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Background: Liposarcoma was considered as a soft tissue kind of sarcoma with one-fifth in
the sarcoma cases of adults. The aim of this study was to explore the role and the potential
mechanisms of miR-195 in liposarcoma.

Methods: Quantitative real-time PCR (qQRT-PCR) was conducted to measure the expression of
microRNA-195 (miR-195) and oxysterol-binding protein (OSBP) in liposarcoma. Cell prolif-
eration was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT).
Cell migration was measured by wound healing and transwell assays. Cell cycle phases and
apoptosis were examined using flow cytometry analysis. Caspase-3 activity was detected by
commercial kit. Binding sites between miR-195 and OSBP were predicted through bioinfor-
matics analysis and confirmed by dual-luciferase reporter assay and RNA immunoprecipitation
(RIP). Western blot was used to analyze OSBP level. Xenograft tumor assays were performed to
observe the effect of miR-195 overexpression on tumor growth in vivo.

Results: miR-195 expression was decreased, whereas OSBP was increased in liposarcoma
tissues and cells. Besides, miR-195 upregulation suppressed the proliferative and migrative
abilities and induced inhibition on cell growth and promotion on apoptosis in SW872 and
93T449 cells. Mechanically, miR-195 functioned as a suppressor by regulating OSBP
expression. Furthermore, OSBP overexpression inverted the effects of miR-195 on cell
growth, migration and apoptosis in SW872 and 93T449 cells. miR-195 overexpression
also suppressed tumor growth in vivo.

Conclusion: miR-195 suppressed cell growth, migration and elevated cell apoptosis via
OSBP in liposarcoma.
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Introduction
As we know, liposarcoma was regarded as a soft tissue type of sarcoma.' Other than
primary local disease could be effectively resected by surgery, while the operating
method was not easy to remedy in the cases of metastatic disease, but chemotherapy
or radiotherapy was replenishable. The occurrence rate of liposarcoma was high,
and the molecular mechanisms were few understood by researchers. Liposarcoma
was mainly classified into triple subtypes relying on their histopathological
profiles, namely well-differentiated/de-differentiated liposarcoma, myxoid/round
cell liposarcoma and pleomorphic liposarcoma. The first type of liposarcoma was
resistant to conventional chemotherapy or radiotherapy. Thus, it is meaningful to
explore the novel targets for the treatment of liposarcoma.

Following the exploration for oncogenes and cancer-suppressors, in recent years,
small RNAs including microRNAs (miRNAs) have become novel molecules that
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inhibited cancer progression. miRNAs, with 20-24 nucleo-
tides, could bind to the 3" untranslated region (3'UTR) of
mRNAs to restrain the progression of translation and
mRNA stability.* ® Candidate miRNAs have functioned to
mediate hundreds of transcripts, either directly or
indirectly,” thereby achieving pleiotropic control of cellular
processes. Dysregulated expression of miRNAs existed in
multiple cancers, such as lung cancer, breast cancer, pros-
tate cancer, and gastrointestinal cancers.®’

Disordered miRNAs seemed to be regarded as tumor
suppressors. It was widely reported that restored miRNAs
expression can usually be regarded as tumor therapeutic
agents. Other miRNAs seemed to be oncogenes,'” so anti-
miRNAs'"' could be considered as a therapeutic for cancers
that overexpress the miRNA. In Casadei et al study, he
predicted that miR-25-3p and miR-92a-3p may be useful as
potential biomarkers of liposarcoma, due to the evidence of
secretion through extracellular vesicles.'? Yu et al uncovered
low-expression of miR-133a in human dedifferentiated lipo-
sarcoma tissues and cells. Enforced miR-133a expression
decreased proliferative and glycolytic abilities, impacted
cell cycle progression kinetics, and increased oxidative
phosphorylation.”* In the past few years, miR-195 served
as a tumor suppressor in diversiform cancers, such as
hepatocellular  carcinoma,'® colorectal ~cancer,'® lung
adenocarcinoma,'® pancreatic cancer.'” Yu et al showed
that miR-195 overexpression inhibited the proliferation,
migration, invasion and lipogenesis in pancreatic cancer
cells.'” Chae et al investigated that miR-195 inhibited
SMAD Specific E3 Ubiquitin Protein Ligase 2 (SMURF2)
mRNA expression by binding to its 3'-UTR. In lung cancer
cells, miR-195 mediated SMURF2-dependent TBRI ubiqui-
tination and activated the transforming growth factor-f
(TGF-B) pathway. Also, miR-195 enhanced level reduced
viability, proliferation, and invasion via TGF-§ signaling
activation. In vivo studies of xenograft model revealed the
repressed-effect of miR-195 on tumor growth.'® More impor-
tantly, a previous study identified that miR-195 was down-
regulated in liposarcoma tissues.'® Thus, it was needed to
explore the character and potential mechanism of miR-195 in
liposarcoma.

The eukaryotic gene family consisting of oxysterol-
binding protein (OSBP) and OSBP-related protein (ORP)
were involved in the processes of transporting and metabolism
of sterols and phospholipids.”* OSBP, as the founder member
of the ORP family, was identified as a soluble receptor for
oxysterols (oxidized cholesterol derivatives).”'** OSBP
played an essential part in cell signaling pathways,” as well

as shared a characteristic feature (conserved C-terminal
OSBP-related ligand-binding (ORD) domain)** with ORPs.
Emerging evidence suggested that OSBP appeared to partici-
pate in cancer evolution. For example, OSBP knockdown
apparently blocked cell growth and AKT phosphorylation in
SW872-S cells.”> However, the function of OSBP in liposar-
coma was currently unclear.

In this research, we probed the profile of miR-195 and
OSBP in liposarcoma, bio-functional effects and under-
lying mechanisms of which in liposarcoma.

Materials and Methods

Clinical Samples

Liposarcoma or normal fat tissues were obtained from
patients (N=28) or randomly selected healthy volunteers
(N=8) at Shanghai Public Health Clinical Center, Fudan
University. The Ethics Committee of Shanghai Public
Health Clinical Center, Fudan University approved the
protocol of this study, and written informed consent was
signed by all participants.

Cell Culture and Transfection of

Oligonucleotide and Plasmid

Human SW872 and 93T449 cells (American Type Culture
Collection, ATCC, Manassas, VA, USA) were grown in
Dulbecco’s Modified Eagle Medium (Gibco, Carlsbad, CA,
USA) containing 10% fetal bovine serum and 1% antibiotics
(TaKaRa, Dalian, China). All cells were maintained in a 37°C,
5% CO, incubator. miR-195 (GenePharma, Shanghai, China),
and its corresponding scrambled oligonucleotide sequence
(miR-con, GenePharma), anti-miR-195 (GenePharma) and
its corresponding scrambled oligonucleotide sequence (anti-
miR-con, GenePharma) were transfected into cells using
FECT 4
Brebieéres, France), referring to the protocols of manufacturers.
The full sequences of OSBP were inserted into the pcDNA
vector (Promega, Southampton, UK) to construct OSBP over-

Dharma transfection reagent (Dharmacon,

expression plasmid (OSBP), and nontarget vector (pcDNA)
was used as a negative control.

RNA Isolation and Quantitative
Real-Time PCR (qRT-PCR)

A commercial Total RNA Purification Kit (Norgen Biotek,
Thorold, Canada) was used to extract total RNA from
tissues and cells. Total RNA (1 pg) was used for cDNA
synthesis with Omniscript Reverse Transcriptase (Qiagen,
Hombrechtikon, Switzerland) for OSBP or miScript
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Reverse Transcription Kit (Qiagen) for miR-195. Synthetic
cDNA was then subjected to qRT-PCR using FastStart
SYBR Green Master (Roche, Laval, Canada) on the
Roche Light Cycler 480 System. The relative fold change
was calculated by the 27**“" method with B-actin or U6
for normalization. The following primers (5’ to 3') were as
followed: miR-195-Forward: GGGGAGCCAAAAGGGT
CATCATCT and miR-195-Reverse: GAGGGGCCATCCA
CAGTCTTCT, OSBP-Forward: AGATCCCCATGCCGG
TAAAC and OSBP-Reverse: CGTCCCCAGAAGAGCA
AAGT, B-actin-Forward: GGACAAGGAGGGACCTCT
TC and p-actin-Reverse: GAACATGAGA CACACCT
AGC, U6-Forward: CTCGCTTCGGCAGCACA and U6-
Reverse: AACGCTTCACGAATTTGCGT.

3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide (MTT)
SW872 and 93T449 cells were plated in 96-well cell culture
plates. A 20 pL 5 mg/mL MTT reagent (Sigma, St Louis,
MO, USA) was added into the supernatant of cells. A549
cells were incubated with MTT in the incubator at 37°C with
5% CO, for 4 h. The culture medium was discarded, and
DMSO (Sigma) was used to dissolve formazan crystals.
Absorbance of each well at 490 nm was examined using
a microplate reader.

Wound Healing

Wound healing assays were performed to determine cell
migration. A total of 5x10* cells were plated in each
well of a 6-well plate. Once the confluence had reached
>90%, a 200 pL pipette tip was used to scratch five
wounds in the cell layer. PBS was used to gently remove
floating cells, and serum-free medium containing was
added to each well. The wounds were imaged at 48h
after scratching.

Transwell Assay

The migrated cells were detected by transwell assay using
a 24-Transwell plate (8-um pore size; Corning Inc.,
Corning, Toledo, NY, USA). Briefly, cells (5.0 x 104) in
medium supplemented with 1% FBS were plated into the
upper chamber non-precoated membrane. The medium
containing 15% FBS was added into the lower chamber
as a chemoattractant. After culture for 24 h, the migrated
cells were fixed, stained, and counted under a light micro-
scope (Olympus, Tokyo, Japan).

Cell Cycle

Cells were fixed with ethanol and then incubated with
propidium iodide (PI; Solarbio, Beijing, China) for
25 min. Cells at different phases were measured with
a flow cytometer (Becton Dickinson, San Jose, CA, USA).

Caspase-3 Activity

The two cells of each group were incubated in lysis buffer.
After the centrifugation at 600 g for 5 min, the supernatant
was collected for caspase-3 activity analysis using
a caspase 3 assay kit (Beyotime, Shanghai, China) accord-
ing to the instructions of the manufacturer.

Cell Apoptosis

Apoptosis rate of SW872 and 93T449 cells was assessed
by using Annexin V-FITC/PI Assay Kit (Sigma), follow-
ing the producer’s instructions. With Annexin V-FITC/PI
double-labeling, cell apoptosis was evaluated by a flow
cytometer (BD Biosciences, Basel, Switzerland) with BD
FACSDiva software.

Bioinformatics and Dual-Luciferase

Reporter

Bioinformatic analysis of the direct interacted miRNA target
sites was performed using DIANA online tool (http://diana.
imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/
index). OSBP 3’-UTR wild-type reporter (OSBP-WT) har-
boring the miR-195-5p-binding sequence was constructed

using pmirGLO vector (Promega) as previously described.?®
Site-directed mutants (OSBP-MUT) was constructed using
the Q5 Site-Directed Mutagenesis Kit (New England
Biolabs, Frankfurt, Germany). The constructs were trans-
fected into cells, respectively, together with mimic NC or
miR-195 using DharmaFECT 4 transfection reagent.
Relative luciferase activity was normalized to Renilla luci-
ferase activity at 48 h post-transfection.

RNA Immunoprecipitation (RIP)

RIP assay was conducted applying with Magna RNA immu-
noprecipitation kit (Millipore, Bedford, MA, USA) following
the user’s guideline. In short, harvested SW872 and 93T449
cells were incubated with magnetic beads pre-coated
with antibodies against Argonaute?2 (anti-Ago2; Abcam,
United Kingdom, ab32381) wusing anti-
Immunoglobulin G (anti-IgG; Abcam, ab205718) as the nega-
tive control. After the extraction of RNA, qRT-PCR was used
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for measuring RNA enrichment. Cell lysates un-incubated
with magnetic beads acted as the positive control (In-put).

Western Blot

Western blot assay was carried out as previously described.?’
Total protein (50 ng) was electrophoretically separated and
transferred onto a nitrocellulose membrane (Millipore,
Etobicoke, ON, Canada). Primary antibodies used in the
study included anti-OSBP (ab126182, Abcam, Cambridge,
UK) and anti-B-actin (ab95437, Abcam). The secondary
antibodies included horseradish peroxidase-conjugated goat
anti-rabbit IgG (ab6721, Abcam). Protein bands were deter-
mined using chemiluminescence Plus Detection reagent
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) and the
Image Reader LAS-4000 (Fuji Ltd, Osaka, Japan).

In vivo Assay

The nude mice were obtained from Henan Research Center
(Zhengzhou, Henan, China).
Approximately 2.0x10° SW872 cells stably transfected
with miR-195 or miR-con were subcutaneously injected

of Laboratory Animal

into the nude mice to generate xenograft in vivo (n=8 each
group). After 7 days, tumor volume was detected with
a digital caliper every 7 days. All mice were euthanized
after 35 days, and tumor weight was measured. Our study
was approved by the Animal Care and Use Committee of the
Shanghai Public Health Clinical Center, Fudan University.

Statistical Analysis

Comparison of groups was carried out using a Student’s
t-test or one-way analysis of variance (ANOVA) followed
by Tukey’s test, which was performed by GraphPad Prism
7.0 software (GraphPad Software Inc., San Diego, CA,
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USA). The Spearman test was performed to evaluate the
correlation between miR-195 and OSBP in liposarcoma
tissues. Error bars represented the standard deviations.
Statistical significance was set as P < 0.05.

Results

miR-195 Was Decreased in Liposarcoma
We detected the expression of miR-195 in 28 liposarcoma
tissues from patients and 8 normal fat tissues from volunteers
by qRT-PCR. The result showed that miR-195 expression
was significantly lower in liposarcoma tissues than that in
normal fat tissues (Figure 1A). The low level of miR-195 was
related to the poor overall survival rate (Figure 1B). Overall,
miR-195 might be an indicator of liposarcoma diagnosis.

miR-195 Overexpression Suppressed
Proliferation, Migration and Induced Cell

Apoptosis in SW872 and 93T449 Cells

As shown in Figure 2A, qRT-PCR assay confirmed
a successful overexpression efficiency of miR-195 in
SW872 and 93T449 cells. Moreover, miR-195 upregulation
significantly inhibited cell proliferation in SW872 and
93T449 cells (Figure 2B and C). Wound healing and transwell
assays indicated that overexpression of miR-195 suppressed
cell migration in SW872 and 93T449 cells (Figure 2D and E).
Besides, miR-195 overexpression increased the GO-G1 phase
cells (40% ~ 60%) (Figure 3A and B). The caspase-3 activity
was dramatically upregulated by miR-195 overexpression in
SW872 and 93T449 cells (Figure 3C). Flow cytometry ana-
lysis indicated that miR-195 overexpression promoted cell
apoptosis (Figure 3D). These results showed that miR-195
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Figure | miR-195 was decreased in liposarcoma. (A) qRT-PCR assay was used to measure the expression of miR-195 in liposarcoma tissues (N=28) and normal fat tissues
(N=8). (B) Differences in overall survival (%) were shown with low miR-195 level and high miR-195 level. **P < 0.001.
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overexpression suppressed cell proliferation, migration and
elevated cell apoptosis in SW872 and 93T449 cells.

miR-195 Directly Targeted OSBP

To further explore the regulatory mechanism of miR-195,
we speculated that miR-195 may have a putative binding
site with ZEB1-AS1 by DIANA tool (http://diana.imis.

athena-innovation.gr/DianaTools/index.php?r=tarbase/

index) (Figure 4A). Then, a dual-luciferase reporter assay
was performed and the results indicated that the luciferase
activity of pMIR-REPOR-OSBP-WT was reduced by miR-
195, but the luciferase activity was not changed in SW872
and 93T449 cells co-transfected with pMIR-REPOR-OSBP
-MUT and miR-195 (Figure 4B and C). RIP assay further

confirmed the direct interaction between miR-195 and
OSBP, and a significant amount of miR-195 and OSBP
was detected in Anti-Ago2 compared with negative Anti-
IgG control (Figure 4D and E). Moreover, OSBP protein
level could be restrained by miR-195 overexpression and
elevated miR-195 deletion (Figure 4F and G). Taken
together, miR-195 directly interacted with OSBP.

OSBP Was Increased in Liposarcoma

As shown in Figure 5A and B, qRT-PCR and Western blot
showed that the mRNA and protein expression of OSBP
were enhanced in liposarcoma tissues (Figure 5A and B).
Moreover, OSBP expression was negatively correlated
with miR-195 level (Figure 5C).
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Figure 2 MiR-195 overexpression suppressed proliferation and migration in SW872 and 93T449 cells. SW872 and 93T449 cells were transfected with miR-195 or miR-con,
(A\) its expression was determined by qRT-PCR. (B and C) cell proliferation was measured by MTT. (D and E) cell migration was explored by wound healing and transwell
assays. **P < 0.01 or ***P < 0.001.
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OSBP Rescued the Effects of miR-195 on
Cell Proliferation, Migration and

Apoptosis in SW872 and 93T449 Cells
Then, miR-con, miR-195, miR-195+pcDNA, or miR-195
+OSBP were transfected into SW872 and 93T449 cells.

>

B

Western blot exhibited that OSBP overexpression restored
the expression of OSBP weakened by miR-195 (Figure 6A
and B). Moreover, the inhibition effect of miR-195 on cell
proliferation was reversed by OSBP upregulation (Figure 6C
and D). Consistently, OSBP overexpression could partially
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Figure 5 OSBP was increased in liposarcoma. (A) mRNA expression of OSBP was determined by qRT-PCR in liposarcoma and normal tissues. (B) Protein expression of OSBP
was determined by Western blot in liposarcoma and normal controls. (C) A negative correlation between miR-195 and OSBP was imaged. *P < 0.05, **P < 0.01 or **P < 0.001.
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Figure 6 OSBP rescued the miR-195-induced effects on SW872 and 93T449 cells. SW872 and 93T449 cells were transfected with miR-195 or co-transfected with miR-195
and OSBP. (A and B) The expression of OSBP was measured by Western blot. (C and D) Cell proliferation was detected using MTT. (E-H) Migration was investigated by
wound healing and transwell assays. (I and J) Cell cycle and (M and N) apoptosis were explored by flow cytometry. (K and L) Caspase-3 activity was confirmed by

commercial assay kit. **P < 0.01 or ***P < 0.001.
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restore the suppressive effect of miR-195 upregulation on
cell migration (Figure 6E—H). In terms of miR-195 admini-
strated-cell cycle and apoptosis, OSBP successfully recov-
ered GO-G1 phase arrest (Figure 61 and J), inverted
promoted-apoptotic cells (Figure 6M and N) as well as
enhanced-caspase-3 activity (Figure 6K and L). To sum up,
OSBP could rescue the effects of miR-195 on cell prolifera-
tion, migration and apoptosis in SW872 and 93T449 cells.

miR-195 Overexpression Inhibited Tumor

Growth in Liposarcoma in vivo

Then, we further investigated the effect of miR-195 overex-
pression on tumor growth in xenograft mice in vivo. About
2.0x10° SW872 cells transfected with miR-con or miR-195
were subcutaneously injected into the nude mice. In contrast to
the negative control, miR-195 overexpression significantly
suppressed tumor growth, as evidenced by a decrease of
tumor volume and average weight (Figure 7A and B).
Moreover, miR-195 expression was markedly increased, and
OSBP protein expression was strikingly decreased in tumor
tissues derived from miR-195-transfected SW872 cells
(Figure 7C and D). These data suggested that miR-195 over-
expression might inhibit tumor growth in vivo by sponging
OSBP.

Discussion

A previous paper studied by Li et al*® revealed that miR-195
expression was suppressed in colon carcinoma tissues and
negatively correlated with the metastatic potential. Besides,
miR-195 decreased the proliferative, migrative/invasive capa-
cities of colon cancer cells, while miR-195 inhibition exerted
opposing effects. miR-195 synergized with microtubule-
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targeting agents (MTAs) inhibited the non-small cell lung
cancer cell growth in vitro, while increased miR-195 expres-
sion sensitized NSCLC cells to MTAs and miR-195 repression
conferred resistance to MTAs.* Consistent with Li et al paper,
we initially examined the expression of miR-195 in liposar-
coma tissues from patients, qRT-PCR detection showed that
miR-195 was decreased in tissues of liposarcoma as well as its
suppressed-expression could predict a poor overall survi-
val (%).

To further evaluate the bio-function effects in vitro, we
measured the effects of miR-195 overexpression on prolif-
eration, migration, cell cycle arrest, and apoptosis, the results
confirmed that miR-195 upregulation suppressed prolifera-
tion and migration, and induced cell growth inhibition and
apoptosis in SW872 and 93T449 cells. These data manifested
that miR-195 founctioned as an essential miRNA to regulate
the progression of liposarcoma in vitro. Moreover, miR-195
overexpression significantly repressed tumor growth in vivo.

DIANA software was an online tool, which could be used
to explore downstream genes. As shown in the part of the
research, we tracked that OSBP was a target gene for miR-
195. The dual-luciferase reporter gene assay and RIP assay
verified the interrelationship between miR-195 and OSBP.
Besides, Western blot results indicated that miR-195 nega-
tively regulated the OSBP level in both AW872 and 93T449
cells.

Emerging evidence have demonstrated that OSBP pro-
moted cancer development. Suppression of OSBP signifi-
cantly inhibited cell growth and AKT phosphorylation in
SW872-S cells.”> In our experiments, enhanced levels of
OSBP, both at mRNA and protein levels, were observed in
the liposarcoma tissues. Meanwhile, a negative correlation
between miR-195 and OSBP was found in liposarcoma
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Figure 7 MiR-195 overexpression retarded tumor growth in vivo. (A) Tumor volume was measured every | week (n=6). (B) Tumor average weight was detected and
a representative photograph was captured (n=6). (C) miR-195 level was assessed by qRT-PCR in xenograft tumor tissues. (D) OSBP protein expression was determined by

Western blot. *P < 0.05, **P < 0.001.
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tissues. In the subsequent bio-functional assays, we over-
expressed OSBP expression to examine whether it could
rescue the effect caused by miR-195. As we expected,
OSBP successfully inverted the inhibition on proliferation
and migration and rescued the promotion on apoptosis and
cell cycle arrest (GO-G1) caused by miR-195 upregulation.
However, the study limitation in this research was that com-
mercial cell lines we selected could not represent all kinds of
liposarcoma cells.

Conclusion

We concluded that miR-195 suppressed cell proliferation,
migration and enhanced cell apoptosis via OSBP in
liposarcoma.

Abbreviations
OSBP,
immunoprecipitation.

oxysterol-binding  protein;  RIP, RNA
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