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osteosarcoma progression via upregulation of MIA2
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Abstract: Circular RNAs (circRNAs), a class of non-coding RNAs, play an essential role in embryo development and 
carcinogenesis, circNRIP1 was recently identified to promote development of multiple human cancers. This study 
investigated the role of circNRIP1 in osteosarcoma (OS) cells and the potential mechanisms relating to the spong-
ing miRNAs and their target genes. OS cell lines and normal human osteoblasts were grown for qRT-PCR analysis 
of circNRIP1 expression and functions of circNRIP1 expression in OS cell proliferation, migration, and invasion in 
vitro. Bioinformatics analysis was then performed to predict the sponge miRNA of circNRIP1 and the target gene, 
which was confirmed by using the dual-luciferase reporter assay. The in vivo functions of circNRIP1 was evaluated 
in OS cell xenograft models, while levels of relevant marker genes were examined using immunohistochemistry. 
CircNRIP1 was mainly localized in OS cell cytoplasm and significantly lower in OS cell lines than in normal human 
osteoblasts. CircNRIP1 overexpression significantly inhibited OS cell proliferation, migration, and invasion in vitro. 
miR-1200 was predicted as the sponge miRNA of circNRIP1 and directly interacted with circNRIP1 confirmed by 
the dual-luciferase reporter assay. Moreover, miR-1200 overexpression significantly alleviated the inhibitory effect 
of circNRIP1 on OS cells. A protein-coding gene MIA2 was identified as the miR-1200 targeting gene and reversely 
associated with miR-1200 expression in OS cells. Increase in MIA2 expression in a murine OS cell xenograft model 
was associated with circNRIP1 expression in inhibition of OS cell xenograft growth in vivo. These data support the 
circNRIP1 OS-suppressive role by sponge of miR-1200 expression and in turn to upregulate MIA2 expression.
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Introduction

Osteosarcoma (OS) is the most common malig-
nant bone tumor that arises from mesenchy-
mal cells and mainly occurs in adolescents and 
children [1]. Approximately 15-20% of patients 
are diagnosed with metastasized OS at their 
first visit and the most frequent metastatic site 
is the lung [2-4]. Despite the advancement in 
OS diagnosis and treatment, the 5-year OS sur-
vival rate is still very low and the recurrence 
rate is correspondingly high, which may be due 
to the commonly occurred tumor drug resis-
tance and distant metastasis [4]. Therefore, 

further research and better understanding of 
OS pathogenesis could lead to novel therapeu-
tic strategies and biomarker discovery for OS 
patients.

Towards this end, circRNAs, a class of non-cod-
ing RNA that was once considered as error 
byproducts in the genome, have recently 
become a hot topic of basic and translational 
research given their important functions in can-
cer and embryo development [5]. Genetically, 
circRNAs are derived from protein-coding genes 
and/or produced by backward splicing [6-8]. 
Previous studies have shown that circRNAs reg-
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ulate tumor progression in different ways, such 
as the miRNA “sponge”, RNA-pro binding, and 
protein translation [9-13]. Alteration of circRNA 
expression and functions was associated with 
development of various human cancers, like 
nasopharyngeal carcinoma, breast cancer, and 
lung cancer [14-17]. Different circRNAs have 
shown to possess different roles in human 
tumorigenesis; for example, circLARP4 and 
hsa-circ-000248 inhibited tumor cell prolifera-
tion [18, 19], whereas circ-DONSON and 
circDLG1 promoted gastric cancer [20, 21]. In 
this study, we focused on circNRIP1, a circRNA  
arising from the gene NRIP1, has been shown 
to influence the progression of many malignan-
cies, including cervical and gastric cancers  
as well as osteosarcoma [22-24]. However, to 
date, there are only a few studies of circNRIP1 
in human cancers and the role of circNRIP1 in 
OS progression and mechanism of the action 
have not been fully elucidated. 

Melanoma inhibitory activity 2 (MIA2), mapped 
to human chromosome 14q13, belongs to the 
novel MIA gene family, which includes genes 
MIA, OTOR, and TANGO and shares important 
structural features [25]. MIA2 has been found 
to be almost exclusively expressed in hepato-
cytes but lowly expressed in hepatocellular car-
cinoma (HCC) [26]. Thus, the role of MIA2 pro-
tein could be closely associated with liver inju-
ries or diseases [27]. Decrease in MIA2 expres-
sion or MIA2 deficiency significantly correlated 
with HCC development and that MIA2 expres-
sion inhibited HCC cell proliferation, indicating 
a tumor suppressive activity of MIA2 in HCC 
[28]. Moreover, MIA2 has been shown to play 
an oncogenic role in oral squamous cell carci-
noma (OSCC), as MIA2 expression was detect-
ed in most of the OSCCs and was associated 
with tumor expansion and nodal metastasis, 
whereas knockdown of MIA2 expression re- 
duced human tongue squamous carcinoma 
(HSC3) cells invasion capacity, suggesting that 
targeting of MIA2 expression could be a poten-
tial treatment approach for OSCC [29, 30].  
To date, the role of and association between 
MIA2 and osteosarcoma development is still 
unknown.

In this study, we detected circNRIP1 expression 
in OS cell lines vs. normal human osteoblast 
cells. We investigated and assessed the role  
of circNRIP1 expression in OS cell proliferation, 
migration, and invasion in vitro and OS cell 

xenograft formation and growth in vivo. After 
that, we predicted and confirmed the circNRIP1 
sponging miR-1200 and its target gene MIA2. 
We first analyzed the differential expression  
of MIA2 in OS cell lines. Taken together, we 
expected to provide novel information regard-
ing circNRIP1 as a tumor suppressor in OS 
development through the miR-1200-MIA2 axis, 
which could be used as a novel approach to 
control OS progression clinically in the future.

Methods 

Cell lines and culture

A normal human osteoblast hFOB1.19 cell line 
and osteosarcoma cell lines MG-63, MNNG/
HOS, 143B, and U2OS were originally obtained 
from Shanghai Cell Collection (Shanghai, 
China). hFOB1.19 cells were maintained in 
Dulbecco’s modified Eagle’s medium (DMEM)/ 
F-12, while MG63 and HOS cells were main-
tained in DMEM, and U2OS and 143B cells 
were maintained in McCoy’s 5a and Roswell 
Park Memorial Institute medium-1640 (RPMI-
1640). All growth media were supplemented 
with 10% fetal bovine serum (FBS; Gibco, 
Gaithersburg, MD, USA) and cultured at either 
37°C in 5% CO2 for OS cell lines or at 33.5°C in 
5% CO2 for hFOB1.19. 

RNA in situ hybridization (RNA FISH)

Cy3-labeled circNRIP1 probe and RNA FISH  
kit were designed by and obtained from 
Genepharma (Shanghai, China). The sequence 
of the probe was 5’-TCACAATCCAAACACTT- 
CCGTCTGTCTCCAAGCTCTGA-3’. For the FISH 
assay, 1×104 HOS and U2OS cells were seeded 
and grown in glass cell culture dishes for 24 h 
and then fixed with 4% paraformaldehyde and 
incubated with 1% buffer A to increase cell 
membrane permeability. After that, cells were 
incubated overnight with the circNRIP1 probe 
working solution. After 24 hours, the nuclei 
were stained with DAPI (4’,6-diamidino-2-phe-
nylindole) staining solution for approximately 
20 minutes at 24°C. The cells were captured 
images using the laser confocal system (Leica 
TCS SP5). 

RNA, DNA extraction and qRT-PCR

Total RNA was isolated from cells and OS cell 
xenografts using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
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turer’s protocol. The RNA extraction kit (Norgen 
Biotek, Canada) was used to separate the 
nuclear and cytoplasmic RNA. In particular, the 
cells were first lysed using pre-cooled lysate J 
and then centrifuged, the supernatant con-
tained cytoplasmic RNA while the precipitated 
pellet was nuclear RNA. Then, the buffer SK 
was added separately to the tubes, mixed well, 
and centrifuged to obtain cytoplasmic and 
nuclear RNA respectively. Purified RNA samples 
were stored at -20°C for a short period of time 
or reversely transcribed into cDNA immediately 
using the PrimerScript regent Kit (TAKARA, 
Dalian, China). qRT-PCR was performed to qu- 
antitate gene expression using an UltraSYBR 
Mixture kit from CWBIO (Shanghai, China) 
according to their instructions. The divergent 
primers for amplification of circNRIP1 were syn-
thesized by Genepharma and primers for ampli-
fication of miRNAs were supplied with RiboBio 
(Guangzhou, China). The relative levels of miR-
NAs and circRNA/mRNA expression were nor-
malized to the U6 and GAPDH levels, respec-
tively. The relative expression level of each 
gene was calculated by the 2-ΔΔCt method. The 
sequence of primers for circRNA and mRNA are 
listed in Table 1. 

RNase R treatment

The procedures of extracting total RNA of HOS 
and MG63 cells were the same as the above. 
For the RNase R treatment, 2 µg of total RNA 
was incubated at 37°C for 30 min with or with-
out 3 U/µg RNase R (Epicentre Technologies, 
Madison, WI, USA). After digestion, the relative 
level of circNRIP1 expression was detected by 
using qRT-PCR.

Plasmid construction and cell transfection

Plasmids for overexpressing circNRIP1 were 
designed and provided by Genepharma, and 

the vector pcDNA3.1 was used as the negative 
control. The mimics/inhibitor of miR-1200 and 
the matched negative control (NC) were from  
by RiboBio (Guangzhou, China). For cell trans-
fection, cells were inoculated in 6-well plates 
until reached approximately 50% confluency 
and then transfected with plasmids using 
Lipofectamine 3000 (Invitrogen) according to 
the manufacturer’s instructions. The transfec-
tion efficiency of plasmids was verified by 
qRT-PCR.

5-ethynyl-20-deoxyuridine (EdU) assay

The ability of OS cell proliferation was evaluat-
ed using the Cell-Light EdU Apollo567 In Vitro 
Kit (RiboBio). In short, the OS cells were cul-
tured in 96-well plates at 10,000 per well. After 
diluting at a concentration of 1:1000, 100 µl of 
buffer A was added into each well and incubat-
ed at 37°C for 2 h and cells were fixed with 4% 
paraformaldehyde for 30 min. Next, the cells 
were maintained in freshly prepared EdU solu-
tion in dark for 40 min, added with 100 µL of 
Hoechst33342 to each well to visualize the 
nuclei for 30 min. The proliferation ability of OS 
cells was evaluated by recording five randomly 
selected fields under a microscope. 

Cell viability CCK-8 assay

The CCK-8 assay was conducted to evaluate 
cell viability. In brief, cells were seeded into 
96-well plates at a density of 6000 cells per 
well after different treatments. Next, the cell 
culture medium was refreshed with a medium 
containing 10% CCK-8 (Dojindo, Ogawamachi 
Gonoe, Japan) and cells were further cultured 
for 1 h. At the end of experiment, the optical 
density (OD) was detected using a microplate 
reader (Geneomaga) at 450 nm under light-
proof conditions.

Wound healing assay 

The transfected cells were planted into the 
6-well plate and grown to reach approximately 
80-85% confluency, and then vertically scra- 
tched with a 200 µL pipette. At 0 h and 24 h 
after scratch, the field of view was randomly 
selected to take photos of each scratched area 
using Nikon ECLIPSE (Nikon, Tokyo, Japan). The 
relative degree of cell migration was calculated 
after normalizing the reduced distance to the 
induced damage area and compared to the 0 h 
control group.

Table 1. Primers used for qRT-PCR analysis
Gene Primers sequences
circNRIP1 5’-TCAACAGCCTTCTCAATTTTCT-3’

5’-TCACAATCCAAACACTTCCGT-3’
NRIP1 5’-GGATCAGGTACTGCCGTTGAC-3’

5’-CTGGACCATTACTTTGACAGGTG-3’
MIA2 5’-GAGGCCCATTCTTGAGAAGAGG-3’

5’-TTGAAGGTGGAATCAAACCTGAG-3’
GAPDH 5’-CAGGAGGCATTGCTGATGAT-3’

5’-GAAGGCTGGGGCTCATTT-3’
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Transwell migration and Matrigel invasion as-
say

MG63 and U2OS cells were planted into the  
24 well chambers containing plates for the 
Transwell assays. When reached 90% density, 
the transfected cells were digested with tryp-
sin. Cells were resuspended in 200 µL of 
serum-free medium and drop-wise added to 
the upper chamber (2×104 cells per well for 
migration assay, 8×104 cells per well for inva-
sion assay), and the medium containing 10% 
FBS was placed in the lower chamber. The cells 
were grown for 24 h. The un-migrated cells 
were gently wiped with sterile cotton swabs, 
whereas the migrated cells were fixed and then 
stained with 1% crystal violet for 40 min. The 
Transwell filters were placed under an inverted 
microscope and photographed for at least 
three randomly selected fields for each filter. 
The filters pre-coated with Matrigel (BD 
Bioscience, San Jose, CA, USA) were used for 
the invasion assay. 

Colony formation assay

The transfected MG63 and U2OS cells were 
seeded into 6-well plates at a density of 1000 
cells per well and grown for 15 days with medi-
um refresh every three days. At the end of 
experiment, cells were washed twice with ice-
cold phosphate-buffered saline (PBS) and fixed 
in 1 mL of 4% paraformaldehyde for 30 min and 
then stained with 1% crystalline violet for 30 
min. The cell colony-forming ability was mea-
sured by counting cell clones with 50 or more 
cells.

Predicted miRNA targets of circNRIP1

We analyzed the miRNA binding sites of circ-
NRIP1 in three bioinformatics databases inclu- 
ding miRanda (http://www.microrna.org), cir-
cinteractome (https://circinteractome.nia.nih.
gov/), RNAhybrid (https://bibiserv.cebitec.uni-
bielefeld.de/rnahybrid/) [31]. The constraints 
used for filtering were (a) Total score ≥140 and 
Total energy <4 kcal/mol; (b) Numbers of pre-
dicted binding sites ≥1 and context+ score per-
centile ≥80; and (c). Numbers of binding posi-
tion >0.

Predicted target genes of miR-1200

The target genes of miR-1200 were predicted 
using the Targetscan (http://www.targetscan.

org/vert_71/), miR DIP (http://ophid.utoronto.
ca/mirDIP/index.jsp), miRWalk (http://mirwalk.
umm.uni-heidelberg.de/). The constraints used 
for filtering were (a) |Total context++ score| 
>0.35; (b) Minimum score ≥ High; and (c) The 
binding region length >25 and longest consecu-
tive pairings >10.

Dual-luciferase reporter assay

We used the RNAhybrid analyses to predict the 
binding sites between circNRIP1 and miR-
1200. The circNRIP1 sequence or a mutant 
sequence and the MIA2 sequence or a mutant 
sequence were subcloned into the pmirGLO 
vector (RiboBio), respectively. To validate the 
targeting relationship, HEK-293T cells and HOS 
cells were seeded into 24 well plates and grown 
overnight and then subjected to transfection 
when cell density reaches 60%. After that, cells 
were co-transfected with miR-1200 mimics and 
reporter plasmids and each experiment was in 
triplicates. At 48 h after transfection, the lucif-
erase activity was evaluated using the Dual 
Luciferase Reporter Assay System (Promega, 
Madison, WI, USA). For comparison, the firefly 
luciferase activity was used to normalize to the 
Renilla luciferase activity.

A nude mouse OS cell xenograft model

Gem Pharmatech Co., Ltd. (Nanjing, China) pro-
vided us with four-week-old male BALB/c nude 
mice, which were housed in a sterile environ-
ment and fed a sterile diet. Cells transiently 
transfected with plasmids and siRNAs have 
been used for nude mouse experiments [32, 
33]. For the in vivo assay, HOS cells were trans-
fected with circNRIP1 expression plasmids and 
control plasmids and 5×106 treated HOS cells 
were subcutaneously injected to each mouse 
into the left abdominal back. The weight of the 
mice was measured every three days after the 
HOS cells were inoculated and 4 weeks later, all 
nude mice were sacrificed and tumor tissues 
were taken and then weighed and embedded  
in paraffin and sectioned for H&E staining  
and immunohistochemistry. Prior approval was 
obtained from the ethics committee of the host 
institution prior to conducting the experiments.

Western blot

Cells were lysed using radioimmunoprecipita-
tion assay buffer (RIPA buffer) containing prote-
ase inhibitors to obtain total cellular protein. 
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The equal amount of protein samples were 
separated in 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) 
gels using the electrophoresis and then trans-
ferred onto the PVDF membranes (Bio-Rad, 
Hercules, CA, USA). The membranes were incu-
bated in the blocking buffer for about 1 h and 
then with the specific primary antibody against 
GAPDH (Cat. #D110016; Sangon Biotech, 
Shanghai, China) or MIA2 (Cat. #ab58973; 
Abcam, Cambridge, MA, USA) overnight at 4°C. 
On the next day, the membranes were incubat-
ed with a goat anti-rabbit secondary antibody 
at the room temperature for 1 h. The positive 
signals corresponding to the protein bands 
were detected using chemiluminescence Kit 
(Beyotime, Shanghai, China).

Hematoxylin and eosin staining

The paraffin-embedded OS cell xenograft sam-
ples were dewaxed with xylene and rehydrated 
in a series of ethanol solution and into water. 
After that, the tissue sections were stained 
with hematoxylin for 10 min and then treated in 
solutions of hydrochloric acid in ethanol and 
ammonium hydroxide for 30 s each and stained 
with eosin for 1 min. The sections were then 
placed into bottles filled with gradient concen-
trations of 70%, 80%, 90%, and 100% ethanol 
solution for about 15 s each, respectively. Next, 
the sections were cleared in xylene three times 
for 3 min each and mounted with the neutral 
gum (Biosharp, Beijing, China).

Immunohistochemistry (IHC)

The IHC was performed on xenograft mouse tis-
sue sections. In brief, the paraffin-embedded 
osteosarcoma cell xenografts were sectioned 
into 5 μm-thick sections and then placed onto a 
65°C plate and baked for 1 h. After that, sec-
tions were dewaxed in xylene and rehydrated in 
a series of ethanol solution and into water. 
Thereafter, 100 µl of 3% hydrogen peroxide 
solution was added onto each slide for 3 min. 
After washing in PBS twice, the sections were 
incubated with 100 μL of a primary antibody at 
4°C overnight, and then maintained in 100 μL 
of the vision biosystems TM (rq7100) at 25°C 
for 25 min and incubated with 3,3’-diamino-
benzidine (DAB) solution briefly and then coun-
terstained with hematoxylin, dehydrated, fixed, 
and mounted. Finally, the sections were re- 
viewed and photographed under a light micro-
scope (Nikon ECLIPSE).

Microarray data

The data on differentially expressed circRNAs 
in OS cells were obtained from the NCBI Gene 
Expression Omnibus (GEO) with the accessing 
number of GSE96964.

Statistical analysis

All data were obtained from at least three in- 
dependent replicates. The difference between 
the two groups was compared using the 
Student’s t-test, while the one-way analysis of 
variance (ANOVA) test was performed for statis-
tical analysis of three groups or more. The 
GraphPad Prism software version 6.0 was used 
for all statistical analyses, while a P<0.05 was 
considered to be statistically significant.

Results 

Downregulation of circNRIP1 in human OS cell 
lines 

CircNRIP1 has been reported to promote the 
proliferation of cervical cancer and gastric can-
cer [22, 24, 34] but less studied in osteosar-
coma [23]. In this study, we first downloaded 
the microarray data on OS from the GEO data-
base (GSE96964) and analyzed the differential 
expression of all circRNAs [35]. We obtained 
the TOP 81 circRNAs that were either up-regu-
lated or down-regulated in OS and then gener-
ated a heatmap based on their fold change 
(|fold change| ≥1.5, P<0.05). After eliminating 
circRNAs that had been deeply studied such as 
circMYO10 and circTADA2A [36, 37], we select-
ed circNRIP1, which showed the most differen-
tial expression in OS cell lines, as our target.  
As illustrated in Figure 1A, level of hsa_circ_ 
0004771 (circNRIP1) expression in OS cells 
was greatly downregulated compared with the 
normal bone cell line hFOB1.19. Compared to 
the h.fob cells, level of circNRIP1 expression 
was also significantly decreased in OS cell lines 
(Figure 1B). Our results were consistent with 
the data obtained from microarray data and 
thus, MG63 and U2OS cells were selected for 
further investigation for the role and mecha-
nism of circNRIP1 in OS oncogenesis. 

Circular structure recognition of circNRIP1 and 
its cellular localization

Divergent primers and convergent primers were 
designed for amplification of circNRIP1 and 



CircNRIP1 suppresses OS progression via miR-1200/MIA2 aixs

2838 Am J Cancer Res 2022;12(6):2833-2849



CircNRIP1 suppresses OS progression via miR-1200/MIA2 aixs

2839 Am J Cancer Res 2022;12(6):2833-2849

canonical forms of NRIP1, respectively. To rule 
out genomic rearrangement and trans-splicing, 
the products amplified by the divergent primers 
were analyzed by using the Sanger sequencing 
and confirmed that circNRIP1 was back-spliced 
from the head to the tail of the exon 2 and 3 of 
the NRIP1 gene (Figure 1C). After that, we per-
formed an agarose gel electrophoresis assay 
with cDNA and gDNA from OS cells and found 
that circNRIP1 was detected in cDNA, but no 
amplification product was detected in gDNA, 
further supporting the back-splicing of circ-
NRIP1 in OS cells (Figure 1D). To determine the 
stability of circRNAs and mRNAs, we assessed 
level of circNRIP1 and linear NRIP1 expression 
with or without RNase R treatment with qRT-
PCR. We found that circNRIP1 was virtually 
resistant to RNase R digestion, whereas NRIP1 
mRNA level was decreased sharply under the 
RNase R treatment (Figure 1E). To confirm the 
localization of circNRIP1 in OS cells, we per-
formed qRT-PCR and RNA FISH experiments 
and found that circNRIP1 was predominantly 
localized in the cytoplasm of OS cells (Figure 
1F, 1G).

Inhibition of OS cell migration, invasion and 
proliferation after circNRIP1 overexpression

To assess the in vitro functions of circNRIP1 in 
OS cells, we transfected the circNRIP1 expres-
sion plasmids or a blank vector as a control into 
MG63 and U2OS cells. The data showed that 
circNRIP1 was successfully overexpressed in 
OS cells, while there was no significant change 
in NRIP1 mRNA expression (Figure 2A). The OS 
cell CCK-8, EdU, and colony formation assays 
altogether indicated that the OS cell prolifera-
tion capacity was reduced significantly after 
circNRIP1 overexpression (Figure 2B-D). The 
Transwell assay revealed that the upregulation 
of circNRIP1 inhibited capacity of MG63 and 

U2OS cell migration and invasion (Figure 2E). 
Overexpression of circNRIP1 also slowed heal-
ing of abrasions, showing that OS cell migration 
was suppressed by wound healing assay (Fig- 
ure 2F). Taken altogether, circNRIP1 impelled a 
potent tumor suppressor effect on OS cell pro-
liferation, migration and invasion in vitro.

CircNRIP1 as a sponge for miR-1200 in OS 
cells

CircRNAs are well documented to play a miRNA 
sponge role in cancer cells so as to influence 
tumor development [38-40]. To identify the 
potential sponging miRNA of circNRIP1 in OS 
cells, we conducted bioinformatical analysis 
using the web-based miRanda, RNAhybrid and 
circinteractome tools and obtained six candi-
date miRNAs (Figure 3A). We then performed 
the qRT-PCR analysis and revealed that only 
hsa-miR-1200 was dramatically decreased in 
cells overexpressed circNRIP1 among these six 
candidate miRNAs (Figure 3B). Notably, we de- 
tected the markedly downregulated miR-1200 
expression in HOS and 143B cells but signifi-
cantly upregulated in MG63 and U2OS cells 
compared to hFOB1.19 (Figure 3C). To deter-
mine whether circNRIP1 directly sponges miR-
1200 based on their complementary sequence, 
we performed the bioinformatics analysis using 
the miRANDA tool and revealed that circNRIP1 
shared only one response element with miR-
1200 (Figure 3D). We then mutated and cloned 
this responsive element into a luciferase 
reporter containing the 3’-untranslated region 
(3’-UTR) of circNRIP1 and co-transfected it with 
miR-1200 mimics or NC controls into HEK-293 
cells and HOS cells. As illustrated in Figure 3E, 
the luciferase activity of the wild-type (WT) re- 
porter in miR-1200 mimics transfected cells 
was significantly lower than those transfected 
with miR-1200 mimics NC, while the reporter 

Figure 1. Downregulation of circNRIP1 expression in human OS cell lines. A. The heatmap of 17 upregulated and 
64 downregulated circRNAs and circNRIP1 is downregulated by 2.86 folds in OS cells. B. qRT-PCR. The data showed 
that circNRIP1 was downregulated in OS cell lines compared to normal hFOB1.19 cells. All data were normalized to 
GAPDH levels and demonstrated as 2-ΔΔCt. C. The head-to-tail splicing of circNRIP1 was detected by using qRT-PCR 
and verified by Sanger sequencing. The arrows point the head-to-tail splicing of circNRIP1. D. Agarose gel electro-
phoresis. We examined circNRIP1 and linear NRIP1 expression levels in OS cells using an agarose gel electrophore-
sis in the presence or absence of RNase R. The red and blue triangles represent divergent primers and convergent 
primers respectively. E. qRT-PCR. The data showed that the back-spliced NRIP1 was more stable than the linear 
forms of NRIP1 in MG63 and HOS cells. F. qRT-PCR. The nuclear RNA and cytoplasmic RNA of MG63 and HOS were 
extracted respectively and conducted by using qRT-PCR. The results manifested that circNRIP1 expression was 
mainly occurred in the cytoplasm of OS cells. G. FISH. The results showed that circNRIP1 was mainly present in 
the cytoplasm (The scale bar, 20 μm). The nucleus was stained by DAPI and circNRIP1 probe was labeled by cy3. 
***P<0.001, **P<0.01, and *P<0.05.
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Figure 2. Inhibition of OS cell migration, invasion, and proliferation after circNRIP1 overexpression. A. qRT-PCR. The 
data verified that circNRIP1 was successfully overexpressed in MG63 and U2OS cells. B. The CCK-8 assay. The data 
showed that the proliferation ability decreased significantly in OS cells overexpressed circNRIP1. C. EdU assay. The 
results showed that circNRIP1 overexpression reduced MG63 and U2OS cell proliferation ability. D. Colony forma-
tion assay. The experiments showed that circNRIP1 overexpression reduced U2OS and MG63 cell clonogenicity. E. 
Transwell assay. The data demonstrated that MG63 and U2OS cell migration and invasion rates were reduced after 
circNRIP1 overexpression. F. Wound healing assay. The data demonstrated that MG63 and U2OS cell migration rate 
was undermined following circNRIP1 overexpression. **P<0.01 and *P<0.05.

that contains mutated binding sites has not 
much changes for the luciferase activity wheth-
er the cells were transfected with miR-1200 
mimics or NC controls. 

To further validate whether circNRIP1 inhibits 
the proliferation of OS cells by directly interact-
ing with miR-1200, we performed the rescue 

experiments. Using the CCK-8 (Figure 3F), colo-
ny formation (Figure 3G) and EdU assays 
(Figure 3H), we found that the decreased ability 
of OS cell proliferation due to overexpression of 
circNRIP1 was partially restored after co-trans-
fection with miR-1200 mimics. Accordingly, the 
results of the wound healing (Figure 4A) and 
Transwell assays (Figure 4B, 4C) conveyed that 
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the reduced OS cell migration and invasion 
induced by circNRIP1 overexpression was par-
tially abrogated by the co-transfection of miR-
1200 mimics. Together, these data suggested 
that circNRIP1 inhibits cell migration, invasion 
and proliferation by sponging miR-1200.

MiR-1200 targeting MIA2 in OS cells

It is widely accepted that miRNAs regulate 
tumor growth by inhibiting the expression of 
their target genes. In order to identify the target 
genes that miR-1200 might directly bind to in 
OS cells, we performed the bioinformatical 
analysis and found 22 candidate target genes 
(Figure 5A). We then performed qRT-PCR analy-
sis in 143B and HOS OS cell lines transfected 
with miR-1200 mimics and found that only 
MIA2 was significantly decreased in both OS 
cell lines (Figure 5B). We then, detected level of 
MIA2 expression in all four OS cell lines vs. nor-
mal bone cell line hFOB1.19 using qRT-PCR 
and Western blot. Interestingly, MIA2 was sig-
nificantly upregulated in 143B and HOS cells 
but downregulated in MG63 and U2OS cells 
(Figure 5C). After that, we transfected HOS and 
143B OS cell lines with miR-1200 mimics and 
inhibitor respectively, and the results showed 

that miR-1200 was significantly up- or down-
regulated in OS cells (Figure 5D). The results of 
qRT-PCR and Western blot assays demonstrat-
ed that miR-1200 mimics downregulated level 
of MIA2 expression, while miR-1200 inhibitor 
led to upregulated MIA2 expression in both 
HOS and 143B OS cell lines, respectively 
(Figure 5E). Based on the predicted results of 
Targetscan, the MIA2 3’-UTR mRNA contained 
sequences complementary to the miR-1200 
seed sequence (Figure 5F). To verify whether 
the gene MIA2 directly binds to miR-1200, we 
constructed a 3’-UTR sensor and co-transfect-
ed OS cells and 293T cells with miR-1200 mim-
ics. We found a decrease in the luciferase 
activity in cells with miR-1200. To further con-
firm the specificity of binding site, we removed 
all binding sites of miR-1200. The results 
showed that co-transfection of miR-1200 with 
the mutant construct abrogated the decreased 
luciferase activity with wild-type 3’-UTR, indi-
cating that miR-1200 specifically regulates 
MIA2 expression (Figure 5G). Thus, circNRIP1 
may function in OS cells to sponge miR-1200 
and we next investigated whether circNRIP1 
regulates the expression of MIA2. The results 
showed that level of MIA2 expression was 
increased in circNRIP1 overexpressed cells 

Figure 3. CircNRIP1 as a sponge for miR-1200 in OS cells. A. Bioinformatical analysis. The six target miRNAs of 
circNRIP1 were predicted by using the online miRanda, RNAhybrid, and circinteractome tools. B. qRT-PCR. The 
results indicated that only miR-1200 was significantly downregulated in OS cells after overexpressing circNRIP1. C. 
qRT-PCR. The experiments examined the difference in miR-1200 expression levels in OS cells compared with nor-
mal h.fob cells. D. Bioinformatical analysis. CircNRIP1 was predicted to contain a putative binding site of miR-1200. 
E. Dual-luciferase reporter assay. HEK293T and HOS cells were transfected with miR-1200 mimics and luciferase 
reporter plasmids containing either a wild type or a mutant circNRIP1 3’-UTR where the binding site of miR-1200 
was mutated. The binding site between miR-1200 and circNRIP1 was confirmed in dual-luciferase reporter assay. 
F and G. CCK-8 and colony formation assay. The data displayed the reduced proliferation ability of HOS and 143B 
cells after overexpressing circNRIP1 but was ameliorated by miR-1200 overexpression. H. The EdU assay. The data 
showed that OS cell proliferation rate after over expressing circNRIP1 was partially neutralized by the co-transfection 
with miR-1200. **P<0.01 and *P<0.05.
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Figure 4. Reversal of circNRIP1 antitumor effects on OS cells after miR-1200 overexpression. A. Wound healing 
assay. The data showed that HOS and 143B cell migration ability was impeded by circNRIP1 overexpression, which 
was partially restored by miR-1200 overexpression. B and C. Transwell assay. The data demonstrated decrease in 
OS cell migration and invasion rates after circNRIP1 overexpression was partially rescued by the co-transfection with 
miR-1200 mimics. **P<0.01 and *P<0.05.

(Figure 5H). Similarly, levels of MIA2 mRNA and 
protein were increased to a greater extent in 
cells overexpressing circNRIP1 alone than in 
cells co-transfected with circNRIP1 and miR-
1200 mimics (Figure 5I). 

CircNRIP1 inhibition of OS cell xenograft 
growth in vivo

To investigate the in vivo function of circNRIP1 
in OS cell xenograft growth, we established and 
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evaluated a OS cell xenograft model in nude 
mice. HOS cells or HOS cells transiently overex-
pressed circNRIP1 were subcutaneously inject-
ed into nude mice, the weight of tumor tissue 
was recorded every three days after a week of 
cell injection, and the results showed that circ-
NRIP1 was able to significantly restrain the size 
and weight of OS cell xenografts (Figure 6A-C). 
Our qRT-PCR analysis showed that compared 
with the NC group, level of circNRIP1 expres-
sion was significantly higher while the miR-
1200 expression levels were significantly lower 
in the circNRIP1 overexpression group (n=3 
each group of mice; Figure 6D). H&E staining of 
mouse OS cell xenograft sections showed sig-
nificant difference in tumor histomorphology 
between groups (Figure 6E). Abnormalities, 
such as larger nuclei, deeper staining, and mul-
tiple nucleoli were observed in OS cell xeno-
graft tissues of the NC group rather than in the 
circNRIP1 overexpression group. We have also 
performed IHC assay on sections of the xeno-
grafted tumor tissues, and increase in MIA2 
expression was observed in tissues from mice 
overexpressed circNRIP1 (Figure 6F). Thus, 
circNRIP1 exerts its inhibitory effect on OS pro-
gression through the miR-1200/MIA2 axis in 
vivo.

Discussion 

The 5-year osteosarcoma survival rate, espe-
cially for metastasized OS, is very low [41]. 
Therefore, better understanding of the patho-
logical mechanisms and identification of novel 
molecular targets are surely important to devel-
op novel OS therapeutics or early detection bio-
markers. circRNAs, a class of single-stranded 
RNA, form a covalently closed continuous loop, 
which is different from linear RNA, and play a 
crucial role in development and progression of 

various human cancers and could be important 
biomarkers for tumor early detection [42] 
because circRNAs have been shown to play a 
regulatory role in both physiological and patho-
logical phases of diseases or embryo develop-
ment [43-45]. For instance, ciRS-7 is a circRNA 
derived from the parental gene CDR1 and was 
one of the first circRNAs that has been shown 
to sponge miR-7 and caused reduced miR-7 
expression in development of colorectal and 
colon cancer [46, 47]. As to circNRIP1, it has 
been reported that circNRIP1 was highly ex- 
pressed in OS cells and promoted OS cell prolif-
eration and migration by sponging miR-199a 
expression and in turn upregulating expression 
of the oncogenic gene FOXC2 in vitro [23]. In 
our current study, circNRIP1 was shown to be 
downregulated in OS cells after bioinformatic 
analysis and our further qRT-PCR experiments. 
Moreover, the significant tumor suppressive 
effect of circNRIP1 was demonstrated in both 
OS cell lines and nude mouse OS cell xenograft 
model. As we know, circRNAs usually function 
by sponging miRNAs and their target genes [48, 
49]. Our current study identified miR-1200 as 
the possible sponge miRNA of circNRIP1 and 
confirmed the bioinformatical data using the 
dual-luciferase reporter assay for the direct 
interaction between miR-1200 and circNRIP1. 
More importantly, we found that circNRIP1 inhi-
bition of OS cell proliferation, migration and 
invasion was associated with circNRIP1 down-
regulation in OS cells; however, overexpression 
of miR-1200 significantly alleviated the inhibi-
tory effect of circNRIP1 on OS cells, further sup-
porting miR-1200 as the sponging miRNA of 
circNRIP1.

To further explore the mechanism of miR-1200 
in OS cells, we performed bioinformatics analy-
sis and revealed that the tumor suppressor 

Figure 5. miR-1200-targeting of MIA2 expression in OS cells. A. Bioinformatical analysis. The targeting genes of 
miR-1200 were predicted by using the online Target Scan, miRDIP, and miR Walk tools and there were 22 candidate 
genes, including MIA2, identified thereafter. B. qRT-PCR. Among the 22 candidate target genes examined, only MIA2 
was significantly decreased in both 143B and HOS cells. C. qRT-PCR and Western blot. MIA2 was differentially ex-
pressed in OS cell lines and h.fob cells as demonstrated by qRT-PCR and Western blot. D. qRT-PCR. miR-1200 mim-
ics upregulates miR-1200 effectively, whereas its inhibitor significantly downregulates miR-1200 in HOS and 143B 
cells. E. qRT-PCR and Western blot. The data confirmed that miR-1200 overexpression was able to significantly 
inhibit MIA2 expression in OS cells, whereas knockdown of miR-1200 expression increased level of MIA2 expres-
sion. F. Targetscan analysis. The data illustrated that the possible binding sites of miR-1200 to MIA2 predicted by 
the Targetscan with wild type or mutant MIA2 3’-UTR. G. Dual-luciferase reporter assay. The interaction between 
miR-1200 and the putative binding sites was confirmed by a dual-luciferase reporter assay. H. qRT-PCR and Western 
blot. The positive correlation between circNRIP1 and MIA2 gene was verified and demonstrated by using qRT-PCR 
and western blot data. I. qRT-PCR and Western blot. The assays indicated that miR-1200 overexpression decreased 
MIA2 level and was attenuated by circNRIP1 co-transfection. **P<0.01 and *P<0.05.
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gene MIA2 may be a targeting gene of miR-
1200. It has been reported by multiple studies 
that MIA2 is significantly reduced in a variety of 
malignancies, including hepatocellular carcino-
ma, gastric cancer, and acute lymphoblastic 
leukemia, and that loss of MIA2 has been fre-
quently associated with advanced tumor stag-
es, indicating its tumor suppressive role [28, 
50, 51]. In our research, we detected decreased 

MIA2 expression in OS cell lines and our nude 
mouse OS cell xenograft model also revealed a 
positive correlation between the proliferation of 
osteosarcoma and the lower expression of 
MIA2. Our data also showed that miR-1200 sig-
nificantly inhibited level of MIA2 expression in 
OS cells. To the best of our knowledge, we have 
for the first time reported the association 
between MIA2 expression with osteosarcoma 

Figure 6. CircNRIP1 inhibition of nude mouse OS cell xenograft formation and growth in vivo. A and B. Macro pa-
thology. After subcutaneous injection of HOS cells into nude mice to form tumors (5 per group), tumor volume was 
significantly smaller in the group of circNRIP1 overexpressed OS cells in mice compared to the negative control 
group (NC). C. The tumor weights in mice of the circNRIP1 overexpression group were less heavy compared to the 
NC group. D. Expression levels of circNRIP1 and miR-1200 were measured by using qRT-PCR (n=3). E. H&E stain-
ing. The data showed distinct morphological features in the circNRIP1-overexpressed group compared with the NC 
group (the left, ×200; the right, ×400). F. IHC. The assay was performed and showed that increased expression of 
MIA2 was observed in tissues from mice overexpressed circNRIP1 (the left, ×200; the right, ×400). **P<0.01 and 
*P<0.05.
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progression and that circNRIP1 may play its 
function in OS development via the miR-1200/
MIA2 axis.

Interestingly, we notice that circNRIP1 actually 
induced a stronger effect than miR-1200, indi-
cating there might be additional mechanisms 
occurred in OS cells, other than only the circ-
NRIP1/miR-1200/MIA2 axis, for the role of circ-
NRIP1 in OS, which needs further investigation. 
However, our current study is among a few to 
first discover the role of circNRIP1 in OS cells, 
which indeed is preliminary because all of 
experiments were in vitro and in vivo, but there 
was no ex vivo data to support; thus, further 
studies are needed to reveal how circNRIP1  
is regulated in OS cells and what circNRIP1-
related signaling in OS development and 
progression.

Conclusions

In summary, we have demonstrated that circ-
NRIP1 was downregulated in OS cell lines. 
CircNRIP1 expression was able to significantly 
inhibit OS cell proliferation, migration, and inva-
sion in vitro and in vivo. Mechanistically, circ-
NRIP1 acts as a miRNA sponge by interaction 
with miR-1200 and its target gene MIA2,  
leading to the upregulation of MIA2 expression 
and eventually inhibition of osteosarcoma 
progression.
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