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miR-1270 enhances the proliferation, migration, and invasion of osteosarcoma 
via targeting cingulin
Yang Liu, Weichun Guo, Shuo Fang, Bin He, Xiaohai Li, Li Fan
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Osteosarcoma (OS), characterized by high morbidity and mortality, is the most common bone malignancy
worldwide. MicroRNAs (miRNAs) play a crucial role in the initiation and development of OS. The purpose of
this study was to investigate the roles of miR-1270 in OS. RT-qPCR and Western blot were applied to detect
the mRNA and protein level, respectively. CCK-8, colony formation, and TUNEL assays were conducted to
determine the cell viability, proliferation, and apoptosis of OS cells. Wound healing and transwell assay were
performed to detect the migration and invasion ability of OS cells. Bioinformatics analysis and dual-luciferase
reporter assay were used to predict the target genes of miR-1270. Tumor xenograft in vivo assay was carried
out to determine miR-1270 effect on the tumor size, volume, and weight. In this study, miR-1270 was overex-
pressed in OS tissues and cells. However, miR-1270 knockdown inhibited the proliferation, migration and inva-
sion, and promoted the OS cells’ apoptosis. Mechanistically, cingulin (CGN) was predicted and proved to be a
target of miR-1270 and partially alleviated the effects of miR-1270 on the proliferation, migration and invasion
ability of OS cells. Taken together, knockdown of miR-1270 may inhibit the development of OS via targeting
CGN. This finding may provide a novel therapeutic strategy for OS.
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Introduction
Osteosarcoma (OS) is the most prevalent bone malignancy fre-

quently happening in children and adolescents worldwide.1

Despite significant advances in the treatment of OS over the past
decades,2 the mortality and morbidity of OS remain high. Faraway
metastasis and recurrence are the leading causes of OS-related
death.3 The 5-year survival rate of OS patients with no metastasis
is 75%, but no more than 30% with metastasis evidence.4

Therefore, investigating the underlying molecular mechanisms on
the metastasis of OS has attracted increasing attention. 

MicroRNAs (miRNAs) are a family of small non-coding
RNAs at the length of 18-22 nucleotides.5 miRNAs degrade
mRNA via binding to the 3’ untranslated region (3’ UTR) of its tar-
get.6 MiRNAs have been shown to play important roles in many
cancer types.7-12 Numerous studies have reported that miRNAs par-
ticipate in various biological processes, such as cell proliferation,
apoptosis, migration, autophagy, and invasion.13-16 Interestingly,
miRNAs are collectively involved in the initiation and progression
of cancer, including OS.17,18 For instance, miR-624-5p promotes
the migration and invasion of OS via targeting protein tyrosine
phosphatase receptor type B (PTPRB).19 MiR-509-3p suppresses
the proliferation, migration, and invasion of OS and promotes the
OS cells’ chemo-sensitivity to cisplatin.20 It has also been verified
the potential of the LINC00588/miRNA-1972/TP53 axis as a ther-
apeutic target in OS patients.21 The upregulation of miR-1270 in
OS predicts poor prognosis, while downregulated miR-1270
inhibits the proliferation, migration and tumorigenesis of OS.22

However, the underlying molecular mechanism remains unclear.
Augmenting studies demonstrate that the dysfunction of tight

junction (TJ) proteins contributes to the initiation and progression
of human cancer through regulating TJ structure and associated
signaling pathways.23,24 TJ formation facilitates the paracellular
diffusion barrier and modulates cell polarity and permeability.25 In
addition, TJ proteins suppress growth- and metastasis-related
genes to modulate the progression of tumors, including OS.26-28

Cingulin (CGN), a transmembrane pore-forming barrier protein,
plays a crucial role in TJ via peripheral scaffolding proteins, such
as zona occludens-1 (ZO-1). Aberrantly expressed CGN induces
the proliferation, migration and invasion of cancer, and acts as an
anti-tumor gene in mesothelioma and ovarian cancer.29-31 However,
the role of CGN in OS has not been elucidated.

The purpose of this study was to investigate the potential roles
of miR-1270 in OS and the underlying molecular mechanisms, and
our findings may provide a promising therapy for OS.

Materials and methods

Clinical samples
Sixty pairs of OS tissues and normal tissues were collected

from OS patients at Renmin Hospital of Wuhan University from
May 1, 2018 to December 31, 2019. Clinical samples were imme-
diately stored at -80°C after surgery. The patients enrolled in this
study had not received chemotherapy and radiotherapy before. All
patients provided informed consent. This study was approved by
the Ethics Committee of Renmin Hospital of Wuhan University.

Cell culture
OS cell lines MG-63, U2OS, Saos2, 143B, and normal human

osteoblast cell line hFOB1.19 were purchased from ATCC (USA).
Cells were cultured in DMEM medium containing 10% FBS and
1% penicillin/streptomycin (Gibco, USA), at 37 °C with 5% CO2.

Transfection
Saos2 and 143B were transfected with 50 nM of miRNA neg-

ative control (miR-NC) mimic, miR-1270 mimic, miR-NC
inhibitor, miR-1270 inhibitor, NC shRNA (sh-NC), or sh-CGN
(GenePharma, China) by using Lipofectamine 2000 (Thermo
Fisher Scientific, Waltham, MA, USA) for 48 h.

RT-qPCR
Total RNA was collected from OS tissues or cells with TRIzol

reagent (Invitrogen, Carslbad, CA, USA). Then the RNA was
reversely transcribed into cDNA using PrimeScript 1st strand
cDNA Synthesis kit (Takara Bio, San Jose, CA, USA). The PCR
was performed using SYBR-Green qPCR assay on Biosystems
7500 Real-Time PCR System under the following thermocycling
conditions: 95°C for 10 min, followed by 40 cycles of 95°C for 15
s, 60°C for 60 s, 72°C for 1 min, and 72°C for 10 min. The expres-
sion levels were measured with the 2-ΔΔCt method. U6 and β-actin
were used as the internal control for miRNAs or mRNA, respec-
tively.

Western blot
Total protein was isolated from OS cells. The concentration of

the protein was calculated with BCA Kit (Beyotime, Shanghai,
China). An equal amount of the protein was separated with 12%
SDS-PAGE. Afterward, the proteins were moved onto
Polyvinylidene Fluoride membranes (Millipore, Burlington, MA;
USA). Then the membranes were sealed with 5% skimmed milk
and incubated with primary antibodies, anti-ICAM-1 (ab222736,
56 kDa, 1: 1000, Abcam, Cambridge, MA, USA), anti-VCAM-1
(ab134047, 81 kDa, 1: 2000, Abcam), anti-CGN (ab117796, 136
kDa, 1: 2000, Abcam), anti-Bcl-2 (ab32124, 26 kDa, 1: 1000,
Abcam), anti-BAX (ab32503, 21 kDa, 1: 1000, Abcam), anti-
cleaved Caspase3 (ab32042, 17 kDa, 1: 500, Abcam), anti-
cleaved-Caspase9 (ab2324, 37 kDa, 1: 1000, Abcam), and anti-β-
actin (ab8227, 42 kDa, 1: 1000, USA) overnight at 4°C in shade.
Lately, the membranes were washed with PBS 3 times and incubat-
ed with goat-anti-rabbit secondary antibodies (ab6721, 1: 2000,
Abcam) for 2 h at 37°C. The protein in each band was determined
with ECL solution (Millipore) in the shade. The protein levels were
analyzed with ImageJ software 1.6.

Dual luciferase reporter assay
The luciferase activity of OS cells was determined with a

luciferase assay kit (Promega, Madison, WI, USA). CGN wild type
(WT) or mutant (MUT) containing the miR-1270 binding site was
introduced into pmirGLO dual-luciferase vector (Promega, USA).
Then the cells were co-transfected with CGN 3’UTR WT or CGN
3’UTR mutant, and miR-NC mimic or miR-1270 mimic for 48 h.
The luciferase activity was calculated and normalized to Renilla
luciferase activity. 

Clone formation assay
Briefly, we melt 1.4% (v/v) agarose (Sigma-Aldrich, St. Louis,

MO, USA) in a microwave and cooled to room temperature. Then,
we mixed equal volumes of the 1.4% melted agarose with the com-
plete cell culture medium. After that, 2 ml of 0.7% (v/v) low melt-
ing point agar was added into each well of the 6-well plate and set
aside to allow agarose to solidify. After 48 h transfection, cells
(4×103 cells/well) were mixed with 1.4% agarose in complete cul-
ture medium, plated on top of the solidified layer to form colonies
in 1-3 weeks. Cells were fed with complete culture medium every
3 d. The colony is denied to consist of at least 50 cells32. After the
cells have formed sufficiently large clones, we removed the medi-
um above the cells and rinsed carefully with PBS. Then, colonies
were fixed with 4% paraformaldehyde (Electron Microscopy
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Sciences, Hatfield, PA, USA) for 10 min and stained with crystal
violet. Subsequently, the colonies were counted and images
recorded by an inverted microscope linked up with camera. 

CCK-8 assay
Cell viability was determined with CCK-8 Kit. Saos2 and

143B were seeded into a 96-well plate (2×103 cells/well) and cul-
tured for 0, 24, 48, and 72 h. Then the cells were added with CCK-
8 solutions. The absorbance at the wavelength of 450 nm was mea-
sured with a microplate reader.

TUNEL assay
The apoptosis of OS cells was determined with the TUNEL

Apoptosis Kit (Thermo Fisher Scientific, Waltham, MA, USA).
After transfection, cells were collected and stained with DAPI in
darkness. The apoptotic cells were detected by fluorescence
microscopy (Olympus, Tokyo, Japan). Each experiment was con-
ducted in triplicate.

Wound healing assay
Cells were seeded in a 6-well plate (5×104 cells/well). A 20 μL

micropipette tip was applied to make a scratch. Then the cell cul-
tures were observed at 0 and 24 h, when the width of the scratch
was measured and normalized to baseline values.

Cell migration and invasion assay
The cells were seeded into a 24-well plate (4×103 cells/well).

The cells in the serum-free medium of the upper chamber were
treated with or without Matrigel (BD Bioscience, Franklin Lakes,
NJ, USA). Next, the lower chamber was supplemented with a cul-
ture medium containing 10% FBS, while the cells in the upper
chamber were fixed with 4% ethanol and stained with 0.05% crys-
tal violet. Finally, the cells were measured with a light microscope
(200×, Olympus).

Xenograft assay
Saos2 cells transfected with miR-1270 mimic, and miR-NC

mimic were collected and used in a xenograft assay. 9 C57BL/6
nude male mice (6 weeks old, 20-22 g) were purchased from
Institute of Laboratory Animal Sciences (Beijing, China). For each
mouse, 5×106 Saos2 cells were subcutaneously injected to the
flanks. The subcutaneous OS xenografts were established within 3
weeks, with each tumor close to 100 mm3 in volume. Mice were
randomly divided into 3 groups: blank group, miR-NC mimic
(NC), and miR-1270 mimic group. Mice were kept at 20-26 °C
with 55 ± 5% humidity, 12 h light/dark cycle, and ad libitum access
to food and water. Mice body weight and bidimensional tumor
measurements were recorded every 7 d. Then, the mice were killed
by intraperitoneal injection of sodium pentobarbital, and the
tumors’ volume and weight were measured. The experiment was
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Figure 1. Downregulated miR-1270 inhibits the proliferation and promotes the apoptosis of OS cells. A) The expression of miR-1270
in OS tissues. B) The expression of miR-1270 in OS cells. C) Cell transfection efficiency detected by qRT-PCR. D) OS cell viability
determined by CCK-8. E) OS cell proliferation detected by colony formation assay. F) The apoptosis rates of OS cells determined by
TUNEL assay. G) The apoptosis rates determined by flow cytometry. H) The protein level of Bcl-2, Bax, cleaved-Caspase-3, and cleaved-
Caspase-9 measured by Western blot. *p<0.05, **p<0.01 vs normal tissues, hFOB1.19, or NC inhibitor.
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authorized by the Ethics Committee of Renmin Hospital of Wuhan
University. 

Statistical analysis
The data were analyzed using SPSS 16.0. All data were

expressed as mean ± standard deviation (SD). Paired student t test
was applied to evaluate the difference between two groups, and
one-way ANOVA was followed by Dunnett’s post hoc test to
assess differences among multi-groups. Pearson analysis was used
for evaluating the correlation between miR-1270 and CGN. A p-
value <0.05 was considered as statistical significance.

Results

MiR-1270 modulates the proliferation and apoptosis of
OS cells

The qRT-PCR assay was performed to determine the expres-
sion level of miR-1270. As shown in Figure 1A, miR-1270 was
overexpressed in OS tissues compared to healthy control.
Moreover, the level of miR-1270 in OS cells was significantly
higher than that in normal human osteoblast cell line hFOB1.19.
Moreover, the expression in Saos2 and 143B was more remarkable
(Figure 1B). Thence, they were used in the following experiment.
In addition, the level of miR-1270 in cells transfected with miR-
1270 inhibitor was significantly decreased compared with the
miR-NC inhibitor group, suggesting that cells had been successful-

ly transfected (Figure 1C). CCK-8, colony formation, TUNEL and
flow cytometry assays were conducted to detect the roles of miR-
1270 in OS cells proliferation and apoptosis. The results showed
that downregulated miR-1270 inhibited the cell viability of Saos2
and 143B (Figure 1D). This result was paralleled with that from
the colony formation assay (Figure 1E). Moreover, the apoptosis
rates of OS cells treated with miR-1270 inhibitor were significant-
ly increased in comparison with the NC inhibitor group (Figure 1
F,G). Additionally, the down-regulation of miR-1270 increased the
protein level of proapoptotic genes, such as Bax, cleaved Caspase-
3, and cleaved Caspase-9, whereas decreased the protein level of
Bcl-2 (Figure 1H).

Knockdown of miR-1270 inhibits the migration and
invasion of OS cells

Wound healing and transwell chamber assays were utilized to
determine the migratory and invasive capacity of OS cells.
Knockdown of miR-1270 repressed the migration of Saos2 and
143B, compared with the NC inhibitor group (Figure 2A). These
results were consistent with the transwell chamber assay (Figure
2B). Consistently, downregulation of miR-1270 inhibited the inva-
sion ability of OS cells (Figure 2C). Moreover, the protein expres-
sion levels of ICAM-1 and VCAM-1 were significantly reduced in
OS cells transfected with miR-1270 inhibitor (Figure 2D).

MiR-1270 promotes tumor growth of OS in-vivo
To study the potential role of the miR-1270 on OS cell growth

in vivo, a xenograft mouse model was applied. The Saos2 cells

[page 347]

Figure 2. Downregulated miR-1270 suppresses the migration and invasion of OS cells and miR-1270 promotes tumor growth of OS
in vivo. A) The migration ability of OS cells determined by wound healing assay. B) The migration ability determined by transwell
chamber assay (magnification: 100x). C) The invasion ability of OS cells detected by transwell assay (magnification: 100x). D) The pro-
tein level of ICAM-1 and VCAM-1 determined by western blot. E) The size of OS tumor in vivo assays. F) The volume of OS tumor 
in vivo assays. G) The weight of OS tumor in vivo assays. *p<0.05 and **p<0.01 vs NC inhibitor or Blank group.
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were s.c. injected into the flanks of mice. Within 3 weeks, OS
xenografts were established, with each tumor close to 100 mm3. As
shown in Figure 2 E-G, the tumor size, volume, and weight were
significantly increased in the miR-1270 mimic group, suggesting
miR-1270 may be an onco-miRNA in OS.

CGN is a target of miR-1270
The online database TargetScan predicted CGN was a target of

miR-1270. The binding sites of miR-1270 on CGN were shown in
Figure 3A. Dual-luciferase reporter assay showed the luciferase
activity of OS cells co-transfected with miR-1270 mimic, and
CGN 3’UTR WT was significantly decreased. At the same time,
there was no significant difference between CGN 3’UTR MUT
groups (Figure 3B). MiR-1270 knockdown induced the up-regula-
tion of CGN both in mRNA and protein level (Figure 3 C,D).
Moreover, CGN was downregulated in OS tissues and cells
(Figure 3E). The expression of miR-1270 was negatively correlat-
ed with CGN (Figure 3F). 

CGN mediates the effects of miR-1270 inhibitor on the
proliferation, apoptosis, migration, and invasion of OS
cells

The OS cell line Saos2 was used in the rescue assay. As shown

in Figure 4A, CGN shRNA significantly downregulated the
mRNA level of CGN. In addition, CGN knockdown alleviated the
increase in apoptosis and the decrease in proliferation of Saos2
induced by miR-1270 inhibitor (Figure 4 B-E). Moreover, the reg-
ulatory role of miR-1270 knockdown in the expressions of Bcl-2,
Bax, and cleaved Caspase-3 and Caspase-9 were antagonized by
silenced CGN (Figure 4F). Meanwhile, the silencing of miR-1270
restored the migration and invasion ability of Saos2 cells (Figure 4
G,H).

Discussion
It has been reported that miRNAs are involved in the patho-

genesis of cancers.33 The aberrant expression of miRNA acts as a
tumor suppressor or onco-miRNA.8-11 MiR-1270 serves as an
onco-miRNA in bladder cancer, ovarian cancer, papillary thyroid
cancer, as well as an anti-tumor miRNA in glioblastoma.22,34-37

Therefore, identifying the roles of miR -1270 in OS is of vital
essence. In the present study, miR-1270 was overexpressed in OS
tissues and cells, which indicates that miR-1270 might act as an
onco-miRNA in OS. 

MiR-1270 has been reported to be involved in the progression

Figure 3. CGN is a target of miR-1270. A) The binding site of miR-1270 on CGN. B) The luciferase activity of OS cells determined by
dual reporter luciferase assay. C) The mRNA level of CGN in OS tissues and cells calculated by qRT-PCR. D) The correlation between
CGN and miR-1270. E: The mRNA level of CGN in OS cells. F) The protein level of CGN in OS cells. **p<0.01 vs normal tissues,
hFOB1.19, or NC inhibitor group.
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of cancer via regulating various biological processes, such as cell
differentiation, proliferation, migration and invasion. For instance,
overexpression of miR-1270 attenuates chemo-sensitivity and
apoptosis in bladder cancer.34 However, down-regulation of miR-
1270 inhibits the proliferation and migration of papillary thyroid
cancer.38 Interestingly, the downregulation of miR-1270 represses
the proliferation and migration of OS.22 In the present study, down-
regulated miR-1270 suppressed the proliferation, migration and
invasion of OS cells, while promoting their apoptosis. Moreover,
downregulation of miR-1270 modulated the expression of apopto-
sis-related genes (Bcl-2, Bax, Caspase-3, and Caspase-9) and
metastasis-related genes (ICAM-1 and VCAM-1).38-40 These
results suggested that miR-1270 may be an effective target for the

treatment of OS. However, the underlying mechanisms were still
unclear. Metastasis and metastasis-induced recurrence are the main
reasons for OS-related death.3,4 Generally, metastasis is accompa-
nied by the degradation of TJ. CGN, as a junctional component,
regulates scaffolding proteins and interacts with microtubules and
actin.30 CGN, or coxsackievirus and adenovirus receptor
(CXADR), is a transmembrane protein acting as a tumor suppres-
sor in breast cancer via inhibiting its migration and invasion of
breast cancer.41 MiR-16 and miR-125b have been reported to be
involved in barrier function dysregulation through the modulation
of claudin-2 and CGN expression in the jejunum in irritable bowel
syndrome with diarrhea.42 However, the roles of CGN in OS have
not been elucidated. In this study, CGN was downregulated in OS

[page 349]

Figure 4. CGN knockout mediates the proliferation, apoptosis, migration, and invasion of OS cells induced by the miR-1270 down-
regulation. A) The expression of CGN. B) OS cell viability of OS cells determined by CCK-8 assay. C) The proliferation of OS cells
determined by colony formation assay. D) The apoptosis of OS determined by TUNEL assay. E) The apoptosis rates determined by flow
cytometry. F) The expression of Bcl-2, BAX, cleaved-Caspase-3, and cleaved-Caspase-9 determined by Western blot. G,H) The migration
and invasion ability determined by transwell assay (magnification: 100x). **p<0.01 vs NC inhibitor group; ##p<0.01 vs miR-1270
inhibitor group.
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tissues and cells, suggesting that CGN may serve as an anti-tumor
gene in OS. A previous study has demonstrated that post-transla-
tional degradation of junctional proteins disrupts the TJ structure
and promotes cancer metastasis.43 miRNAs play a key post-trans-
lational role and regulate gene expression via binding to the 3’
untranslated region (3’UTR) of their target genes.44 In this study,
CGN was predicted and proved to be a target of miR-1270, and its
expression was negatively correlated with miR-1270. Intriguingly,
the effects of miR-1270 on the proliferation, apoptosis, migration
and invasion of OS cells were reversed by CGN. These results
revealed that miR-1270 targeted junctional protein CGN to regu-
late the proliferation, apoptosis, migration and invasion of OS
cells, thereby inhibiting the progression of OS.

Nevertheless, there are several constraints to this study, such as
the number of OS patients is limited, and more patients need to be
recruited to make the results fully convincing. Additionally, further
studies should be focused on the possible mechanism or signaling
pathway downstream of miR-1270. 

In conclusion, miR-1270 acted as an onco-miRNA in OS.
Furthermore, knockdown of miR-1270 inhibited the proliferation,
migration and invasion, and triggered apoptosis of OS cells via tar-
geting CGN. Thus, our results indicated that the miR-1270/CGN
axis may be a promising therapeutic target of OS.
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