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miR-29c inhibited adhesion, migration and  
invasion of osteosarcoma cells
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Abstract: Background: Osteosarcoma (OS) is one of the most frequent bone tumors in young patients worldwide. 
Emerging studies demonstrate that miRNAs play important roles in human cancer tumorigenesis and progression. 
Many miRNAs were reported to play either oncogenic or tumor-suppressive roles in osteosarcoma. Methods: In the 
present study, RT-PCR was performed to detect miR-29c’s expression. CCK-8 assays were performed to evaluate 
changes in cell proliferation. Cell cycle, adhesion, migration, and invasion were detected by flow cytometry assay, 
fluorescence microscopy, and transwell assay, respectively. The potential targets of miR-29c were identified by using 
Starbase. A public GEO dataset, GSE42352, was analyzed to identify OS-related genes. In combination with these 
analyses, a miR-29c regulatory network in OS was constructed. Bioinformatics analysis CRKL was found to be a 
target of miR-29c. Results: We found that miR-29c is a novel metastasis regulator of OS by inhibiting cell adhesion, 
invasion, and migration. Furthermore, a miR-29c regulatory network was constructed to clarify the mechanisms 
of miR-29c underlying OS progression. CRKL was found to be a target of miR-29c in OS. Conclusion: The results 
showed miR-29c plays important roles in OS and may serve as a biomarker.
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Introduction

Osteosarcoma is a common bone tumor in 
young patients worldwide. Emerging studies 
demonstrate miRNAs play important roles in 
human cancer tumorigenesis and progression. 
miRNAs could play either oncogenic or tumor-
suppressive roles in osteosarcoma. For exam-
ple, microRNA-544 [1], miR-27-3p [2], microR-
NA-411 [3], and miRNA-20a [4] promote cell 
proliferation, however, microRNA-140 [5], miR-
141-3p [6], microRNA-124a [7] and miR-365 
[8] inhibit tumor progress in osteosarcoma. 
More research into the function of miRNAs can 
improve the understanding of osteosarcoma 
and its related factors.

miR-29c was found to be aberrantly expressed 
in various cancers, such as colorectal cancer 
[9], schwannoma [10], and hepatocellular carci-
noma [11]. miR-29c is involved in regulating cell 
proliferation [12], cell cycle [13], glycolysis [14], 
apoptosis [15], invasion [16], migration [17] 
and radioresistance [18], in cancer cells. For 

example, Li et al. reported that miR-29c could 
inhibit prostate cancer proliferation through 
inhibiting SLC2A3 [14]. Zhang et al. reported 
that miR-29c reduced colorectal cancer cell 
migration by targeting SPARC [19]. Moreover, 
miR-29c can suppress colon cancer cell inva-
sion and migration through inhibition of PHL- 
DB2 [20]. Recently, a few studies suggested 
the potential roles of the miR-29 family in osteo-
sarcoma. For instance, Hong et al. found that 
the serum levels of miR-29a and miR-29b could 
estimate the prognosis of patients with osteo-
sarcoma [21]. Also, the miR-29 family together 
with IGF1 3’UTR promoted angiogenesis in 
osteosarcoma [22]. However, the roles of miR-
29c in osteosarcoma remain largely unknown.

Materials and methods

Cell culture and transfection

HOS and MG-63 cells were purchased from  
Cell Bank of Chinese Academy of Sciences 
(Shanghai, China). The RPMI 1640 medium 
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(Corning, USA; 10% FBS, ScienCell, USA) was 
used to culture cells in an incubator with 5% 
CO2 at 37°C. Mimics for miR-29c and negative 
control (NC) were designed and purchased 
from BioTNT (China). The cells were plated in a 
6-well plate and incubated for 24 h. Then the 
cells were subsequently transfected using 
FuGENE6 (Roche) according to the manufac-
turer’s instructions. 

Quantitative RT-PCR (qRT-PCR)

Total RNA for RT-qPCR was extracted using 
PureYieldTM RNA Midiprep System (Promega, 
USA). FastQuant RT Super Mix (TIANGEN, China) 
was used to perform reverse transcription (RT). 
Quant One Step RT-qPCR Kit (SYBR Green) 
(TIANGEN, China) was used to perform the 
quantitative RT-PCR (qRT-PCR). U6 was select-
ed as a reference. The PCR primers for miR-29c 
and U6 were designed and obtained from 
BioTNT. The primer sequence: miR-29c sen- 
se, 5’-TGACCGATTTCTCCTGGTGTTC-3’, miR-29c 
antisense, 5’-GCGAGCACAGAATTAATACGAC-3’; 
U6 sense, 5’-CTCGCTTCGGCAGCACA-3’, U6 
antisense, 5’-GCGAGCACAGAATTAATACGAC-3’. 
The primer sequence for CRKL: forward, 
5’-GTGCTTATGACAAGACTGCCT-3’; reverse, 5’- 
CACTCGTTTTCATCTGGGTTT-3’. The 2-ΔΔCt me- 
thod was used to analyze the miRNA expres-
sion. Each sample was performed in triplicate.

Cell proliferation and cell cycle assay

CCK-8 assays were performed to detect cell 
proliferation at 0, 24 h, 48 h, 72 h, and 96 h 
after transfection. Ten µl CCK-8 was added to 
100 µl medium, then incubated for 1.5 h. After 
1.5 h incubation, the absorbance at 450 nm 
and 630 nm (reference absorbance) were mea-
sured by a microplate reader. Cell cycle assay 
was performed by fluorescence-activated cell 
sorting (FACS) flow cytometer (BD Biosciences, 
USA).

In vitro cell adhesion assay 

Using 96-well plates we added 50 μl/well mix 
(25 μl Matrigel and 25 μl serum-free 1640 
medium). The transfected cells were cultured in 
the 96-well plates for 1 hour. Then the cells 
were harvested and imaged. The cell number 
was counted in a fluorescence microscope 
(Olympus, Japan). Each experiment was repeat-
ed at least in triplicates.

Cell migration 

The plates for cell migration assay were pur-
chased from Corning Life Sciences (Lowell, 
MA). The matrigel basement membrane ma- 
trix was purchased from BD Biosciences (1 mg/
ml; Franklin Lakes, NJ). The transfected cells 
(5×104 cells/well) were seeded into the upper 
chamber (pre-coated matrigel basement mem-
brane matrix) and cultured with RPMI 1640  
(2% FBS). The bottom wells were filled with 
RPMI 1640 (10% FBS). The number of invading 
cells was calculated after 24 hours of being 
cultured.

Dual-Luciferase reporter assay

Dual-Luciferase Reporter Assay System (Pr- 
omega, USA) was used to perform dual-Lucifer-
ase reporter assay according to the manufac-
turer’s instructions. In brief, the CRKL 3’-UTR 
fragment containing the miR-29c seed 
sequence (5’-GCTGCCAGAGAAAGTTCCTGCTG- 
3’) and its mutant form (5’-GCTGCCAGAG- 
AAAGTACCACGAG-3’) were synthesized and 
cloned into the vector psiCHECK2 (Promega, 
USA). All plasmids were verified by DNA 
sequencing. After 48 h transfection, GloMax 96 
Microplate Luminometer was used to detect 
the Dual-Luciferase.

Western blot analysis

After transfection for 48 h, the cells were  
harvested by and washed with ice-cold PBS on 
ice. Aspiration of the PBS, then added 0.5 mL 
ice-cold lysis buffer, and collected the cell sus-
pension. Centrifugation of the cell suspen- 
sion at 12,000 rpm for 10 minutes at 4°C,  
and take the supernatant. The protein content 
was measured by the Bradford method. Then 
the protein detection mixture was prepared, 
boiled the mixture in boiling water for 5  
minutes, immediately transferred to ice for 5 
minutes, and then centrifuged at 12,000 rpm 
for 1 minute at room temperature. Load 30 μg 
of protein into the wells of the 15% SDS- 
PAGE gel, run the gel for 1.5 h at 100 V. Antibody 
staining was following the manufacturer’s 
instructions. The primary antibodies were  
CRKL (1:2000, Genex, USA), GAPDH (1:2000, 
Abcam, San Francisco, USA. Catalog number: 
ab8245).
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Statistical analysis

Mean ± standard deviation (SD) was used to 
analyze the raw data. The t-test was used to 
perform the statistical comparison between 
the two groups. A P < 0.05 was selected as 
significant.

Result

Overexpression of miR-29c did not affect cell 
proliferation in osteosarcoma

Research has found that miR-29c acts as a 
tumor suppressor in human cancers. Here, we 
first evaluate the effect of miR-29c on cell pro-
liferation. By transfecting cells with miR-29c 

mimics, its expression levels were significantly 
induced by more than 1000 fold in HOS cells 
(Figure 1A). Then we detected cell growth by 
using the CCK-8 assay. As shown in Figure 1B, 
the present study observed that miR-29c over-
expression had no effect on cell proliferation in 
HOS cells. 

We next check the cell cycle progression follow-
ing transfecting with either miR-29c or NC. As 
expected, we found that the percentage of G1, 
S, and G2 phase cells have no difference 
between miR-29c and NC groups in HOS cells 
(Figure 1C, 1D). Our results showed that miR-
29c did not affect cell proliferation and cell 
cycle in the OS.

Figure 1. miR-29c did not affect proliferation in OS. A. Transfection efficiency was shown. B. Overexpress miR-29c 
did not affect proliferation in OS cell line HOS. C, D. Overexpress miR-29c did not affect cell cycle in OS cell line HOS.
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MiR-29c inhibits HOS and MG-63 cell adhe-
sion ability

Then, we evaluated the effects of miR-29c on 
metastasis, including cell adhesion, migration, 
and invasion ability. The cell adhesion was 
identified by the cell adherence assay. As 
shown in Figure 2, miR-29c notably inhibited 
the adhesion of HOS and MG-63 cells in com-
parison with the negative control. 

MiR-29c inhibits HOS and MG-63 cell migra-
tion and invasion

Furthermore, we explore the roles of miR-29c in 
regulating OS migration by using a transwell 
assay. As illustrated in Figure 3, we observed 

that miR-29c overexpression significantly de- 
creased migrating cells of HOS and MG-63 
cells compared to the negative control. Our 
results also showed that miR-29c significantly 
inhibited cell invasion by 40% and 30% in HOS 
and MG-63 cells respectively, compared with 
the NC group (Figure 4). 

Bioinformatics analysis of miR-29c in OS

Our results showed that miR-29c suppressed 
OS cell metastasis. However, the mechanisms 
of miR-29c underlying this progression re- 
mained unclear. Previous studies showed a 
miRNA could bind to a series of targets to regu-
late cancer progression. Therefore, the present 
study aims to construct a miR-29c regulatory 

Figure 2. miR-29c inhibits osteosarcoma cells adhesion ability. (A-D) Adhesion of HOS (A, B) and MG-63 (C, D) cells 
after miR-29c and NC transfection were counted by transwell assay. MiR-29c inhibited cell adhesion of osteosar-
coma cells (*, P < 0.05).
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network in OS. Starbase was used to explore 
the targets of miR-29c. A total of 1646 targets 
were identified. Next, the present study ana-
lyzed a public GEO dataset, GSE42352, to iden-
tify OS-related genes. In combination with 
these analyses, we constructed a miR-29c 
regulatory network in OS, which included 310 
mRNAs. 

Bioinformatics analysis showed miR-29c was 
associated with Sertoli cell proliferation, cellu-
lar response to amino acid stimulus, anterior/
posterior pattern specification, response to 
gamma radiation, regulation of cell shape, skel-
etal system development, skin development, 
and cell differentiation. Interestingly, the pres-

ent study observed miR-29c was significantly 
involved in regulating cancer metastasis-relat-
ed pathways, such as regulation of cell shape, 
cell differentiation, TGF beta receptor signaling 
pathway, and cell adhesion, which was consis-
tent with our previous results (Figure 5A). KEGG 
pathway analysis revealed miR-29c was associ-
ated with Protein digestion and absorption, 
Focal adhesion, microRNAs in cancer, Axon 
guidance, Platelet activation (Figure 5B). 

CRKL is a direct target of miR-29c  

By analyzing Starbase, we found CRKL may be 
one of miR-29c’s direct targets, and it is 
involved in the regulation of Focal adhesion 

Figure 3. miR-29c inhibits osteosarcoma cell migration. (A, B) Migration of HOS and MG-63 (C, D) cells after miR-29c 
and NC transfection was counted by transwell assay. MiR-29c inhibited cell migration of osteosarcoma cells (*, P < 
0.05, ***, P < 0.001).
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pathway. Bioinformatics analysis showed that 
miR-29c could directly bind to the 3’UTR of 
CRKL (Figure 6A). Luciferase reporter assays 
showed the Luciferase expression of the plas-
mids containing 3’UTR of CRKL was significant-
ly reduced after overexpressing miR-29c. 
Furthermore, fluorescence intensity was not 
changed in cells transfected with plasmids con-
taining the CRKL 3’UTR mutation of CRKL 
(Figure 6B).

RT-PCR assay showed that miR-29c could 
decrease the mRNA levels of CRKL in both 
HOS-1 and MG-63 cells (Figure 6C, 6D). 
Western blot assay was further conducted and 
showed that the protein levels of CRKL in HOS-1 

and MG-63 cells were suppressed after overex-
pressing miR-29c (Figure 6E).

Discussion

Previous reports have suggested that metasta-
sis is a significant cause of cancer deaths 
worldwide. Metastasis is a complex process 
involved in cancer adhesion, migration, and 
invasion. miRNAs are highly conserved and 
widely identified in animals and plants. 
Emerging studies have shown that miRNAs play 
crucial roles in cancer metastasis. For example, 
miR-21, miR-101, and miR-488 could suppress 
cancer cell metastasis [23-25]. However, miR-
103/107, miR-17-5p and miR-21 enhanced 
tumor metastasis [26-28]. Osteosarcoma lung 

Figure 4. miR-29c inhibits osteosarcoma cell invasion. (A, B) Invasion of HOS and MG-63 (C, D) cells after miR-29c 
and NC transfection were counted by transwell assay. MiR-29c inhibited cell invasion of osteosarcoma cells (*, P < 
0.05, ***, P < 0.001).
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metastasis is one of the main challenges in 
treatment, which causes a low 5-year survival 
rate. In the present study, we demonstrated 
that miR-29c was a novel cancer metastasis 
regulator in osteosarcoma.

miR-29c was found to suppress tumor progress 
in various cancers. miR-29c regulates radiore-
sistance and suppress tumor progress by regu-
lating Bcl-2, Mcl-1, and VEGFA in lung cancer 
and inhibits cell growth by targeting ITGB1 in 
pancreatic cancer [29]. In osteosarcoma, limit-
ed reports showed miR-29 family was involved 
in tumor prognosis and angiogenesis [30]. 
However, the roles of miR-29c in osteosarcoma 
still need more exploring. In this study, we 
reported that miR-29c also served as a tumor 
suppressor in OS, which was consistent with 
previous study. Overexpress miR-29c had no 
effect on the proliferation and cell cycle pro-
gression in OS but significantly inhibited OS 
metastasis by suppressing cell adhesion, 
migration, and invasion.  

In this study, our results showed miR-29c sup-
pressed OS cell metastasis. However, the 
mechanisms of miR-29c underlying this pro-
gression remained unclear. A series of miR-29c 
targets were identified in previous studies, 

including SLC2A3, SPAR, PHLDB2, LAMTOR3, 
and LOXL2. Recently, other kinds of noncoding 
RNAs, including long noncoding RNAs and cir-
cular RNAs, could also serve as miR-29c tar-
gets. Of note, many studies have revealed that 
miRNA could bind to a series of targets in the 
cell to regulate cancer progression. Constru- 
cting a miRNA mediated regulatory network 
could provide system insight to explain how  
this miRNA regulates tumor progression. In  
this study, we used four datasets, including 
TargetScan, Starbase, miRDB, and miRWALK, 
to identify the potential targets of miR-29c. 
Then, the present study analyzed a public GEO 
dataset, GSE42352, to identify OS-related tar-
gets of miR-29c and constructed a miR-29c 
regulatory network in OS, which included 310 
mRNAs. Interestingly, the present study 
observed miR-29c was significantly involved in 
regulating cancer metastasis-related path-
ways, such as regulation of cell shape, cell dif-
ferentiation, TGF beta receptor signaling path-
way, and cell adhesion, which was consistent 
with our previous results.

CRKL is a member of the CRK family. Previous 
studies have indicated that CRKL was dysregu-
lated in multiple human cancers, such as lung 

Figure 5. GO (A) and KEGG (B) analysis of MiR-29c in OS.
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cancer, endometrial carcinoma, and colorectal 
cancer. CRKL was found to be an oncogene in 
cancer cells through regulating cell prolifera-
tion and apoptosis. Of note, CRKL was found to 
be a metastasis promoter in human cancers. 
For instance, miR-429-CRKL could affect hepa-
tocellular carcinoma migration and invasion by 
regulating the adhesion ability and cytoskele-
ton F-actin expression. CRKL promoted breast 
cancer metastasis through positively regulating 
the ERK1/2 signaling pathway. In this study, we 
identified that CRKL was a direct target of miR-
29c. Overexpress miR-29c significantly inhibit-
ed the expression of CRKL. These results sug-
gested that miR-29c suppressed OS migration 
and invasion through CRKL.

Conclusion

In conclusion, we demonstrated that miR-29c 
is a novel metastasis regulator of OS by inhibit-
ing cell adhesion, invasion, and migration. 
Furthermore, a miR-29c regulatory network 
was constructed to clarify the mechanisms of 
miR-29c underlying OS progression. Moreover, 
we found that CRKL was a target of miR-29c. 
These results suggest that miR-29c plays 
important roles in OS and may serve as a bio-
marker for OS.
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Figure 6. CRKL is a direct target of miR-29c in OS. (A) Bioinformatics analysis showed that miR-29c could directly 
bind to the 3’UTR of CRKL. (B) Luciferase reporter assays showed overexpress miR-29c significantly reduced the 
luciferase expression of the plasmids containing 3’UTR of CRKL, but not the plasmids containing the CRKL 3’UTR 
mutation of CRKL. (C, D) RT-PCR assay showed that miR-29c could decrease the mRNA levels of CRKL in both HOS-
1 and MG-63 cells. (E) Western blot assay showed that the protein levels of CRKL in HOS-1 and MG-63 cells were 
suppressed after overexpressing miR-29c (E).
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