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Abstract

Background

Alveolar soft part sarcoma (ASPS) is an extremely rare metastatic soft tissue tumor with a

poor prognosis for which no effective systemic therapies have yet been established. There-

fore, the development of novel effective treatment approaches is required. Tyrosine kinases

(TKs) are being increasingly used as therapeutic targets in a variety of cancers. The pur-

pose of this study was to identify novel therapeutic target TKs and to clarify the efficacy of

TK inhibitors (TKIs) in the treatment of ASPS.

Experimental design

To identify novel therapeutic target TKs in ASPS, we evaluated the antitumor effects and

kinase activity of three TKIs (pazopanib, dasatinib, and cabozantinib) against ASPS cells

using an in vitro assay. Based on these results, we then investigated the phosphorylation

activities of the identified targets using western blotting, in addition to examining antitumor

activity through in vivo assays of several TKIs to determine both the efficacy of these sub-

stances and accurate targets.

Results

In cell proliferation and invasion assays using pazopanib, cabozantinib, and dasatinib, all

three TKIs inhibited the cell growth in ASPS cells. Statistical analyses of the cell proliferation

and invasion assays revealed that dasatinib had a significant inhibitory effect in cell prolifera-

tion assays, and cabozantinib exhibited marked inhibitory effects on cellular functions in

both assays. Through western blotting, we also confirmed that cabozantinib inhibited c-MET

phosphorylation and dasatinib inhibited SRC phosphorylation in dose-dependent fashion.

Mice that received cabozantinib and dasatinib had significantly smaller tumor volumes than

control animals, demonstrating the in vivo antitumor activity of, these substances.
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Conclusions

Our findings suggest that cabozantinib and dasatinib may be more effective than pazopanib

against ASPS cells. These in vitro and in vivo data suggest that c-MET may be a potential

therapeutic target in ASPS, and cabozantinib may be a particularly useful therapeutic option

for patients with ASPS, including those with pazopanib-resistant ASPS.

Introduction

Alveolar soft part sarcoma (ASPS) is an extremely rare soft tissue tumor that generally occurs

in the extremities of young adults [1–3]. ASPS has a high frequency of metastases to the brain,

lungs, and bones [1–3]. The rate of metastatic disease at the time of diagnosis is reported to be

20%–65% [1–3]. Despite the relatively indolent clinical course of the disease, its prognosis

remains poor owing to the high rate of metastasis, and the 10-year survival rate is 48% [4]. Sur-

gical resection is the only known curative therapy for localized disease, as ASPS has been

shown to be resistant to conventional chemotherapy and radiation [5, 6]. Most patients with

unresectable metastatic ASPS cannot be cured. Novel systemic therapeutic options are there-

fore needed, particularly for advanced cases.

The overall approach to the treatment of cancer is currently undergoing a drastic shift,

from the existing broadly toxic chemotherapeutic agents to molecular-targeted therapy [7].

Tyrosine kinases (TKs) are attractive as therapeutic targets, as aberrant signaling via TKs plays

an important role in the progression of numerous human cancers, despite the fact that TKs

account for less than 1% of all protein kinases [8]. Currently, 90 unique TKs have been identi-

fied in the human genome: 58 receptor-type TKs and 32 nonreceptor-type TKs [9]. TKs are

the most common and successful targets used in rational oncology drug discovery, as repre-

sented by imatinib for chronic myelogenous leukemia and gastrointestinal stromal tumors,

trastuzumab for breast cancers, and gefitinib for lung cancers [10–14].

ASPS is associated with a characteristic chromosomal translocation: der(17)t(X;17)(p11;

q25), resulting in the ASPL-TFE3 fusion gene, which is critical for tumor development [4].

Functional data link the characteristic translocation (ASPL-TFE3) in ASPS to the ASPL-TFE3
fusion gene, which is shown to upregulate the expression of the c-MET receptor TK [15–20].

Furthermore, a recent gene expression profiling study in ASPS revealed that certain TKs (c-

MET and VEGFR) were expressed in ASPS and related to the malignant features of the tumor

cells [15–19, 21, 22]. Therefore, these TKs are expected to be potential therapeutic targets in

ASPS.

Pazopanib was recently approved by the U.S. Food and Drug Administration (FDA) for the

clinical treatment of advanced soft tissue sarcoma. Pazopanib is a novel TK inhibitor (TKI)

that targets PDGFR, VEGFR, and c-kit [23–26]. Some published studies have reported accept-

able response rates of ASPS to treatment with pazopanib, despite the low response rates

observed with most types of soft tissue sarcoma (STS) [23–26]. However, the mechanisms of

action of pazopanib and the responses to the drug in ASPS tumor cell lines have not yet been

explored. In addition, despite the reported findings of some clinical trials in ASPS patients

using TKIs (including tivantinib, bevacizumab, sunitinib, and cediranib) that several TKIs

have an antitumor effect, the effects of these agents in in vitro assays have yet to be demon-

strated [27–32]. At present, the effects of TKIs such as cabozantinib, which targets c-MET,

VEGFR2, FLT3, c-kit and RET; and dasatinib, which targets SRC and ABL, have not been

investigated [33–36].
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In the present study, to identify novel therapeutic targets for TKIs in ASPS, we investigated

the in vitro antitumor activity of the TKIs pazopanib, cabozantinib, and dasatinib, which were

selected based on previous findings in an ASPS human cell line [15–19, 21, 22, 37]. After exam-

ining the in vitro antitumor activities of these agents, in order to elucidate the functions of the

drug effects in vitro and the antitumor activity in vivo, we investigated the phosphorylation

activities of the targetable proteins and the antitumor activity through in vitro assays using

these TKIs.

Materials and methods

Cell line

The ASPS cell line ASPS-KY was kindly provided by the Kanagawa Cancer Center [38–40].

The ASPL-TEF3 fusion gene was confirmed by reverse transcription-polymerase chain reac-

tion (RT-PCR) (S1 Fig). ASPS-KY cells were grown as monolayers in DMEM (Sigma-Aldrich,

St. Louis, MO, USA) supplemented with 10% FBS (Life Technologies, Bethesda, MD, USA)

and maintained at 37˚C in a 5% CO2 incubator.

TKIs

Pazopanib (GW786034) and dasatinib (BMS-354825) and cediranib (S1017) were purchased

from Selleck Chemicals (Houston, TX, USA); cabozantinib (XL-184) was obtained from

ChemScene (Monmouth Junction, NJ, USA); and sunitinib (PZ0012) was purchased from

Sigma-Aldrich. All inhibitors were dissolved in DMSO for the in vitro studies.

Cell proliferation assay

ASPS-KY cells were seeded in 96-well plates at 3000 cells/well and allowed to adhere overnight.

The next day, different concentrations of TKIs or DMSO (as a vehicle control) were added to

each well, and the cells were incubated for another 96 h. After incubation, the Cell Counting

Kit-8 (Dojindo Laboratories, Kumamoto, Japan) reagents were added to each well. After incu-

bation for 2 h, cell proliferation was assessed by measuring the absorbance at 450 nm with a

microplate reader (Tecan Safire, Tecan Group AD, Manndorf, Switzerland).

Matrigel invasion assay

Invasion assays were performed using a 24-well BD BioCoat Matrigel Invasion Chamber (BD

Biosciences, Bedford, MA, USA) in accordance with the manufacturer’s protocol. A total of

2×105 ASPS-KY cells in 0.2% FBS-containing medium were placed in the upper wells of the

chamber. The lower chamber contained medium with 10% FBS. The chambers were treated

with DMSO as a control or with different doses of TKIs. After 48 h of incubation, non-invad-

ing cells were removed from the upper chamber with cotton swabs. The invaded cells were

stained and visualized using a Diff-Quick reagent (Sysmex International Reagents, Kobe,

Japan). The cells were digitally photographed (×200 magnification) and counted. The invasion

index was calculated by comparing the percent invasion of the untreated cells with that of

those treated with a TKI.

Western blot analyses of protein phosphorylation

ASPS-KY cells were starved in serum-free medium overnight. The cells were then incubated

for 2 h with increasing concentrations of TKIs. Only the cells that were scheduled to be

treated with cabozantinib were further stimulated with either 20 ng/mL HGF (R&D Systems,
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Minneapolis, MN, USA) or 50 ng/mL VEGFA (Cell Signaling Technologies, Beverly, MA,

USA) for 10 min.

The proteins were separated via SDS-PAGE and transferred to nitrocellulose membranes,

which were incubated with the following antibodies: antibodies against MET, p-(Tyr1234/

1235)-MET, SRC, p-(Tyr416)-SRC, AKT, p-(Ser473)-AKT, ERK1/2, p-(Thr202/Tyr204)-

ERK1/2, FAK, p-(Tyr397)-FAK (all Cell Signaling Technologies), VEGFR2 (Cell Signaling

Technologies), p-VEGFR2 (Cell Signaling Technologies) and GAPDH (Santa Cruz Biotech-

nology, Santa Cruz, CA, USA). After incubation with the primary antibodies, the membranes

were washed three times with Tris-EDTA buffer and then incubated with horseradish peroxi-

dase-conjugated secondary antibodies (GE Healthcare Biosciences, Piscataway, NJ, USA).

The expression of each protein was detected using an enhanced chemiluminescence system

(ECL Prime; GE Healthcare Biosciences) and the ImageQuant LAS 4000 (GE Healthcare

Biosciences).

In vivo animal models

All animal studies were conducted in accordance with protocols approved by the Institutional

Animal Care and Use Committee of Juntendo University. All animal experiments were also

performed in accordance with the Fundamental Guidelines and Basic Policies for Proper Con-

duct of Animal Experiments of Juntendo University. Mice were housed in individually venti-

lated cages (IVC, Tecniplast, SPA, Varese, Italy) in a specific pathogen-free facility on a 12 h

light/dark cycle with ad libitum access to sterilized standard rodent diet and water. For eutha-

nasia of mice, we used inhalation of carbon dioxide gas. Prior to injection, ASPS cells (5 × 106)

were mixed in PBS with Matrigel (BD Biosciences) at a 1:1 ratio. The cell suspension was

injected subcutaneously (100 μL/mouse) onto the back of 5- to 6-week-old female BALB/c

nude mice (CREATECH, Shizuoka, Japan). When tumors reached approximately 50 to 150

mm3 in size, the mice were randomized into 3 groups (n = 4 per group) that orally received

vehicle, 15 mg/kg of dasatinib or cabozantinib, or 30 mg/kg of dasatinib or cabozantinib (1

group each). All treatments were administered for 4 weeks (5 days/week). Tumor volumes and

body weights were measured every 7 days starting with the first day of treatment. The mice

were sacrificed after 4 weeks of treatment. Solid tumors on the mice were ultimately resected.

Results

In vitro antitumor activity of pazopanib, cabozantinib, and dasatinib in

ASPS cells

We used the TKIs pazopanib, cabozantinib, and dasatinib based on the findings of previous

studies [15–19, 21, 22, 37]. To evaluate whether or not pazopanib, cabozantinib, and dasatinib

inhibited various cellular functions in ASPS cells, we performed in vitro proliferation and inva-

sion assays (Fig 1A–1F). In the cell proliferation assays using the ASPS cell line, pazopanib,

cabozantinib, and dasatinib all inhibited ASPS cell growth in a concentration-dependent man-

ner (Fig 1A, 1C and 1E). Surprisingly, both cabozantinib and dasatinib showed more than 60%

growth inhibition at 40 μM and 10 μM, respectively, while pazopanib demonstrated less than

30% growth inhibition at 100 μM (Fig 1A, 1C and 1E). In the cell invasion assays using the

ASPS cell line, treatment with cabozantinib resulted in a decrease in cell invasion by about

53% at 10 μM; however, neither treatment with pazopanib nor dasatinib showed a significant

inhibitory effect on cell invasion (Fig 1B, 1D and 1F). Based on these results, we concluded

that cabozantinib and dasatinib had more potent effects than pazopanib in regard to inhibiting

the cellular functions in ASPS cells.
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Effect of cabozantinib on c-Met and VEGFR2 activation

In our cell proliferation assays using cabozaninib and targetable genes of cabozantinib, we

investigated whether or not cabozantinib affects c-MET phosphorylation. Treatment with

cabozantinib resulted in complete inhibition of the c-MET phosphorylation stimulated by

HGF at nanomolar concentrations (Fig 2A). This finding suggests that the antitumor activity

of cabozantinib may be mediated by c-MET inhibition. We further investigated the down-

stream activation of AKT and ERK. Dose-dependent dephosphorylation of p-AKT and p-

ERK1/2 were observed in ASPS cells at micromolar concentrations of cabozantinib (Fig 2A).

These findings suggest that cabozantinib may have potential as a therapeutic agent in the treat-

ment of ASPS and that c-MET may be a good therapeutic target in ASPS. With respect to p-

VEGFR2, under VEGFA stimulation, we also confirmed that the expression of VEGFR2 was

inhibited in a dose-dependent fashion by cabozantinib (S2 Fig).

Effect of dasatinib on SRC activation

In our cell proliferation assays using dasatinib and targetable genes of dasatinib, we investi-

gated whether or not dasatinib affects SRC phosphorylation. Treatment with dasatinib resulted

in a tendency toward reduction of SRC phosphorylation (Fig 2B). Furthermore, we found that

FAK phosphorylation was inhibited by dasatinib at nanomolar concentrations (Fig 2B). These

results suggest that the antitumor activity of dasatinib might be mediated by SRC inhibition.

Based on these findings, dasatinib may have potential as a therapeutic agent in the treatment

of ASPS, and SRC may be a good therapeutic target in ASPS.

Effect of cabozantinib and dasatinib on the growth of ASPS cells in vivo

To evaluate the in vivo antitumor efficacy of cabozantinib and dasatinib in ASPS cells, BALB/c

nude mice inoculated subcutaneously with ASPS cells were treated with daily oral cabozanti-

nib (15 or 30 mg/kg) or dasatinib (15 or 30 mg/kg). We measured the tumor volumes every 7

days. In the in vivo assays, the mice that received cabozantinib had smaller tumor volumes

than the control animals at week 4, as did the mice that received dasatinib (Fig 3A and 3D).

Discussion

As ASPS is an extremely rare malignant tumor with a poor prognosis, the identification of

potential therapeutic targets is necessary [1–3]. TKs are critical therapeutic targets in various

cancers, and the utilization of several TK targets has dramatically changed cancer treatment

strategies, such as the application of imatinib for chronic myelogenous leukemia and gastroin-

testinal stromal tumors, trastuzumab for breast cancers, and gefitinib for lung cancers [10–14].

Pazopanib was recently approved by the U.S. FDA for the clinical treatment of advanced STS.

Pazopanib is a novel TKI that targets PDGFR, VEGFR, and c-kit [23, 25]. Some studies have

reported acceptable response rates of ASPS to pazopanib treatment despite the low response

rates of most types of STS [24–26]. Nakamura et al. revealed that 4 of 12 (33.3%) cases of ASPS

Fig 1. The results of in vitro proliferation and invasion assays in ASPS cells treated with three TKIs

(pazopanib: A and B, cabozantinib: C and D, dasatinib: E and F). Cell proliferation assays were performed

using each of the TKIs (pazopanib: A, cabozantinib: C, dasatinib: E). In these assays, pazopanib had no

significant effect on cell proliferation (A), while cabozantinib and dasatinib led to significant inhibition of cell

growth compared to control cells (C and E). Cell invasion assays were also performed using each of the TKIs

(pazopanib: B, cabozantinib: D, dasatinib: F). These invasion assays revealed that pazopanib and dasatinib

had no significant effect on cell invasion (B and F), although cabozantinib significantly inhibited cell invasion

compared to control cells (D) (ns: not significant, **: p < 0.01, *: p < 0.05 by Student’s t-test).

https://doi.org/10.1371/journal.pone.0185321.g001

Discovery of therapeutic targets including tyrosine kinase inhibitors in alveolar soft part sarcoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0185321 September 25, 2017 6 / 15

https://doi.org/10.1371/journal.pone.0185321.g001
https://doi.org/10.1371/journal.pone.0185321


Discovery of therapeutic targets including tyrosine kinase inhibitors in alveolar soft part sarcoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0185321 September 25, 2017 7 / 15

https://doi.org/10.1371/journal.pone.0185321


achieved partial response (PR), while only 13 of 156 (8.3%) cases consisting of several histolog-

ical types of STS achieved PR with pazopanib treatment [25]. Other case reports have also

described the benefits of treatment with pazopanib in ASPS [24, 26].

In the present study, pazopanib inhibited cell growth in ASPS cells. In statistical analyses of

cell proliferation and invasion, pazopanib showed an inhibitory tendency in both assays. Based

on gene expression profiles in previous studies, ASPS shows high expression of VEGF and

VEGFR [15, 16, 19]. Therefore, pazopanib might inhibit cell growth in ASPS through both

VEGF and VEGFR. Surprisingly, in vitro studies of pazopanib, cabozantinib, and dasatinib

have found that both cabozantinib and dasatinib showed significant inhibitory effects on ASPS

despite pazopanib’s lack of significant suppression of cell growth. Based on ASPS gene expres-

sion profiles and the TK targets of cabozantinib and dasatinib described in previous studies,

we verified the functional effects of cabozantinib against c-MET and dasatinib against SRC

[15–19, 21, 22, 37]. We found that cabozantinib completely inhibited c-MET phosphorylation

and that dasatinib inhibited Src phosphorylation in ASPS cells. Given these findings, we

believe that cabozantinib and dasatinib may suppress ASPS cell growth.

Cabozantinib/XL184 is a small-molecule inhibitor that simultaneously targets c-MET,

VEGFR2, FLT3, c-Kit, and RET [34, 36, 41]. In our study, treatment of ASPS cells with cabo-

zantinib resulted in marked inhibitory effects on cell proliferation and invasion. Cabozantinib

also inhibited c-MET phosphorylation in a concentration-dependent manner [34, 36]. MET is

a gene encoding the TK receptor and proto-oncogene c-MET [34, 36]. Several studies have

reported that c-MET is overexpressed in ASPS [15–19, 21, 22], and ASPS samples have shown

c-Met activation [20, 42]. Functional data link the characteristic translocation (ASPL-TFE3) in

ASPS to the ASPL-TFE3 fusion gene, which is shown to upregulate the expression of the c-

MET receptor TK [15–19, 21, 22] Furthermore, MET has been revealed to be a direct tran-

scriptional target of ASPL-TFE3. In addition, ASPL-TFE3 binds to strongly activates the MET

promoter [15–19, 21, 22]. c-MET is activated by HGF, resulting in autophosphorylation of the

receptor [20, 43]. Aberrant activation of HGF/MET signaling is involved in core oncogenic

phenotypes, such as uncontrolled cell proliferation, invasion, and metastasis [20, 43]. These

findings are consistent with the results of our study. These present and previous data suggest

that cabozantinib may regulate ASPL-TFE3 via the MET pathway. Regarding clinical trials

related to targeting c-MET, a phase II clinical trial of tivantinib (ARQ 197) for the treatment of

patients with ASPS reported progressive disease in 19% and stable disease in 78% of the 27

patients in whom efficacy could be evaluated [27]. However, disease stabilization in a single-

arm study of tivantinib in a population with an indolent disease does not meet the criteria for

demonstrating clinical activity [27]. In addition, recent studies have indicated that tivantinib

has additional mechanisms of action, other than MET, that may account for its antitumor

activity [44–46]. Clinical trials using tivantinib, therefore, have not yet clarified the potential

anti-tumor activity and feasibility of the MET inhibitor in ASPS. Our findings may therefore

suggest the need for a clinical re-trial using MET inhibitor in ASPS. In addition, the present

and previous findings may also contribute to the development of cabozantinib as a potent

drug for the treatment of ASPS and suggest that c-MET may be a novel therapeutic target in

ASPS.

Fig 2. Effects of TKIs on tyrosine phosphorylation and a TK expression analysis by western blot in an ASPS

cell line. A: TK phosphorylation assays demonstrated that c-MET stimulated by HGF was inhibited by cabozantinib at

increasing concentrations in ASPS cells. Regarding downstream activation of AKT and ERK, cabozantinib inhibited

dose-dependent dephosphorylation of p-AKT and p-ERK1/2. B: In the TK phosphorylation assay of SRC using dasatinib,

SRC was inhibited by dasatinib. FAK phosphorylation was inhibited by dasatinib at nanomolar concentrations.

https://doi.org/10.1371/journal.pone.0185321.g002
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Dasatinib is a Bcr-Abl TKI and SRC family TKI [33, 35] that has been approved for chro-

nic myelogenous leukemia and Philadelphia chromosome-positive acute lymphoblastic leu-

kemia [33, 35]. It is also being evaluated for its utility in several other cancers, including

advanced prostate cancer [33, 35]. In vitro assays against ASPS cells showed that cell growth

was significantly suppressed in the dasatinib-treated cells compared with the control cells. Fur-

thermore, dasatinib also inhibited src phosphorylation in a concentration-dependent manner

and demonstrated positive results in in vivo assays. Given these findings, we suspected that

dasatinib might suppress growth, and therefore might be a potentially effective candidate drug

for ASPS. Regarding suppression of the tumor function by dasatinib, in function studies of

ASPS, a genome-wide location analysis of ASPS tumor samples and cell lines expressing

ASPSCR1–TFE3 defined a subset of approximate 400 genes as putative regulated direct targets

of ASPSCR1–TFE3, including c-MET [17]. In validating the approach to identify genuine

ASPSCR1–TFE3 target genes, two upregulated genes (CYP17A1 and UPP1) were shown by

multiple lines of evidence to be direct, endogenous targets of transactivation by ASPSCR1–
TFE3 [17]. In gene expression studies of SRC transformed by several cells, the genes IL8/CEF4,

VIP, HMOX1, PLCPI, and UPP1 were identified as signature SRC aggressive tumor genes [17,

37]. Furthermore, a bioinformatic analysis of gene expression regarding ASPL-TFE3 fusion in

ASPS identified several potential therapeutic targets [15]. That study identified CCL4 and

CDC6, which are located in the TFE3 neighboring cytogenetic band at chr17q21 as possible

targets of treatment. CCL4 was shown to have cellular functions related to protein tyrosine

kinase activity linked to this chemokine family, including the SRC kinase Lyn, PI3K, focal

adhesion related kinase Pyk2, and members of the MAPK family. Therefore, the study sup-

posed that associations between the chemokine family, including SRC and ASPL-TFE3, might

lead to the identification of useful candidates for novel therapeutic targets. These present and

previous data suggest that dasatinib might suppress cell growth through CLL4, SRC, UPP1,

and ASPSCR1–TFE3.

Recently, certain clinical trials have reported the efficacy of anti-angiogenic agents includ-

ing sunitinib and cediranib in ASPS [29, 30, 47]. Sunitinib is an oral, multi-targeted TKI tar-

geting KIT, PDGFRs, VEGFRs, FLT3, and RET [29, 47]. Cediranib is an orally bioavailable

inhibitor of all VEGFRs [30]. Therefore, we verified and compared the antitumor activities of

five drugs—pazopanib, cabozantinib, dasatinib, cediranib, and sunitinib—in ASPS cell lines

(S1 Table). The half maximal inhibitory concentration (IC50) values showed that both cedira-

nib and sunitinib had significantly great antitumor activity against ASPS according to the

results of these clinical trials. These present and previous findings suggest that both cediranib

and sunitinib may be effective in the treatment of ASPS.

In conclusion, our results showed that cabozantinib and dasatinib exhibited antitumor

activity by inhibiting either or both of the growth and invasion of ASPS cells, in part through

their respective inhibition of c-MET and SRC. These present and previous data suggest that c-

MET is likely the major target in ASPS cells. These findings suggest that cabozantinib may be a

useful therapeutic option in patients with ASPS, particularly those with tumors resistant to

pazopanib.

Fig 3. Both cabozantinib and dasatinib significantly inhibited tumor growth of ASPS cells in vivo. (A) (D) Calculated tumor

volume of ASPS-KY xenografts in BALB/c nude mice treated with vehicle or dasatinib, or cabozantinib, respectively, as measured by

digital Vernier calipers is shown (ns: not significant, **: p < 0.01 by Student’s t-test). (B) (E) Weight of mice treated with vehicle or

dasatinib or cabozantinib measured every week for 4 weeks is shown. There were no differences in the weight of the mice between

the drug treatment groups and vehicle groups. (C) (F) Representative resected tumors from vehicle-treated mice (right), 15 mg/kg

dasatinib- or cabozantinib-treated mice (middle) and 30 mg/kg dasatinib- or cabozantinib-treated mice (left) after 4 weeks’

administration show the difference in tumor size. These results revealed significant associations between treatment and tumor

growth.

https://doi.org/10.1371/journal.pone.0185321.g003
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Supporting information

S1 Fig. T-PCR of ASPL-TFE3 fusion in ASPS-KY cell line. A: ASPL-TFE3 and B: GAPDH.

RNA was extracted from the ASPS-KY cell line and ASPS surgical material using an RNeasy

Plus Mini kit (Qiagen, Hilden, Germany), and first-strand synthesis was performed using 5 μg

of RNA and the SuperScript1 IV First-Strand Synthesis System (Thermo Fisher Scientific,

Waltham, MA, USA). We performed RT-PCR analyses to evaluate the expression of ASPL-

TFE3 and GAPDH using PCR SuperMix (Thermo Fisher Scientific). The human ASPL-TFE3

primer sequences were as follows: 5’- CCAAGCCAAAGAAGTCCAAG -3’ and 5’- CAAGCA
GATTCCCTGACACA-3’.Human GAPDH was used as a loading control, with primers as

follows: 5’-GAAGGTGAAGGTCGGAGTC3’ and 5’- GAAGATGGTGATGGGATTT-3’. The

ASPL-TFE3 fusion gene was confirmed in the ASPS-KY cell line.

(PPTX)

S2 Fig. Effects of cabozantinib on VEGFR2 phosphorylation and a VEGFR2 expression

analysis by western blotting in ASPS cell line. We also investigated whether or not cabozanti-

nib inhibits VEGFR2 phosphorylation in ASPS cells. We confirmed that the expression of

VEGFR2 phosphorylation stimulated by VEGFA was dose-dependently inhibited by cabozan-

tinib.

(PPTX)

S1 Table. IC50 values of TK inhibitors. Pazopanib (GW786034), dasatinib (BMS-354825),

and cediranib (S1017) were purchased from Selleck Chemicals (Houston, TX, USA). Cabozan-

tinib (XL-184) was obtained from ChemScene (Monmouth Junction, NJ, USA). Sunitinib

(PZ0012) was purchased from Sigma Aldrich (St. Louis, MO, USA). ASPS cells were seeded

into 96-well plates at 3000 cells/well. The next day, different concentrations of inhibitors or

DMSO (as a vehicle control) were added to each well. After 96 h, the inhibitory effect of these

inhibitors on the growth of ASPS cell lines was assessed using an Alamar Blue cell viability

assay (Thermo Fisher Scientific). The IC50 was calculated using the GraphPad Prism software

program (GraphPad Software, Inc., San Diego, CA, USA).

(PPTX)
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