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Myxoid liposarcomas (MLSs) are characterized by t(12;16)(q13;p11) translocation and expression of
TLS-CHOP chimeric oncoprotein. However, the molecular functions of TLS-CHOP have not been fully under-
stood. On the other hand, microRNAs (miRNAs) comprise an abundant class of endogenous small non-
coding RNAs that negatively regulate the expression of their target genes, and are involved in many
biological processes. It is now evident that dysregulation of miRNAs is an important step in the development
of many cancers. To our knowledge, however, there have been no reports of the miRNAs involved in MLS
tumorigenesis and development. In this study, we have found that miR-486 expression was repressed in
TLS-CHOP-expressed NIH3T3 fibroblasts and MLS tissues, and exogenous overexpression of miR-486
repressed growth of MLS cells. Thus, downregulation of miR-486 may be an important process for MLS. In
addition, we have identified plasminogen activator inhibitor-1 (PAI-1) as a novel target gene of miR-486.
PAI-1is a unique type of serine protease inhibitor and is known to be one of the key regulators of tumor inva-
sion and metastasis. Furthermore, knockdown of PAI-1 by a specific small interfering RNA (siRNA) inhibited
growth of MLS cells, suggesting that increased expression of PAI-1 by miR-486 repression is critical for sur-
vival of MLS cells. Collectively, these results suggest a novel essential molecular mechanism that TLS-CHOP

activates PAI-1 expression by repression of miR-486 expression in MLS tumorigenesis and development.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

MLS cases are associated with the chromosomal translocation
t(12;16)(q13.3;p11.2), which creates a chimeric oncogene com-
prising part of the TLS (Translocated in Liposarcoma) gene, also
known as FUS (Fused in Ewing’s Sarcoma), found at 16p11.2 and
part of the CHOP gene, also called DDIT3 (DNA-damage-inducible
transcript 3) and GADD153 (growth arrest- and DNA damage-
inducible gene 153), found at 12q13.3 [1-3]. Originally, TLS is an
RNA-binding protein and is expressed constitutively. N-terminal
part of TLS contains an autonomous transcriptional activation do-
main required for the oncogenic potential of the TLS-CHOP chime-
ric protein [4]. On the other hand, CHOP is a transcription factor
belonging to the (c¢/EBP) family, and has a central role in endoplas-
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mic reticulum (ER) stress and DNA damage response by inducing
cell cycle arrest and apoptosis [5]. The resultant fusion gene TLS-
CHOP encodes the N-terminal half of TLS fused to the complete se-
quence of CHOP. The TLS-CHOP chimeric protein is considered to
function as an abnormal transcription factor, and several TLS-CHOP
target genes that are seemed to be concerned with MLS develop-
ment have been identified [6-9]. The definitive molecular mecha-
nism of MLS tumorigenesis and progression, however, has not been
fully elucidated up to now.

miRNAs are a class of 18-24 nucleotide RNA molecules that
negatively regulate target mRNAs [10]. Dysregulation of miRNA
expression can lead to cellular dedifferentiation, oncogenesis, tu-
mor cell invasion and metastasis [11]. Recently, miR-486 was re-
ported to function as a tumor suppressor by targeting the OLFM4
(Olfactomedin-4) antiapoptotic factor [12]. Downregulation of
miR-486 has been observed in several cancers, breast, lung, gastric,
hepatic, colon, ovarian, testicular and prostate cancers and lym-
phoma [12,13]. However, relationship between miR-486 and MLS
has not been clarified.
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PAI-1, also known as serine/cysteine proteinase inhibitor clade
E member 1 (SERPINE1), plays an important role in the plasmino-
gen activator system, and is involved in various biological pro-
cesses including thrombosis, wound healing, tumor angiogenesis
and degradation of extracellular matrix components [14]. PAI-1
protein levels are usually increased in cancers [15], and high-level
expression of PAI-1 is associated with a poor prognosis in a variety
of cancers [16,17]. Furthermore, high physiological level of PAI-1
was shown to promote tumor invasion and angiogenesis [18],
and siRNA specific for PAI-1 effectively reduced gastric peritoneal
metastasis [19]. Thus, PAI-1 seems to have an important function
in cancer progression and metastasis.

In this study, we have examined miRNA expression profiles in
NIH3T3 cells with or without exogenous TLS-CHOP expression,
and have found that repression of miR-486 expression by TLS-CHOP
is necessary for MLS cell growth. In addition, we have identified a no-
vel miR-486 target gene PAI-1 that may function in the molecular
pathway in MLS. These results should contribute to understanding
of the mechanisms for MLS tumorigenesis and development.

2. Materials and methods
2.1. Cell culture

The myxoid liposarcoma-derived cell line 2645/94 was kindly
provided from Prof. David Ron (University of Cambridge, UK).
NIH3T3 cells were obtained from the ATCC.

2.2. Vector construction and transfection

After polymerase chain reaction (PCR) amplification of a cDNA
fragment containing the full-length coding region of TLS-CHOP
type 2 derived from mRNA of the 2645/94 cells, we cloned the
cDNA into pcDNA3.1(—) (Invitrogen, Carlsbad, CA, USA). 5 ug of
the plasmid was transfected into NIH3T3 cells using FuGENE HD
Transfection Reagent (Roche, Madison, Wisconsin, USA).

Retroviral expression vectors of CHOP and c¢/EBPa-CHOP were
described previously [20]. NIH3T3 cells were infected with culture
supernatants from virus-producing Plat-E cells [21] with polybrene.

2.3. Microarray analysis

MicroRNA microarray analysis was performed as previously de-
scribed [22]. cDNA microarray analysis was performed as previ-
ously described [23]. The data presented in this manuscript have
been deposited in NCBI's Gene Expression Omnibus and are acces-
sible through GEO Series accession number GSE36966.

2.4. siRNA and miRNA transfection

2645/94 cells were transfected with siRNA or miRNA using HiPer-
Fect Transfection Reagent (QIAGEN, Hilden, Germany). The nucleo-
tide sequence of TLS-CHOP siRNA was previously described [9],
and PAI-1 siRNA sequence is 5-GGACAAAACUGGAGAUGCAITAT-
3'. Control siRNA and Synthetic miR-486 (BONAC Corporation, Kur-
ume, Japan) were purchased, and we also used the control siRNA
as negative control oligo in the miRNA transfection experiment.

2.5. Quantitative real-time PCR analysis

Quantitative real-time PCR analysis for miRNAs was performed
as previously described [22]. For mRNA quantification, real-time
PCR analysis was performed as described [24]. We used human
PAI-1 specific primers, 5-CCACAGCTGTCATAGTCTCA-3' and 5'-
GATGCATCTCCAGTTTTGTC-3', and human GAPDH specific primers

[25]. Statistical analysis of data were analyzed with Welch’s t test.
Values of P < 0.05 were considered statistically significant.

2.6. Western blotting

Western blot was performed as previously described [26]. Anti-
CHOP mouse monoclonal antibody and anti-GAPDH (6C5) mouse
monoclonal antibody were used [27].

2.7. Immunofluorescence staining

Immunofluorescence staining was performed as previously de-
scribed [28]. The anti-CHOP antibody was applied at a concentra-
tion of 1:150. After washing with PBS, AlexaFluor 594-conjugated
anti-mouse IgG (1:250, Life technologies) was applied.

2.8. In situ hybridization (ISH) and immunohistochemistry (IHC)

The Ethics Committee of Tokyo Medical University and Tokyo
Metropolitan Cancer and Infectious Diseases Center Komagome
Hospital approved the research protocols for this study. ISH was per-
formed as previously described [25]. The 5’ DIG-labeled ISH LNA
probes used in this experiment is as follows: hsa-miR-486, 5'-
UCCUGUACUGAGCUGCCCCGAG-3’; Scramble-ISH negative control
sequence, 5'-GTGTAACACGTCTATACGCCCA-3'. Staining categories
for ISH of miR-486, negative control staining (—) and positive stain-
ing (from + to +++) (Table 2), was determined as shown in Supple-
mentary Fig. 1.

IHC was performed as previously described [27]. IHC analysis
using anti-human PAI-1 (TJA6) monoclonal antibody (Sanbio B.V.,
Uden, The Netherlands).

2.9. Immunoprecipitation (IP)

To analyze Ago2 associated mRNA, co-IP experiments were per-
formed using an anti-Argonaute 2 (Ago2) antibody (Wako Pure
Chemical Industries, Tokyo, Japan) as previously described [25].
After that, RNA was subjected to quantitative real time PCR analysis
using human PAI-1 specific primers and GAPDH specific primers.

3. Results
3.1. Identification of the microRNAs regulated by TLS-CHOP

To investigate alteration of microRNA expression profile by TLS-
CHOP expression, we first constructed a TLS-CHOP expression vec-
tor. Although 11 types of TLS-CHOP variants are known up to now
[3], the great majority (>50%) of MLSs have type 2 of TLS-CHOP
[27]. Thus, we inserted the cDNA encoding full length of the type
2 variant into the expression vector pcDNA3.1(—). Then, after tran-
sient transfection of the resultant TLS-CHOP expression vector or
parental pcDNA3.1(—) vector as a control into NIH3T3 cells, we
performed microRNA microarray analysis of the cells (Fig. 1A and
B). The results showed that only a small portion of miRNAs were
increased or decreased more than 2-fold by exogenous TLS-CHOP
expression (Table 1). Then, we focused on miR-486 which was
the most significantly downregulated in the result of the micro-
array analysis (Table 1). Real-time PCR analysis confirmed the
downregulation of miR-486 (Fig. 1C). Furthermore, we transfected
2645/94 cells with TLS-CHOP siRNA or a non-targeting control siR-
NA at a final concentration of 100 nM, and compared miR-486
expression levels in the cells with real-time PCR analysis. We found
that TLS-CHOP knockdown by the specific siRNA led to 3-fold in-
crease of miR-486 expression (Fig. 1D). These results indicate that
TLS-CHOP represses miR-486 expression.
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Fig. 1. TLS-CHOP represses miR-486 expression. NIH3T3 cells transfected with TLS-CHOP expression vector or negative control vector were harvested 48 h after transfection.
The expression of transgene was confirmed by Western blotting using TLS-CHOP antibody (A) and Immunofluorescence staining using CHOP antibody (B). Nuclear staining
with 4/, 6-diamidino-2-phenylindole (DAPI) (blue) is also shown. Scale bar, 50 um. 2645/94 cells were also shown as a positive control. (C) Reduction of miR-486 expression
in NIH3T3 cells by exogenous TLS-CHOP expression. Forty-eight hours after transfection with TLS-CHOP expression vector, RNA samples were extracted from the cells and
subjected to quantitative real-time PCR analysis. Data were normalized to the miRNA level of non-treated cells that was arbitrarily set to 1 in the graphical presentation. Bars,
SD. ** and *** indicate P < 0.01 and P < 0.001, respectively. (D) Induction of miR-486 expression in TLS-CHOP-knockdowned 2645/94 cells. 2645/94 cells transfected with TLS-
CHOP siRNA or non-silencing control siRNA were harvested 72 h after transfection. Then, protein and RNA samples were prepared from the cells and subjected to Western
blotting and quantitative real-time PCR analysis, respectively. Bars, SD. **P < 0.01. Western blotting shows TLS-CHOP reduction by specific siRNA. GAPDH is showed as a
loading control. (E) Relative expression level of miR-486 in NIH3T3 infected with retroviruses expressing CHOP or c/EBPo-CHOP determined by quantitative real-time PCR
analysis. ¢c/EBPa-CHOP is a fusion of CHOP to the activation domain of rat c/EBP protein. Bars, SD. * and ** indicate P < 0.05 and P < 0.01, respectively. (F) Expression of miR-486
in MLS and matched non-tumor tissues shown by in situ hybridization. Scale bar, 50 pm.

3.2. Repression of miR-486 expression is not caused by CHOP
overexpression

Although TLS is expressed constitutively, CHOP is normally
expressed at very low levels in normal cells [4,5]. However,
TLS-CHOP that is expressed constitutively in MLS cells includes
full length of CHOP protein. Thus, we next investigated whether
the repression of miR-486 expression is caused by increased
expression of CHOP or not. As shown in Fig. 1E, overexpression
of intact CHOP did not repress miR-486 expression in NIH3T3
cells. In addition, c/EBPa-CHOP fusion protein, which acts similar
to an intact functional complex of CHOP, also did not inhibit
miR-486 expression (Fig. 1E). Thus, downregulation of miR-486
by TLS-CHOP seems to be a specific event by the fusion
oncoprotein.

3.3. Low-level expression of miR-486 in human MLS tissues

Next, we examined miR-486 expression on a MLS tissue micro-
array which contains 4 cases of MLS tissues and 4 cases of matched
non-tumor tissues by ISH. ISH showed that miR-486 expression
levels in all of MLS tissue samples were lower than that in non-tu-
mor tissues (Fig. 1F and Table 2). These results suggest that the
repression of miR-486 expression by TLS-CHOP occurs not only
in cultured cells but also within human MLS tissues.

3.4. Exogenous overexpression of miR-486 inhibits growth of MLS-
derived cells

To investigate the functional significance of miR-486 repression
in MLS, we transfected 2645/94 cells with synthetic miR-486 or
negative control oligo at a final concentration of 100 nM. We ob-
served that the exogenous overexpression of miR-486 inhibited
growth of 2645/94 cells (Fig. 2). Thus, we consider that miR-486
has potential to function as a tumor suppressor, and is required
to be repressed in MLS cells.

Table 1
microRNAs which are up-or down-regulated by TLS-CHOP.

Probe Name TLS-CHOP Control TLS-CHOP/Control
mmu-miR-486 250.26 945.23 0.26
mmu-miR-543 201.25 540.56 0.37
mmu-miR-409 199.18 526.04 0.38
mmu-miR-201 273.54 699.60 0.39
mmu-miR-96 281.18 695.90 0.40
mmu-let-7d* 569.9 1394.47 0.41
mmu-miR-542-5p 471.78 1147.61 0.41
mmu-miR-540 568.47 1324.77 0.43
mmu-miR-499 24417 530.75 0.46
mmu-miR-223 240.31 513.34 0.47
mmu-miR-362 191.33 401.78 0.48
mmu-miR-376¢ 184.81 382.30 0.48
mmu-miR-302c* 213.89 437.89 0.49
mmu-miR-302b* 208.15 416.60 0.50
mmu-miR-547 913.35 421.86 217
mmu-miR-140 1418.69 382.14 3.71
mmu-miR-374-5p 2903.4 662.45 4.38

Table 2

Clinical, Histological, Staining categoies for ISH of miR-486.
Case Histology ISH

miR-486

1 MLS ++
2 MLS ++
3 MLS ++
4 MLS +
5 Non-tumor +++
6 Non-tumor +++
7 Non-tumor +++
8 Non-tumor +++

Week (+), week-moderate (++), moderate-strong (+++).

3.5. PAI-1 is a novel target gene of miR-486 in human MLS

We next performed a whole human genome microarray analy-
sis of 2645/94 cells transfected with synthetic miR-486 or control
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Fig. 2. Exogenous overexpression of miR-486 inhibited growth of MLS-derived
2645/94 cells. (A) Representative phase-contrast images of 2645/94 cells at 72 h
after transfection of synthetic miR-486 or negative control oligo. (B) The cells
transfected with miR-486 or control oligo were harvested at 0, 24, 48, and 72 h after
transfection. Cell numbers in 6 cm dishes at each time point were counted using a
hemocytometer. Bars, SD.

oligo to screen for genes whose expression levels were affected by
miR-486 expression, and identified 1653 genes showing significant
differences in probe intensity of at least 2-fold in the cells.

Then, we classified the 1653 genes according to their putative
Gene Ontology (GO) - cellular component (CP) by using OBO-Edit
software, AmiGO Database (http://amigo.geneontology.org/cgi-
bin/amigo/go.cgi.). The cellular component GO analysis indicated
that the genes associated with cellular membrane were signifi-
cantly affected by exogenous miR-486 (Fig. 3A).

Next, we endeavored to predict the candidate miR-486 target
genes by a computational approach. Microarray analysis showed
that 1221 genes out of the 1653 genes were downregulated by
exogenous miR-486 overexpression (Supplementary dataset 1).
Because miRNAs inhibit translation or promote degradation of
their target mRNAs [10], the 1221 downregulated genes are candi-
dates of direct miR-486 target genes. Among the 1221 genes, only
five genes, PAI-1, SORCS1, LTBP2, CDH7 and TWF1, were listed by
more than two prediction programs (Target scan, miRanda and
DIANA microT) (Fig. 3B and C). Then, to examine whether miR-
486 actually downregulates the five genes or not, we performed
real-time PCR analysis of RNA samples from 2645/94 cells transfec-
ted with miR-486 or control oligo, and only PAI-1 mRNA level was
confirmed to be decreased by exogenous miR-486 expression
(Fig. 3D).

Furthermore, we performed immunoprecipitation (IP) assays
using an anti-Ago2 antibody. Mature miRNAs function in stable
complexes with proteins of the Argonaute (ago) family, the core
of the RNA-induced silencing complex (RISC) [29]. Initially miRNA
targets RISC to mRNAs, and the RISC-mRNA interaction results in
translational repression that may also be accompanied by mRNA
destruction [30]. And Ago2-co-IP approach retains mRNAs contain-
ing miRNA binding sites [31]. Then, we examined PAI-1 mRNA lev-
els in Ago2 IP samples from cell lysates of 2645/94 cells transfected
with miR-486 or control oligo, and found that PAI-1 mRNA was
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Fig. 3. Search for miR-486 target genes. (A) Classification of 1653 genes which exhibited more than two-fold changes in expression between 2645/94 cells transfected with
synthetic miR-486 and control oligo by cellular component gene ontology. (B) The miR-486 target prediction by microarray analysis and three prediction algorithms, Target
scan, miRanda, and DIANA microT. In the 1221 genes that were picked up by microarray analysis, 5 genes were also listed by more than two prediction algorithms. (C) List of 5
candidate target genes of miR-486. Fold changes of gene expression between 2645/94 cells transfected with synthetic miR-486 and control oligo are also shown. (D)
Reduction of PAI-1 mRNA in miR-486-transfected 2645/94 cells. 2645/94 cells transfected with synthetic miR-486 or control oligo were harvested 48 h after transfection.
Then, total RNA was extracted from the cells and subjected to quantitative real-time PCR analysis. Data were normalized to the mRNA level of the cells transfected with
control oligo that was arbitrarily set to 1 in the graphical presentation. Bars, SD. **P < 0.01. (E) Immunoprecipitation assay with an anti-Ago2 antibody. 2645/94 cells
transfected with synthetic miR-486 or control oligo were harvested 17 h after transfection. After IP, RNA was extracted from the resultant samples, and was subjected to
quantitative real-time PCR analysis. Bars, SD. ***P < 0.001. (F) Representative pictures of MLS tissue and matched non-tumor tissue of H&E-stained sections, in situ
hybridization using LNA probe for miR-486, and immunohistochemistry with anti-PAI-1 antibody. Scale bar, 50 pm.
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Fig. 4. Knockdown of PAI-1 expression in 2645/94 cells inhibited cell growth. (A) Reduction of PAI-1 transcript in 2645/94 cells by PAI-1 siRNA. 72 h after siRNA transfection,
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mRNA level of non-treated cells that was arbitrarily set to 1 in the graphical presentation. Bars, SD. **P < 0.01. (B) Representative phase-contrast images of 2645/94 cells at
72 h after siRNA transfection. (C) PAI-1 siRNA inhibited growth of 2645/94 cells. Cell numbers were determined at 72 h after siRNA transfection using a hemocytometer. Bars,

SD. P <0.01.

more abundant in the IP sample from miR-486-transfected cells
than in control oligo-transfected cells (Fig. 3E). These results sug-
gest that PAI-1 is a novel target of miR-486 in MLS cells. In addi-
tion, we confirmed elevated expression of PAI-1 protein in MLS
tissue samples compared with non-tumor tissues by immunohis-
tochemistry (Fig. 3F).

Finally, to obtain clues to the PAI-1 function in MLS cells, we
transfected 2645/94 cells with PAI-1 siRNA at a final concentration
of 50 nM. As shown in Fig. 4, knockdown of PAI-1 by the specific
siRNA repressed growth of 2645/94 cells, suggesting that induction
of PAI-1 expression by repression of miR-486 expression is a criti-
cal mechanism for proliferation of MLS cells.

4. Discussion

In this study, we have revealed that TLS-CHOP significantly re-
presses miR-486 expression (Table 1, Fig. 1). In several human can-
cers including breast, lung, gastric, hepatic, colon, ovarian,
testicular and prostate cancers and lymphoma, miR-486 has been
already known to be downregulated [12,13]. In addition, Oh et al.
reported that restoration of miR-486 expression by transfection
of synthetic miRNA caused suppression of several pro-oncogenic
traits and inhibition of miR-486 expression by transfection of
miR-486 inhibitors (anti-miR-486) enhanced cellular proliferation
in gastric cancer-derived cell lines [12]. Thus, miR-486 seems to
have function as a tumor suppressor. We have also demonstrated
that in MLS cells miR-486 expression was repressed (Fig. 1E, F,
and Table 2), and exogenous overexpression of miR-486 inhibited
MLS cell growth (Fig. 2). Therefore, we consider that repression
of miR-486 expression may be a key process in MLS tumorigenesis
and/or development. Although we focused only on miR-486 in this
report, our microarray analysis demonstrated that expression of
many other miRNAs might also be affected by TLS-CHOP (Table 1).
Thus, it is also possible that at least some of them play a critical
role in some processes in MLS. Further studies are required to elu-
cidate all the details of the miRNA-involving processes. Neverthe-
less, to our knowledge this is the first report demonstrating that
regulation of miRNA expression is involved in MLS tumorigenesis
and/or development.

A previous study demonstrated that the tumor-suppressive ef-
fects of miR-486 are mediated through repression of OLFM4 in gas-
tric cancer [12]. However, OLFM4 was not picked up as a candidate
miR-486 target gene in our microarray analysis using 2645/94 cells
(Fig. 3B and C). On the other hand, we have identified the PAI-1
gene as a novel target of miR-486 (Fig. 3C-F), and have demon-
strated that PAI-1 knockdown by a specific siRNA lead to inhibit

growth of cells (Fig. 4). Both OLFM4 and PAI-1 are known to pro-
mote tumor cell proliferation and invasion by inhibiting apoptosis
[12,18,32,33]. Thus, OLFM4 and PAI-1 may play a similar role in
gastric cancer and MLS, respectively.

Recently, we have revealed that TLS-CHOP represses melanoma
differentiation-associated gene 7 (MDA-7)/interleukin-24 (IL-24)
[9]. MDA-7/IL-24 is known as an anticancer cytokine, and exoge-
nous expression of MDA-7/IL-24 induces growth arrest and apop-
totic cell death in various human malignant cells. These
molecular pathways may be function for maintenance of MLS cell
proliferation. On the other hand, PAI-1 as a TLS-CHOP target iden-
tified in this report is suggested to function in cancer progression
and metastasis [18]. This study may now lead to describe a vague
outline of multistep mechanisms for MLS tumorigenesis, progres-
sion and metastasis. Further studies on the relationship between
the mechanisms are required to make the outline more obvious.

In conclusion, we have revealed that TLS-CHOP induces the
expression of PAI-1, a key regulator of tumor invasion and metas-
tasis, through repression of miR-486 expression. We expect that
understanding of this novel molecular mechanism by TLS-CHOP
may contribute to the development of novel methods for MLS diag-
nosis and treatment.
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