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Overexpression of miR-100 inhibits growth
of osteosarcoma through FGFR3
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Abstract Osteosarcoma (OS) is a prevalent, fast growing
cancer. Identification of molecular regulation of OS growth
may result in development of a novel therapy. Previous studies
have highlighted a role of microRNAs (miRNAs) in the reg-
ulation of the carcinogenesis of OS, whereas the underlying
mechanisms are not completely understood. Moreover, a role
of miR-100 in the growth control of OS is not clear. Here we
reported significantly higher levels of fibroblast growth factor
receptor 3 (FGFR3) and significantly lower levels of miR-100
in the OS specimen, compared to those in the paired normal
bone tissues. Bioinformatics analysis and luciferase reporter
assay suggest that miR-100 binds to the 3′UTR of FGFR3
mRNA to prevent its translation. To prove it, we modified
miR-100 levels in OS cells. We found that overexpression of
miR-100 in OS cells decreased FGFR3 protein levels, where-
as inhibition of miR-100 increased FGFR3 protein levels,
without affecting FGFR3 transcripts. Moreover, overexpres-
sion of miR-100 suppressed the OS growth in vitro and
in vivo, while inhibition of miR-100 significantly increased
OS growth. Taken together, our data demonstrate that miR-
100 may inhibit the growth of OS through FGFR3.
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Introduction

Osteosarcoma (OS) is a prevalent primary bone malignancy
and accounts for more than half of all malignant childhood
bone tumors [1–6]. Although combined chemotherapy and
surgery have been applied, the 5-year survival of patients re-
mains pretty low [1–6]. Therefore, for controlling and treating
osteosarcoma, new therapeutic targets are extremely needed.
A number of human OS cell lines have been established,
among which U2OS [7] cell line has been extensively charac-
terized and widely used in research.

MicroRNAs (miRNAs) are a class of small, noncoding
RNAs that regulate various biological processes [8–10]. Inter-
estingly, bioinformatics approaches have predicted one third
of all mammalian genes to be targeted and regulated by
miRNAs [8–10]. Previous studies have shown that aberrant
miRNA expression could impact normal biological processes,
resulting in OS initiation and progression [11–15]. However, a
role of miR-100 in the carcinogenesis of OS has not been
studied.

The fibroblast growth factor receptors (FGFRs) have
four different isoforms named 1–4. These FGFRs bind
to more than 20 ligands from the members of the FGF
family, and these signaling pathways have been reported
to be involved in carcinogenesis of various cancers
[16–18]. The FGFRs consist of a cellular ligand domain
composed of three immunoglobulin-like domains, a sin-
gle transmembrane helix domain, and an intracellular
domain with tyrosine kinase activity [16–19]. The phos-
phorylation of FGFRs by FGFs initiates biological ef-
fects through activation of different signaling pathways
including the phosphatidylinositol 3-kinase (PI3K) path-
way, the extracellular-related kinase/mitogen-activated
protein kinase (ERK/MAPK) pathway, and the Jun N-
terminal kinase (JNK) pathway [20–22]. FGFR3 is

* Yang Cao
cao_yang15@163.com

1 Department of Orthopedics, The First Affiliated Hospital of Liaoning
Medical University, 5-2, Renmin Street, Jinzhou 121000, China

2 Department of Oncology, The First Affiliated Hospital of Liaoning
Medical University, Jinzhou 121000, China

Tumor Biol. (2015) 36:8405–8411
DOI 10.1007/s13277-015-3581-1



overexpressed in some cancers to enhance tumor
growth, whereas a specific function of FGFR3 in the
tumor growth of OS is not completely clarified [23–25].

Here we reported significantly higher levels of FGFR3 and
significantly lower levels of miR-100 in the OS specimen,
compared to those in the paired normal bone tissues. Bioin-
formatics analysis and luciferase reporter assay suggest that
miR-100 binds to the 3′UTR of FGFR3 mRNA to prevent its
translation. To prove it, we modified miR-100 levels in OS
cells. We found that overexpression of miR-100 in OS cells
decreased FGFR3 protein levels, whereas inhibition of miR-
100 increased FGFR3 protein levels, without affecting
FGFR3 transcripts. Moreover, overexpression of miR-100
suppressed the OS growth in vitro and in vivo, while inhibi-
tion of miR-100 significantly increased OS growth. Taken
together, our data demonstrate that miR-100 may inhibit the
growth of OS through FGFR3.

Materials and methods

Patient tissue specimens

A total of 30 resected specimens from OS patients were col-
lected for this study. OS specimen was compared with the
paired normal bone tissue (NT) from the same patient. All
specimens had been histologically and clinically diagnosed
at the Department of Orthopedics, the First Affiliated Hospital
of Liaoning Medical University from 2005 to 2014. For the
use of these clinical materials for research purposes, prior
patient’s consents and approval from the Institutional Re-
search Ethics Committee were obtained.

Culture of human OS cell line

U2OS is a widely used human OS line purchased from Amer-
ican Type Culture Collection (ATCC; Rockville, MD, USA),
and has been described [7]. U2OS cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM; Invitrogen,
Carlsbad, CA, USA) supplemented with 20 % fetal bovine
serum (Invitrogen).

Animal manipulation

All animal procedures in the current study have been ap-
proved and conducted by the Institutional Review Boards of
the First Affiliated Hospital of Liaoning Medical University.
Female NOD/SCID mice were purchased from Charles River
Laboratories (China), kept pathogen free, and used for study at
12 weeks of age. Luciferase-carrying U2OS cells (U2OS-
LUC-2A-GFP) of 106 were injected subcutaneously to form
a tumor in NOD/SCIDmice. Adeno-associated viruses (AAV)

of 109 were injected in 100 μl solution directly into the im-
planted tumor.

Transfection of U2OS cells in vitro

U2OS cells were transfected with a miR-100 construct, or an
antisense (as) of miR-100, or a scramble sequence (scr) as a
control, and after which the transfected cells were purified
based on green fluorescence protein (GFP) to generate
U2OS-miR-100, U2OS-scr, or U2OS-as-miR-100 cells, re-
spectively. The miR-100 sequence is 5′- AACCCGUAGA
UCCGAACUUGUG-3′, miR-100 antisense sequence 5′-CA-
CAAGUUCGGAUCUACGGGUU-3′, and control sequence
5′-UUUAGCGCCGAAAAGUAAUG-3′. Transfection was
performed with Lipofectamine 2000 Reagent (Invitrogen), ac-
cording to manufacturer’s instructions.

Transduction of U2OS with AAV

U2OS cells were transduced with an AAV carrying luciferase
and GFP construct (connected with a 2A sequence), to allow
in vivo tracing in mice and purification of transduced cells by
flow cytometry, respectively. Briefly, human embryonic kid-
ney 293 cell line (HEK293) was used. We used a pAAV-
CMV-LUC-GFP plasmid (Clontech, Mountain View, CA,
USA), a packaging plasmid carrying the serotype 8 rep and
cap genes, and a helper plasmid carrying the adenovirus help-
er functions (Applied Viromics, LLC. Fremont, CA, USA) in
this study. AAV was prepared by triple transfection of the
newly prepared plasmids, R2C8 (containing AAV2 Rep and
AAV8 capsid genes) and plAd5 (containing adenovirus helper
genes), into HEK293 cells by Lipofectamine 2000 Reagent
(Invitrogen). The viruses were purified using CsCl density
centrifugation and then titered by a quantitative densitometric
dot-blot assay. Then, the U2OS cells were incubated with
AAVat a MOI of 100 for 12 h.

Luciferase reporter activity assay

Luciferase reporters were successfully constructed using mo-
lecular cloning technology. Target sequence was inserted into
pGL3-Basic Vector (Promega, Madison, WI, USA) to obtain
pGL3-FGFR3-3′UTR, which contains the miR-100 binding
sequence (FGFR3-3′UTR sequence). U2OS-miR-100,
U2OS-scr, or U2OS-antisense (as)-miR-100 cells were seeded
in 24-well plates for 24 h, after which they were transfected
with 1 μg of luciferase reporter plasmids per well using PEI
Transfection Reagent. Then, luciferase activities were mea-
sured using the dual-luciferase reporter gene assay kit
(Promega), according to manufacturer’s instructions.
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Imaging of the implanted tumor by bioluminescence

The tumor growth in the living animals wasmonitored and quan-
tified by luminescence levels. Bioluminescence was measured

with the IVIS imaging system (Xenogen Corp., Alameda, CA,
USA). All of the images were taken 10 min after intraperitoneal
injection of luciferin (Sigma-Aldrich) of 150mg/kg bodyweight,
as a 60-s acquisition and 10 of binning. During image
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Fig. 1 High levels of FGFR3 and
low levels of miR-100 are
inversely correlated in OS. We
examined the FGFR3 levels and
miR-100 levels in the resected OS
specimens from 30 patients, and
compared to those in the paired
normal bone tissue (NT). a–b We
detected significantly higher
levels of FGFR3 by a Western
blot and significantly lower levels
of miR-100 by b RT-qPCR, in the
OS samples. c A strong inverse
correlation was detected between
FGFR3 and miR-100 in OS
specimen (R=−0.84, p<0.0001).
*p<0.05
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Fig. 2 MiR-100 targets 3′UTR of FGFR3 to inhibit its expression. a
Bioinformatics analyses of FGFR3 target sequence show that the miR-
100 binds to two sites at 3′UTR of FGFR3 mRNA. b–c We
overexpressed or inhibited miR-100 expression in a human OS cell
line, U2OS, to obtain U2OS-miR-100 and U2OS-as-miR-100 cells. The

cells transduced with a control plasmid carrying a scramble sequence
(U2OS-scr). b RT-qPCR on miR-100. c U2OS-miR-100, U2OS-scr,
and U2OS-as-miR-100 cells were transfected with 1 μg of FGFR3-3′
UTR luciferase reporter plasmid. The luciferase activities in these cells
were then evaluated. *p<0.05
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acquisition, mice were sedated continuously via inhalation of
3% isoflurane. Image analysis and bioluminescent quantification
were performed using Living Image Software (Xenogen Corp).

Quantitative PCR (RT-qPCR)

MiRNA and total RNA were extracted from cultured
cells with miRNeasy mini kit or RNeasy kit (QIAGEN,
Hilden, Germany), respectively, and used for cDNA
synthesis. Quantitative PCR was performed in duplicates
with QuantiTect SYBR Green PCR Kit (QIAGEN). All
primers were purchased from QIAGEN. Values of genes
were normalized against β-actin and then compared to
controls.

Western blot

The protein was extracted from the resected OS specimen
or adjacent normal bone tissue (NT), or cultured cells.
Primary antibodies were anti-FGFR3 and anti-β-actin (Cell
Signaling, San Jose, CA, USA). β-actin was used as a
protein loading control. Secondary antibodies were HRP-
conjugated anti-rabbit and were all purchased from Jack-
son Immuno Research Labs (West Grove, PA, USA). The
protein levels were first normalized to β-actin and then
normalized to control, quantified by NIH ImageJ software
(Bethesda, MA, USA).

Statistical analysis

All statistical analyses were carried out using the SPSS 17.0
statistical software package. All values are depicted as mean±
standard deviation and are considered significant if p<0.05. All
data were statistically analyzed using one-way ANOVA with a
Bonferroni correction, followed by Fisher’s exact test to compare
two groups.

Results

High levels of FGFR3 and low levels of miR-100 are
inversely correlated in OS

We examined the FGFR3 levels and miR-100 levels in the
resected OS specimens from 30 patients, and compared to
the paired normal bone tissue (NT). We detected significantly
higher levels of FGFR3 by Western blot (Fig. 1a) and signif-
icantly lower levels of miR-100 by RT-qPCR (Fig. 1b), in the
OS samples. Moreover, a strong inverse correlation was de-
tected between FGFR3 and miR-100 in OS specimen (Fig. 1c,
R=−0.84; p<0.0001), suggesting a causal relationship.

MiR-100 targets 3′UTR of FGFR3 to inhibit its expression

Based on our findings in the patients’ samples, we performed
bioinformatics analysis of FGFR3 target sequence, which
shows that miR-100 binds to 3′UTR of FGFR3 mRNA at
the 537th-544th base site (Fig. 2a). To prove the effect, we
used a human OS cell line, U2OS, in our study.We transfected
U2OS cells with either miR-100 or antisense for miR-100 (as-
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Fig. 4 MiR-100 inhibits OS growth in vitro. In an MTT assay, the
increases in cell number of U2OS-as-miR-100 cells were significantly
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activities in U2OS-miR-100 cells were significantly lower than those in
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miR-100). U2OS cells were also transfected with a scramble
sequence as a control (scr). Modulation of miR-100 levels in
U2OS cells was confirmed by RT-qPCR (Fig. 2b). Then,
U2OS-miR-100, U2OS-scr, and U2OS-as-miR-100 cells
were transfected with 1 μg of FGFR3-3′UTR luciferase re-
porter plasmid. We found that the luciferase activities in
U2OS-as-miR-100 cells were significantly higher than those
in the control, while the luciferase activities in U2OS-miR-
100 cells were significantly lower than those in the control
(Fig. 2c). These data suggest that miR-100 targets 3′UTR of
FGFR3 to inhibit its translation.

MiR-100 decreases FGFR3 protein but does not affect
its transcription

Since FGFR3 is well known to promote tumor growth, and
specifically express in OS cells, we were thus prompted to
evaluate whether FGFR3 may be regulated by miR-100 in
OS cells. We found that although the FGFR3 transcripts did
not change by miR-100 levels (Fig. 3a), the protein levels of
FGFR3 in miR-100-overexpressing U2OS cells were signifi-
cantly decreased, while the protein levels of FGFR3 in miR-

100-depleted U2OS cells were significantly increased
(Fig. 3b). These data suggest that the translation of FGFR3
in OS cells may be regulated by miR-100.
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growth was monitored and quantified by luminescence levels. We
detected significant lower tumor growth in AAV-as-miR-100-injected
mice and significant higher tumor growth in AAV-miR-100-injected
mice, compared to that in controls. *p<0.05
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MiR-100 inhibited OS growth in vitro

Then, we examined whether the effects of miR-100 on
FGFR3 may result in changes in cell growth in OS cells. In
an MTT assay, the increases in cell number of U2OS-as-miR-
100 cells were significantly higher than that of the control
U2OS-scr cells, while the luciferase activities in U2OS-miR-
100 cells were significantly lower than those in the control
U2OS-scr cells (Fig. 4). These data suggest that miR-100
inhibits OS growth in vitro.

Suppression of miR-100 inhibits OS cell growth in vivo

U2OS cells were transfected with a plasmid with luciferase
and GFP construct (U2OS-LUC-2A-GFP), to allow in vivo
tracing after purification of transduced cells by flow cytometry
(Fig. 5a–b). We used 30 female NOD/SCID mice that were
randomly separated into three groups of ten each. All the mice
received subcutaneous injection of 106 U2OS-LUC-2A-GFP
cells to form OS. One month later, these mice received injec-
tion of either AAV-miR-100 or AAV-as-miR-100 or AAV-scr
as a control. After 4 weeks, the tumor growth was monitored
and quantified by luminescence levels. We detected signifi-
cant greater tumor growth in AAV-as-miR-100-injected mice
and significant lower tumor growth in AAV-miR-100-injected
mice, compared to controls (Fig. 5c–d), suggesting that inhi-
bition of miR-100 suppresses OS cell growth in vivo. Our
study thus demonstrates that miR-100 inhibits the growth of
OS through FGFR3 suppression in OS cells (Fig. 6).

Discussion

Previous studies have demonstrated an essential role of
miRNAs in the growth of some cancers, whereas a role of
miR-100 in the OS cell growth is unknown. In this study,
we aimed to understand the molecular mechanisms that un-
derlie the regulation of the tumor growth of OS by miR-100.
Then, we used several human OS cell lines (including U2OS,
HOS, etc.) to study the mechanism. We obtained similar re-
sults from these OS lines. Here we only showed our data using
U2OS cells.

Of note, we detected strong inverse correlation between
FGFR3 and miR-100 in OS specimen, suggesting presence
of a regulatory relationship. Since FGFR3 plays a critical role
in promoting cancer cell growth and has been shown to ex-
press in OS cells, we thus examined whether miR-100 may
inhibit the expression of FGFR3. We either overexpressed or
inhibited miR-100 expression in OS cells, which decreased or
increased the protein levels of FGFR3, respectively, without
affecting FGFR3 transcript levels. These data suggest that
FGFR3 translational controls in OS cells may be regulated
by miR-100, which is consistent with the function of

miRNAs. Moreover, using luciferase reporter assay, we iden-
tified a binding sites of miR-100 at 3′UTR on FGFR3mRNA.
Taken together, these findings strongly demonstrate a critical
role of miR-100 in regulating FGFR3 translation, rather than
in regulating the degradation of FGFR3 mRNA. FGFR3 is a
protein that is modified by phosphorylation and sumoylation,
which potentially affect its function. Here we did not study
these protein modifications, since the total protein level is the
first parameter to determine the activity of FGFR3. Future
attempts may be taken to address protein modifications of
FGFR3 to completely understand the relationship between
FGFR3 and miR-100.

In addition, we found that the modification of miR-100
levels in OS cells significantly altered cell growth in vitro
and in vivo. Our findings thus highlight miR-100/FGFR3 axis
as a novel therapeutic target for inhibiting the growth of OS. In
the future, experiments should be designed to determine the
other possible targets of miR-100 to completely understand its
role in the carcinogenesis of OS.
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