 156.84 Mb, respectively) as quantified by array 
CGH. Alternatively, structural abnormalities of this cell line were 
analyzed using RxFISH. This comprehensive molecular cytogenetic 
study revealed allelic gains and losses in regions containing tumor 
suppressor genes and oncogenes that play vital roles in tumor 
development [9,10].

The findings of the present study are in accordance with 
previous reports of genotype alterations following culture of 
immortalized cell line [11,12]. Generating stable cell lines is essential 
for studying the structure and function of recombinant proteins. 
However, established continuous cell lines can become unstable 
and possibly contaminated. The SW982 cell line investigated in the 
present study showed chromosome 1 rearrangements in all cells, 
specifically consisting of chromosome 1p loss and 1q gain. Previous 
reports have indicated that 1p deletion defines a subset of cellular 
leiomyomata [13] and primary alveolar rhabdomyosarcoma 
[14]. In particular, loss of 1p36 has been found in various types 
of cancer. Genes within this region include CMM1 and SDHB, 
tumor suppressor genes with important roles in tumorigenesis. 
Furthermore, evidence implicates CMM1 in melanoma [15] and 
SDHB in breast cancer [16]. To the authors’ knowledge, there are 
no reports on the effects of chromosome 1 rearrangements in SS.

There was a partial loss of chromosome 5q (q23.2q31.3) that 
was approximately 22 Mb in size. This deleted region includes many 
genes, including the tumor suppressor genes TNFAIP8, LOX, IRF1, 

EGR1 and RAD50, which are downregulated in SS and other tumor 
types [17-19]. The EGR1 gene located in 5q31.2 is an important 
suppressor gene in multiple tumor types, and decreased EGR1 
levels have been correlated with tumor formation and invasion [20-
22]. Previous reports have suggested that EGR1 is downregulated 
in SS [23]. The fusion between SS18 (also known as SYT or SSXT) 
located on chromosome 18 and SSX located on the X chromosome 
is the hallmark of SS, resulting in the expression of the oncogenic 
SS18-SSX fusion protein, which is found in >95% all of SS cases [24]. 
In SS, EGR1 expression is repressed by the SS18-SSX fusion protein. 
Interestingly, although the translocation between chromosomes 
X and 18 was not present in the SW982 cell line investigated in 
present study, there was a deletion at 5q31.2.

Chromosome 9 imbalances were very prominent in the SW982 
cell line. Deletions of chromosome 9p have been observed in many 
human tumors and cell lines [25,26]. Array CGH revealed that the 
size of the losses varied in different regions of chromosome 9p. 
There were total deletions at chromosome 9p21.3, 9p23 and 9p24.3, 
and partial deletions at 9p22.3, 9p24.1 and 9p24.2. Furthermore, 
p16INK4A(CDKN2A) located in 9p21.3 is a key tumor suppressor 
gene in SS and encodes two alternatively spliced proteins: p16 and 
p14ARF. Both proteins affect the pRB and p53 pathways in cell cycle 
progression [27]. 

In addition, there was a partial gain involving chromosome 7. 
Several proto-oncogenes such as MET, WNT2, ZNF312B and BRAF 
are located on 7q31-q35 [11]. Notably, BRAF may play a minor role 
in SS [28]. Finally, partial deletion of chromosome 22 and trisomy 
chromosome 20 were also detected. 

Conclusion
In conclusion, the chromosomal aberrations in the SW982 cell 

line investigated in the present study were effectively analyzed 
using a combination of G-banded chromosome analysis, array 
CGH and FISH. There were multiple differences compared to the 
genomic features of the SW982 cell line reported at its initiation. 
Significantly, candidate genes related to SS may be isolated from the 
nonrandomly rearranged regions identified in the present study.
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