
Abstract. Synovial sarcoma (SS) is an aggressive soft-tissue
malignancy characterized by a unique t(X;18) translocation
resulting in expression of SS18-SSX fusion protein. In order
to investigate the biological function of this fusion protein
and to develop a novel therapeutic option, we examined
downregulation of SS18-SSX1 expression by small interfering
RNA targeting SS18-SSX1 in three human SS cell lines.
Microarray analysis comparing SS18-SSX1-silenced cells
with control cells in three SS cell lines showed that SS18-
SSX1 mainly affected the focal adhesion pathway. In accord
with the array data, silencing of SS18-SSX1 enhances adhesion
to the extracellular matrix through the induction of expression
of myosin light-chain kinase. Furthermore, the silencing of
SS18-SSX1 inhibits anchorage-independent growth in vitro
and systemic delivery of siRNA against SS18-SSX1 using a
nanoparticle system inhibited tumor growth in a nude mouse
xenograft model. Our results demonstrate that siRNA targeting
of SS18-SSX1 has therapeutic potential for the treatment of SS.

Introduction

Synovial sarcoma (SS) accounts for 7-10% of all soft-tissue
malignancies, frequently affecting adolescents and young
adults. SS is characterized by a unique genetic event, the
t(X;18) translocation-mediated fusion of the SS18 gene on
chromosome 18q11 to either SSX1, SSX2, or, very rarely, the
SSX4 gene located on chromosome Xp11, resulting in fusion
protein product SS18-SSX (1-4).

We previously reported the 5-year overall survival of SS
patients without metastasis at first presentation to be 81.1%,
but SS patients with metastasis at first presentation never
survive for longer than 5 years, despite high-dose chemo-
therapy (5). One of the factors contributing to this outcome is
the multidrug resistance of metastatic tumor that develops by
the time patients are treated. Thus, new therapeutic options
for metastatic patients are strongly required. Tumor-specific
chromosomal translocations are associated with a number of
malignancies, including leukemias, sarcomas, and carcinomas.
The protein products of these fusion genes provide good
targets for antitumor therapies. For instance, imatinib or all-
trans retinoic acid improved the prognosis of chronic
myeloid leukemia or acute promyelocytic leukemia, respec-
tively, because these small molecules specifically inhibit the
function of BCR-ABL or APL-RAR· fusion protein (6-8).
Therefore, investigation of the biological function of SS18-SSX
fusion gene and inhibition of its function might lead to new
therapies.

The 5' translocation partner SS18 is evolutionarily
conserved; it is widely expressed during development and in
adult tissues (9). SS18-null mice do not develop beyond E9.5
and show profound defects in vascularization, cell migration,
neural tube closure, and fusion within the embryonic-maternal
membranes (10). It is a putative transcriptional coactivator
and is thought to act by binding to the BRM and BRG1
components of SWI/SNF chromatin remodelers (11,12). The
3' translocation partner SSX is a family of closely related
genes on the X chromosome that has been reported to act as
transcriptional corepressors via interaction with the RING1
and Bmi-1 components of the polycomb chromatin remodeling
repressor complex and with condensed chromatin and core
histones (13-15). SSX expression in adults is restricted to the
testes, although it is occasionally found in certain tumors
including sarcoma (2,3,16,17). Because of its expression
pattern, SSX appears to be an ideal target for cancer vaccines
(18-20). The t(X;18)-generated SS18-SSX fusion protein
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retains the activation domain of SS18 along the repressor
domain of SSX, lacks a DNA-binding domain, and probably
acts via interaction with chromatin remodelers (21,22).

One of the difficulties in analyzing SS18-SSX function
has been the lack of an appropriate model system in which to
study the function of this fusion gene. Because the cell of origin
of SS is unknown, most studies have relied on heterologous
cell types of uncertain relevance to human disease. For
instance, SS18-SSX causes oncogenic transformation when
introduced into rat 3Y1 (21), but cell death when introduced
into mouse MEF (23). These results suggest that there might
be differences according to cell type in gene expression
associated with SS18-SSX. Therefore, the cellular background
is indeed critical for determining the function of SS18-SSX
fusion protein in human SS. In this study, we investigated the
effect of SS18-SSX silencing by siRNA using three SS cell
lines, and verified that silencing of SS18-SSX could provide a
novel molecular therapy.

Materials and methods

Cell lines and cell culture. The human SS cell line YaFuSS
was kindly provided by Professor J. Toguchida (Kyoto
University). YamatoSS was established in our laboratory
from a histologically confirmed biphasic SS developed in the
thigh of a 30-year-old man. AskaSS was derived in our
laboratory from pulmonary metastasis from an inguinal SS
with biphasic growth pattern in a 27-year-old man. All three
cell lines were maintained in Dulbecco's minimal essential
medium (DMEM) containing 10% fetal calf serum (FCS) and
1 mM sodium pyruvate.

RNA isolation, reverse transcription, and polymerase chain
reaction (PCR). Total RNA was purified with TRIzol reagent
(Invitrogen). Total RNA (1 μg) was used for the reverse
transcription reaction with the High Capacity cDNA Reverse
Transcription kit (Applied Biosystems) according to the
manufacturer's instructions. PCR was performed with
AmpliTaq Gold (Applied Biosystems) using the following
primer sets: for SS18-SSX1, forward 5'-CAACAGCAAGAT
GCATACCA-3' and reverse 5'-GGTGCAGTTGTTTCC
CATCG-3'; for full-length SSXs, forward 5'-GACTTCCAG
GGGAATGATTT-3' and reverse 5'-CCACGTTCTGCTTCT
CATCA-3', which can amplify SSX1, SSX2, SSX3, and SSX4
but not SS18-SSX1; for full-length SS18, forward 5'-GGTGG
TCCAGGTCCTCAGTA-3' and reverse 5'-TTTCTGATGCT
GTCCAGTGC-3'.

RNA interference. Cells were transfected with 20 nM siRNA
using Lipofectamine 2000 reagent (Invitrogen) according to
the manufacturer's instructions. The siRNA sequences were
as follows: siRNA-A, sense 5'-GAAAGCAGCUGGUGAU
UUAUGAAGAAG-3' and antisense 5'-UCUUCAUAAAUC
ACCAGCUGCUUUCAU-3'; siRNA-B, sense 5'-CCAAGA
GUUCGAUGUUAGUdTdT-3' and antisense 5'-ACUAAC
AUCGAACUCUUGGdCdA-3'; siRNA-control, sense 5'-CU
UACGCUGAGUACUUCGAdTdT-3' and antisense 5'-UCG
AAGUACUCAGCGUAAGdTdT-3'.

Plasmid construction. cDNA of human chimeric gene
SS18-SSX1 was amplified from YaFuSS. SS18 was amplified

from SS18-SSX1 by adding eight amino acids at its C terminus
by PCR. Amplified fragments were subcloned into EcoRI
and KpnI sites of the expression vector pEGFP-C1 (Clontech),
designated pEGFP-SS18-SSX1 and pEGFP-SS18. Plasmid
sequences were verified with an ABI PRISM 3100 genetic
analyzer. Co-transfection of these vectors (0.5 μg/ml) and
siRNAs (50 nM) was carried out with Lipofectamine 2000
reagent (Invitrogen) according to the manufacturer's instruc-
tions. Three days after transfection, fluorescence was detected
using NIBA filter sets (excitation 470-490 nm, emission
515-550 nm) in an inverted microscope (IX70, Olympus).

Antibodies. The anti-SS18 antibody (Santa Cruz Bio-
technology), anti-MYLK antibody (Sigma), anti-MLC
antibody (Sigma), and anti-phospho-specific MLC antibody
(Cell Signaling) were purchased.

Immunoblotting. Cells were lysed on ice with SDS sample
buffer (125 mM Tris-HCl, pH 6.8; 2% SDS; 10% glycerol;
bromophenol blue) with 40 mM of dithiothreitol; the lysates
were boiled at 100°C for 5 min. The proteins were separated
on SDS-PAGE and transferred to nitrocellulose membranes
(Bio-Rad Laboratories). The membranes were blocked with
3% BSA in PBS-0.1% Tween-20 (T-PBS) for 1 h at room
temperature, and incubated with primary antibody diluted in
T-PBS containing 1% BSA at 4°C overnight. The membranes
were washed three times with T-PBS and incubated with
secondary antibody in T-PBS at room temperature for 1 h.
After washing with T-PBS, blots were developed using a
mixture of nitro blue tetrazolium (Promega) and 5-bromo-4-
chloro-3-indolyl-phosphate (Promega) in alkaline phosphatase
buffer (100 mM Tris-HCl, pH 9.0; 150 mM NaCl; 1 mM
MgCl2). The blots were scanned using a GT9500 flat scanner
(Epson).

WST-8 assay. After siRNA transfection for 24 h, cells were
trypsinized and resuspended in 10% FCS DMEM. An equiva-
lent number of cells (1x105 cells/well) in 750 μl were plated
onto each well of a 12-well plate. After incubation at 37°C
for 48 h, medium was changed (500 μl/ well), and 2-(2-
methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfo-
phenyl)-2H-tetrazolium monosodium salt (WST-8, Dojindo,
Kumamoto, Japan) was added (50 μl/well). The plate was
further incubated at 37°C until color development. Absorbance
was read at 450 nm on a plate reader (Perkin Elmer).

Microarray analysis. Target cRNA probe synthesis and
hybridization were performed using Agilent's Low RNA
Input Linear Amplification kit (Agilent Technologies) accor-
ding to the manufacturer's instructions. Briefly, each 1 μg total
RNA was isolated from SS cells transfected with control and
siRNA-A (YamatoSS and YaFuSS) or siRNA-B (AskaSS).
Doubled-stranded cDNA was generated from each 1 μg total
RNA and used as a template to synthesize cRNA labeled
with Cyanine 3 or Cyanine 5. Amplified cRNA was fragmented
and hybridized to Agilent Whole Human genome microarray
(Agilent Technologies). The hybridization images were
analyzed by Agilent DNA microarray scanner (Agilent Techno-
logies) and the data were quantified using Agilent Feature
Extraction software version 9.5.3.1 (Agilent Technologies).
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All data normalization and selection of fold-changed genes
were performed using GeneSpringGX 7.3.1 (Agilent Techno-
logies). Genes were filtered with removing flag-out genes
in each experiment. Intensity-dependent normalization
(LOWESS) was performed. The significant gene clusters were
queried with known components of the biological pathways
on the Kyoto Encyclopedia of Genes and Genomes (KEGG)
and GenMAPP database. The GeneSpringGX software uses
the Fisher's exact test to score biochemical pathways according
to the probability that as many or more genes in a pathway
would be significantly altered in a given experiment as by
chance alone.

Cell adhesion assay. After siRNA transfection for 72 h, the
cells (2x105 cells/well) were plated in 12-well culture plates
and incubated at 37°C in a 5% CO2 atmosphere for 1 h (YaFuSS
and AskaSS) or 2 h (YamatoSS). The non-attached cells were
removed by three PBS washes. The attached cells were fixed
in PBS containing 3% formaldehyde and counted under a
microscopy (IX-70) using an eyepiece reticle.

Tumor sphere formation assay. SS cells (6x104 cells/well)
transfected with siRNA were plated in 6-well ultralow attach-
ment plates (Corning Inc., Coning, NY) in Neural Progenitor
Cell medium (Lonza) containing human recombinant bFGF
(Basic Fibroblast Growth Factor), EGF (Epidermal Growth

Factor), and NSF-1 (Neural Surviving Factor-1) with 0.8%
methylcellulose. After culture for 7 days, the number of colo-
nies was counted by microscopy.

Animal experiments. All animal experimental protocols were
approved by the local animal ethics committee. YamatoSS
cells (1x107) were subcutaneously implanted in nude mice.
siRNA-A/WS (100 μl) containing siRNA-A or saline (100 μg)
was intravenously injected every 3 or 4 days starting on day 3
after tumor implantation. Tumor growth was monitored by
estimating its volume from caliper measurements of the length
(L) and width (W) as V = (L x W2)/2. At day 28, the mice
were sacrificed and the resected tumors were weighed.

Results

Silencing of SS18-SSX1 induced morphological changes in
all three SS cell lines. In order to analyze the biological roles
of SS18-SSX1 in its native cellular background, we used
siRNAs to knock down the endogenous fusion protein in SS.
RT-PCR showed that all three SS cell lines expressed both
SS18-SSX1 fusion gene and wild-type SS18, but not wild-type
SSX1, SSX2, SSX3, and SSX4 transcripts (SSX1-4) (Fig. 1A).
Thus, siRNAs for SSX1 sequences target only SS18-SSX1.
We synthesized two siRNAs targeting SS18-SSX1 to elimi-
nate off-target effects. Immunoblotting showed that both
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Figure 1. Silencing of SS18-SSX1 in three SS cell lines. (A) The three SS cell lines expressed both the SS18-SSX1 fusion gene and wild-type SS18 but not
wild-type SSX1-4 transcripts, as revealed by RT-PCR. Testis was positive control for wild-type SSX1-4. (B) Immunoblotting analysis showed that both
siRNA-A and siRNA-B effectively silenced the expression of SS18-SSX1 protein. (C) WST-8 assay for 48 h: silencing of SS18-SSX1 inhibited the growth rate
of YaFuSS and YamatoSS, but enhanced it in AskaSS (n=3). Data are shown as mean ± SD. *P<0.05 compared with control (D) SS18-SSX1 silencing induced
morphological changes in three SS cell lines. The SS18-SSX1-silenced SS cells were spread out and scattered by enhancing the cellular adhesion to the
extracellular matrix. In particular, YamatoSS showed a dramatic shape change from spherical to attached on the silencing of SS18-SSX1.

823-831  23/2/2010  10:12 Ì  Page 3

825



siRNA-A and siRNA-B effectively downregulated the
expression level of SS18-SSX1 compared with siRNA control
(Fig. 1B), and the silencing effects continued for 7 days (data
not shown).

Effects of SS18-SSX1 silencing on cell growth varied bet-
ween the three SS cell lines: it inhibited growth of YaFuSS
and YamatoSS cells, but enhanced it for AskaSS (Fig. 1C).
However, we found that SS18-SSX1 silencing induced quite
similar morphological changes in all three SS cell lines. The
SS18-SSX1-silenced SS cells were spread out and scattered
by enhanced adhesion to the extracellular matrix (ECM).
YamatoSS showed a particularly dramatic shape change from
spherical to attached after silencing of SS18-SSX1 (Fig. 1D).

Re-expression of EGFP-SS18-SSX1 rescued the morphological
changes induced by silencing SS18-SSX1. To determine
whether the morphological change was due to silencing of
SS18-SSX1 or to off-target or other non-specific effects, we
performed knockdown/rescue experiments. YamatoSS
transfected with siRNA control, siRNA-A or siRNA-B was
transfected with a pEGFP or pEGFP-SS18-SSX1 vector that

contained a different 3'-UTR sequence from endogenous
SS18-SSX1. As expected, immunoblotting revealed that
siRNA-B silenced only endogenous SS18-SSX1 fusion protein
but not EGFP-SS18-SSX1, because it targets 3'-UTR of
endogenous SS18-SSX1, while siRNA-A silenced both the
endogenous SS18-SSX1 fusion protein and EGFP-SS18-
SSX1 because it targets the shared coding region (Fig. 2A
and B). We found that re-expression of EGFP-SS18-SSX1
rescued the morphological changes induced by siRNA-B, but
that pEGFP-SS18-SSX1 could not rescue the morphological
changes induced by siRNA-A, because siRNA-A silenced
SS18-SSX1 and EGFP-SS18-SSX1 (Fig. 2C, arrowheads).
Thus, we verified that the morphological change was a result
of silencing of SS18-SSX1.

Transcriptional signature of SS18-SSX1 silencing. Next, to
confirm the significance of this morphological regulation to
SS18-SSX1 function, we analyzed the expression profile of
three SS cell lines transfected with the siRNA control and
siRNA-A (YamatoSS and YaFuSS) or siRNA-B (AskaSS)
using Agilent Whole Human genome microarray; 1222 genes

TAKENAKA et al:  DOWN-REGULATION OF SS18-SSX IN SYNOVIAL SARCOMA CELL LINES

Figure 2. Rescue of morphological changes by expression of EGFP-SS18-SSX1 in YamatoSS. (A) Schematic diagram of SS18-SSX1 fusion gene, pEGFP and
pEGFP-SS18-SSX1. The targets of siRNA-A and siRNA-B are indicated by arrows. (B) Immunoblot analysis of YamatoSS co-transfected with the siRNA
and the expression vector depicted in (A). The siRNA-A silenced both endogenous SS18-SSX1 fusion protein and EGFP-SS18-SSX1 because the targeted
coding region is shared. In contrast, siRNA-B silenced only endogenous SS18-SSX1 fusion protein but not EGFP-SS18-SSX1, because it targets 3'-UTR of the
fusion gene. (C) Re-expression of EGFP-SS18-SSX1 rescued the morphological changes of YamatoSS induced by silencing of SS18-SSX1 with siRNA-B
(arrowheads).
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in YaFuSS, 449 genes in YamatoSS, and 2147 genes in
AskaSS were induced more than 2-fold by silencing SS18-
SSX1. A Venn diagram showed that 44 genes were commonly
upregulated in all three SS cell lines by silencing SS18-SSX1
(Fig. 3A). When these 44 genes were functionally classified
according to the KEGG, they were mostly found to be involved
in the focal adhesion pathway (Table I A). Therefore, morpho-
logical regulation by focal adhesion dynamics is one of the
major biological targets of SS18-SSX1.

Silencing of SS18-SSX1 enhanced adhesion through induction
of MYLK. In order to objectively quantify these morphological
changes, we performed a cell adhesion assay. We found that
silencing SS18-SSX1 increased the number of cells that
adhered to the culture dish, as expected (Fig. 3B). Thus, we
speculated that SS18-SSX1 inhibits the expression of adhesion
molecules. To gain insight into the molecules downstream of
SS18-SSX1, we interrogated microarray expression data from
the tumor formed on SS18-SSX induction in a conditional
mouse model (24). Of 6 focal adhesion genes upregulated by
silencing SS18-SSX1 in this study (Table I B), myosin light-
chain kinase (MYLK) was downregulated in the tumor formed
on SS18-SSX induction. We confirmed that the protein level

of MYLK and the phosphorylation status of MLC were
upregulated by silencing of SS18-SSX1 in all three SS cell lines
(Fig. 3C). Addition of 30 μM of ML-9, a specific inhibitor of
MYLK, prevented cell adhesion (Fig. 3D).

The reciprocal effect of wild-type SS18 to SS18-SSX1 fusion
gene. We investigated whether wild-type SS18 affects
morphology and adhesion, because it was reported previously
that wild-type SS18 promotes cell adhesion to an ECM (25).
YamatoSS cells were cotransfected with expression vector
encoding EGFP, EGFP-SS18 wild-type, or EGFP-SS18-SSX1
and siRNA-B or control siRNA (Fig. 4A). As mentioned
above, EGFP-SS18-SSX1 rescued the morphological changes
and the adhesion to ECM induced by siRNA-B; EGFP-SS18
wild-type did not rescue them. Moreover, EGFP-SS18 wild-
type even enhanced adhesion to the ECM (Fig. 4B and C).
These data indicate that SS18-SSX1 fusion protein exerts an
inhibiting effect to wild-type SS18 on cell adhesion.

SS18-SSX1 facilitated anchorage-independent growth in vitro.
Next, we investigated how SS18-SSX1 contributes to onco-
genesis in SS. Silencing of SS18-SSX1 decreased the number
of spheres under non-serum conditions (Fig. 5A). These
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Figure 3. Involvement of SS18-SSX1 in cell adhesion. (A) Venn diagram of genes induced more than 2-fold by SS18-SSX1 silencing in three SS cell lines, as
revealed by microarray analysis. (B) The silencing of SS18-SSX1 in three SS cell lines enhanced the adhesion to the culture dishes. Data are shown as mean ± SD.
*P<0.05 compared with control. (C) The expression level of MYLK and the phosphorylation status of MLC were enhanced by SS18-SSX1 silencing in three SS cell
lines, shown by immunoblotting analysis. (D) MYLK inhibitor prevented the cell adhesion induced by silencing of SS18-SSX1.
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Figure 4. The reciprocal effect of wild-type SS18 on SS18-SSX1 fusion protein. (A) Schematic diagram of SS18-SSX1 fusion gene, pEGFP, pEGFP-SS18
wild-type, and pEGFP-SS18-SSX1. The target of siRNA-B is indicated by the arrow. (B) pEGFP-SS18 wild-type did not rescue the morphological changes
caused by siRNA-B (arrowheads). (C) pEGFP-SS18 wild-type enhanced adhesion to the culture dishes, as monitored by cell adhesion assay (arrows). Data
are shown as mean ± SD. *P<0.05 compared with siRNA control and pEGFP, **P<0.05 compared with siRNA-B and pEGFP.

Table I. SS18-SSX1 is mostly involved in the focal adhesion pathway.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
A.
Pathways No. of genes P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Focal adhesion 6 1.95E-15
Regulation of actin cytoskeleton 3 3.96E-07
ECM-receptor interaction 2 0.000269
Cell communication 2 0.000381
Calcium signaling pathway 1 0.000752
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
B.
Gene symbol Description Fold change (silencing/control)

YaFuSS YamatoSS AskaSS
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CAV1 Caveolin 1 9.00 3.88 11.7
MYLK Myosin light chain kinase 7.95 4.13 12.2
CAV3 Caveolin 3 7.87 3.74 23.1
LAMA4 Laminin, · 4 4.42 2.01 2.87
COL1A2 Collagen, type I, · 2 2.05 12.6 2.66
ACTN4 Actinin, · 4 2.62 2.18 2.12
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(A) KEGG pathway analysis of the 44 genes that showed more than 2-fold induction in all three SS cell lines on silencing of SS18-SSX1 (see
Fig. 3A). Many were involved in the focal adhesion pathway (see Fig. 3B). (B) Six genes in the focal adhesion pathway in (A).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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data suggest that SS18-SSX1 plays a role in oncogenesis by
enhancing anchorage-independent growth.

In vivo application of SS18-SSX1 silencing. To test whether
SS18-SSX1 silencing might inhibit tumor growth in a nude
mouse xenograft model, we used ‘wrapsome’ (WS), which is
a systemically injectable siRNA vehicle (26). The siRNA-
A/WS or saline alone was injected three times a week into
the tail veins of nude mice, starting 3 days after the inocu-
lation of YamatoSS into their flanks. siRNA-A/WS signifi-
cantly reduced tumor growth in vivo (Fig. 5B and C).

Discussion

Identification of the SS18-SSX fusion gene in SS suggested
the possibility of a new molecular target for the treatment of
SS, which will be more specific and less toxic than current
treatments. Unfortunately, this hope has not yet been realized.
We have investigated the function of SS18-SSX by silencing
it using siRNA in three human SS cells lines, and verified
whether this silencing has clinical relevance.

Previously, several downstream targets of SS18-SSX have
been reported, including cyclinD1 (28), p21 (29), IGF2 (30),
E-cadherin (31), TLE1 (32), EGR1 (33), EphB2 (34), and
COM1 (35). Present microarray analysis did not show any
of these to be changed by more than 1.5-fold in all three of
our SS cell lines. While most of these genes were identified
after exogenous SS18-SSX expression induction in various
kinds of cells, the function of SS18-SSX fusion protein is
different according to cellular background (21,23). Thus the
gain of function study in inappropriate cell may not reflect
the function of SS18-SSX protein in SS. Our microarray

analysis showed that silencing of SS18-SSX1 mainly affected
the focal adhesion pathway. In accord with the array data,
silencing of SS18-SSX1 enhances adhesion to the culture dish,
while re-expression of SS18-SSX1 rescued this phenotype. It
has previously been reported that wild-type SS18 promotes
cell adhesion and is involved in cytoskeletal organization
(25,36,37). We confirmed these results finding that wild-type
SS18 expression into SS enhanced adhesion to the culture
dishes. We also found that SS18-SSX1 antagonized wild-type
SS18 in cell adhesion.

Of the 6 focal adhesion pathway genes commonly
upregulated by silencing SS18-SSX1 in this study, MYLK was
found to be downregulated in the tumor formed on SS18-SSX
induction in a conditional mouse model (24). We confirmed
that the protein level of MYLK and the phosphorylation status
of MLC were upregulated by silencing of SS18-SSX1 in all
three SS cell lines. Moreover, MYLK inhibitor blocked
morphological changes and cell adhesion by silencing of
SS18-SSX1. Thus, we speculate that SS18-SSX1 inhibits cell
adhesion at least in part via MYLK suppression. Of note,
SS18-SSX1 silencing did not inhibit but enhanced cell growth
in AskaSS in normal 2D culture plates, while in 3D culture
the silencing of SS18-SSX1 decreased the number of spheres
under non-serum conditions. This suggests that SS18-SSX1 is
not crucial for anchorage-dependent growth but is required
for anchorage-independent growth. The ability of tumor cells
to proliferate in the absence of adhesion to ECM correlates
closely with tumorigenicity in animal models (38). This
property of cancer cells presumably reflects the ability of
tumor cells to survive and grow in inappropriate locations
in vivo, as occurs in invasion and metastasis. MYLK is a target
for p21-activated kinases (PAKs), which decrease MYLK
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Figure 5. Effects of SS18-SSX1 silencing on anchorage-independent growth
in vitro and tumor growth in vivo. (A) Silencing of SS18-SSX1 decreased the
number of spheres in non-serum 3D culture conditions in the presence of
EGF, bFGF, NSF-1, and 0.8% methylcellulose (n=3 in each group). Data are
shown as mean ± SD. *P<0.05 compared with control. (B) Time-dependent
changes in tumor volume. YamatoSS cells (1x107) were subcutaneously
transplanted into the flank of nude mice on day 0. WS containing siRNA-A
or saline alone was intravenously injected three times a week, as indicated
by arrowheads, from day 3 to 24. Nude mice were sacrificed and examined
on day 28 (n=10 in each group). (C) The mean tumor weight was significantly
decreased by treatment with siRNA-A/WS. Data are shown as mean ± SD.
*P<0.05
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activity by phosphorylation of MYLK (39). Current evidence
suggests that PAKs play an important role in anchorage-
independent growth. For example, the kinase-inactive alleles
of PAK1 block Ras transformation of Rat-1 fibroblasts (40),
and the expression of active PAK4 mutant has transforming
potential in NIH3T3 (41). In this study, the expression of
MYLK was downregulated in all three SS cell lines and
upregulated by the silencing of SS18-SSX1 without alteration
of PAK expression. Future investigation will be required to
elucidate the mechanism, how MYLK controls the transfor-
ming activity in SS.

The silencing of gene expression by siRNA is a powerful
tool for genetic analysis. However, delivery of siRNA into
targets in vivo is a major obstacle for RNAi-based therapy.
To overcome this problem, a drug delivery system needs to
(a) protect the siRNA from degradation, (b) suppress non-
specific uptake by non-target tissues, and (c) mediate accumu-
lation of siRNA within the target tissues and cells. WS was
specifically developed to enable systemic delivery of siRNA
(27). WS contains siRNA and a cationic lipofection complex
in a core that is fully enveloped by a neutral lipid bilayer of
hydrophilic polymers. The outer lipid bilayer is composed of
neutral phospholipids and is PEGylated to protect siRNA
from degradation and to inhibit non-specific interactions with
the negatively charged endothelial cell membrane and plasma
proteins. WS has a diameter of 100 nm, which facilitates
accumulation within tumors via the enhanced permeability
and retention effect and suppresses renal excretion and reticulo-
endothelial uptake (26). Tumor growth in mice treated with
siRNA-A/WS showed an initial delay. We consider that treat-
ment with siRNA-A/WS assists in the prevention of initial
establishment of tumors from the injected tumor cells in these
mice and slows the growth of tumors by downregulating the
expression of the oncogenic fusion protein SS18-SSX1.

In conclusion, SS18-SSX1 inhibits adhesion to ECM and
enhances anchorage-independent growth; therefore, siRNA
has potential molecular target therapy for the treatment of
human SS.
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