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miR-29a inhibits adhesion, migration, and invasion of 
osteosarcoma cells by suppressing CDC42
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Abstract: Osteosarcoma is one of the most common tumors of the bone in children and adolescents worldwide. 
The relapse and metastasis of osteosarcoma are a major therapeutic challenge. Recently, several metastasis regu-
lators, including miRNAs, kinases, and lncRNAs, were reported in osteosarcoma. Identifying novel regulators of 
metastasis will be useful to explore novel biomarkers for osteosarcoma. The present study showed miR-29a over-
expression significantly inhibited HOS and MG-63 cell adhesion, invasion, and migration. About 70% of the wound 
area was repaired by migrating cells after 24 h in the control group, and only 50% of the wound area was repaired 
in the miR-29a overexpression group. The numbers of invading cells were decreased by 40% and 50% in HOS and 
MG-63 cells transfected with miR-29a, respectively, compared with the negative control group. Moreover, the pres-
ent study validated that CDC42 was a direct target of miR-29a in OS cells. In conclusion, miR-29a may serve as a 
therapeutic target for osteosarcoma.
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Introduction

Osteosarcoma is one of the most common 
tumors of the bone in children and adoles- 
cents worldwide. The relapse and metastases 
of osteosarcoma are a major therapeutic ch- 
allenge. Osteosarcoma often results in lung 
metastasis, which usually causes a low 5-year 
survival rate. Metastasis involves multiple st- 
eps, including migration into systemic or lym-
phatic vasculature, extravasion, colonization to 
distal sites, adaptation to the microenviron-
ment, and proliferation [1, 2]. Recently, several 
metastasis regulators, including miRNAs, kinas- 
es, and lncRNAs, were reported in osteosar- 
coma [3-7]. For example, LncRNA NEAT1 pro-
motes osteosarcoma metastasis by binding to 
the G9a-DNMT1-Snail complex [8]. Identifying 
novel regulators of metastasis will be useful to 
explore novel biomarkers for osteosarcoma.

MicroRNAs, a type of small non-coding RNAs 
with 18-25 bps in length, have been involved in 
the progression of various cancers by regulat-

ing cell proliferation, apoptosis, and metasta-
sis. miR-29a was observed to be down-regu- 
lated in prostate cancer [9], hepatocellular  
carcinoma [10], Burkitt lymphoma [11], and 
non-small cell lung cancer [12]. miR-29a func-
tioned as a tumor suppressor by inhibiting a 
series of targets, such as SIRT1, IGF1R [13], 
CDK6 [14], and CDC42 [15]. Interestingly, sev-
eral studies had reported that miR-29a was 
involved in cancer metastasis regulation. For 
example, miR-29a suppressed metastasis in 
papillary thyroid carcinoma by targeting AKT3 
[16], inhibited cell migration and invasion by 
targeting Robo1 in gastric cancer [17], and 
inhibited prostate cancer migration and inva-
sion by targeting LAMC1 [18]. However, the 
roles of miR-29a in osteosarcoma remained 
largely unclear.

The present study aimed to explore the roles  
of miR-29a in regulating osteosarcoma metas-
tasis by using a gain of function assay. The 
present study hopes to provide useful infor- 
mation to validate whether miR-29a could ser- 
ve as a therapeutic target for osteosarcoma.
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Material and methods

Cell culture and transfection

HOS and MG-63 were obtained from Cell Bank 
of Chinese Academy of Sciences (Shanghai, 
China). The cell lines were confirmed by short 
tandem repeat (STR) analysis. The cell lines 
were cultured in RPMI-1640 medium (Corn- 
ing, USA) supplemented with 10% FBS (PAN, 
German) at 37°C with 5% CO2. Mimics for miR-
29a and negative control (NC) were supplied by 
HuaGene (China). The cell lines were seeded  
in a 6-well plate and cultured for 24 h. Then 
cells were subsequently transfected using Hi- 
PerFect (Qiagen) following the manufacturer’s 
instructions. 

RNA extraction and quantitative RT-PCR 

Total RNA for RT-qPCR was extracted using 
TRIeasy Total RNA Extraction Reagent TRIeasy 
(YeaSen, China). FastKing gDNA Dispelling RT 
SuperMix (TIANGEN, China) was used to Re- 
verse transcription (RT). miR-29a-specific RT 
primer was supplied by GenePharma (Shang- 
hai, China). For analysis of microRNA expres-
sion, RT-qPCR was performed using BeyoFast 
SYBR Green qPCR Mix (Beyotime, China) on the 
LightCyclerR480. The expression level of miR-
29a was normalized to U6. The PCR primers for 
miR-29a and U6 were designed and purchased 
from HuaGene. The 2-ΔΔCt method was used to 
calculated data. The experiment was repeated 
at least three times. 

Cell adhesion assay

Matrigel was formulated as a 0.04 ug/ul artifi-
cial basement membrane gel using serum-free 
medium RPMI-1640. 2 ug Matrigel/well was 
placed in a 96-well plate and then air-dried 
overnight in a super-clean bench; 100 ul serum-
free RPMI-1640 and 5000 cells were mixed, 
then the cells were seeded in 96-well plates 
and incubated for 2 hours, then the cells ad- 
hered to Matrigel were washed twice in PBS, 
fixed in methanol for 10 minutes, then stain- 
ed with DAPI, and observed under a fluores- 
cent microscope (Olympus, Japan) to count the 
number of adherent cells. Each experiment  
was repeated at least three times.

Wound scratch assay

A wound scratch assay was used to detect cell 
migration. Briefly, HOS and MG-63 cells were 

plated on 6-well plates at a density of 2×105 
cells/well. Scratches were performed with a 
sterile 10-μl pipette tip. Then, the cells were 
washed twice with PBS. The images of the  
wells were captured after 0, 12, and 24 hours 
using an inverted microscope. All experiments 
were repeated three times.

Cell invasion assay

A cell invasion assay was performed using Tr- 
answell plates (8-mm pore size, Corning, USA) 
with Matrigel (BD, USA). Briefly, 200 μl Matrigel 
was mixed with 1 mL RPMI-1640, then 100 μl 
mixture was added into each upper chamber of 
the system. Then the upper chamber of the  
system was placed in a cell culture incubator 
overnight to solidify Matrigel. Cells (6,000 ce- 
lls/well) were placed in the upper chamber of 
the system incubated with RPMI-1640. The bot-
tom hole was filled with RPMI-1640 supple-
mented with 10% FBS. Then the transwell sys-
tem was incubated at 37°C with 5% CO2 for 24 
hours. Then the uninvaded cells in the upper 
chamber were removed, and invaded cells were 
stained with DAPI and observed by a fluores-
cent microscope (Olympus, Japan). Each exper-
iment was repeated at least three times.

Western blot analysis

We placed the cell culture dish on ice 48 hours 
after transfection and washed the cells with 
ice-cold PBS. PBS was aspirated, after which 
was added 0.5 mL ice-cold lysis buffer, and the 
cell suspension was collected. Suspension was 
centrifuged at 12000 rpm for 10 minutes at 
4°C, and the supernatant was removed. The 
protein content was measured by the Bradford 
method. Then the protein detection mixture 
was prepared. We boiled the mixture in boiling 
water for 5 minutes, immediately transferred it 
to ice for 5 minutes, and then centrifuged at 
12,000 rpm for 1 minute at room temperature. 
30 μg of protein were loaded into the wells of 
the 15% SDS-PAGE gel, and the gel was run for 
1.5 h at 100 V. Antibody staining was done fol-
lowing the manufacturer’s instructions. CDC42 
Antibody was purchased from Proteintech (Chi- 
cago, USA. Catalog number: 10155-1-AP).

Dual-Luciferase reporter assay

Luciferase reporter assay was performed using 
the Dual-Luciferase Reporter Assay System 
(Promega, Madison, USA) following the manu-
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facturer’s instructions. In brief, 3’UTR of CDC42 
was cloned into the vector psiCHECK2 (Pro- 
mega, USA). All plasmids were verified by DNA 
sequencing. After 48 h transfection, GloMax 96 
Microplate Luminometer was used to detect 
the Dual-Luciferase.

Statistical analysis

The data were presented as the mean ± stan-
dard deviation. Based on the test conditions, 
statistical comparisons between standardized 
data sets were performed using either the 
T-test or the Mann-Whitney U test. P<0.05 was 
considered significant. Each experiment was 
repeated at least three times.

Results

MiR-29a inhibits HOS and MG-63 cell adhe-
sion ability

The present study evaluated the effect of miR-
29a on OS metastasis. Metastasis is a com- 

plex process involved in cancer cell adhesion, 
migration, and invasion. We overexpressed 
miR-29a in HOS and MG-63 cell lines and  
performed cell adhesion assays. The results 
showed that miR-29a overexpression signifi-
cantly inhibited HOS (Figure 1A and 1C) and 
MG-63 (Figure 1B and 1D) cell adhesion to the 
plates. 

MiR-29a inhibits HOS and MG-63 cell migra-
tion

Furthermore, the present study explored the 
role of miR-29a in regulating OS migration by 
using a wound-healing assay in MG-63 cell 
lines. As shown in Figure 2, we found about 
70% of the wound area was repaired by migrat-
ing cells after 24 h in the control group, and 
only 50% of the wound area was repaired in 
miR-29a overexpression group.

Next, the present study performed a transwell 
assay to detect the effect of miR-29a on cell 

Figure 1. Overexpression of miR-29a overexpression significantly inhibited HOS and MG-63 cell adhesion. A, C. Over-
expression of miR-29a significantly inhibited HOS adhesion. B, D. Overexpression of miR-29a significantly inhibited 
MG-63 adhesion. Data are presented as the mean ± SD (n=3). *, P<0.05; **, P<0.01.
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Figure 2. Overexpression of miR-29a inhibits MG-63 cell wound healing ability. The wound healing assay indicated 
that overexpression of miR-29a inhibits MG-63 cell migration ability, in contrast with the negative control group.

Figure 3. Overexpression of miR-29a inhibits HOS and MG-63 cell migration. A, C. Overexpression of miR-29a signifi-
cantly inhibited HOS migration. B, D. Overexpression of miR-29a significantly inhibited MG-63 migration. Data are 
presented as the mean ± SD (n=3). ***, P<0.001.

migration. Our results showed that migrating 
cells in the miR-29a overexpression group were 

significantly decreased in the control group in 
the HOS cell line (Figure 3A and 3C). Of note, 
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Figure 4. Overexpression of miR-29a significantly inhibited HOS and MG-63 cell invasion. A, C. Overexpression of 
miR-29a significantly inhibited HOS invasion. B, D. Overexpression of miR-29a significantly inhibited MG-63 inva-
sion. Data are presented as the mean ± SD (n=3). ***, P<0.001.

the present study observed a similar result in 
the MG-63 cell line (Figure 3B and 3D). These 
results suggested miR-29a inhibited HOS and 
MG-63 cell migration. 

MiR-29a inhibits HOS and MG-63 cell invasion

The present study also detected the invasion 
ability of HOS and MG-63 cells by estimating 
the penetration of cells through Matrigel in a 
transwell chamber. As illustrated in Figure 4, 
the present study found miR-29a significantly 
inhibited cell invasion in HOS (Figure 4A and 
4C) and MG-63 cells (Figure 4B and 4D). The 
numbers of invading cells were decreased by 
40% and 50% in HOS and MG-63 cells trans-
fecting with miR-29a, respectively, compared 
with the negative control group.

Bioinformatics analysis revealed potential 
targets of miR-29a 

To explore the mechanisms of miR-29a under- 
lying osteosarcoma metastasis, bioinformatics 

analysis was done using three online public 
softwares, including TARGETSCAN (http://www.
targetscan.org/), STARBASE [19], and MIRDB 
[20, 21]. A total of 278 targets were identified 
as the potential targets of miR-29a (Figure 5A). 

Then ClueGO plugin in Cytoscape software was 
used to predict the molecular function of miR-
29a targets. As shown in Figure 5B, the pres-
ent study found that miR-29a was mainly in- 
volved in regulating focal adhesion, negative 
regulation of translation, and homophilic cell 
adhesion through plasma membrane adhesion 
molecules. The focal adhesion pathway was 
reported to be linked to cancer metastasis. A 
total of 19 genes were associated with the re- 
gulation of focal adhesion, including PDGFB, 
CCND2, PTEN, CAV2, CDC42, COL1A1, COL2A1, 
COL4A2, COL4A5, ITGA11, AKT3, PIK3R1, PD- 
GFC, PIK3R3, COL4A1, COL4A3, COL4A4, IT- 
GA6, and LAMC1.

The RT-qPCR assay was used to detect the 
effect of miR-29a on these genes’ expression. 
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Figure 5. Analysis and identification of potential targets of miR-29a. A. The potential targets of miR-29a revealed 
by TARGETSCAN, STARBASE, and MIRDB. B. The molecular function of miR-29a targets predicted by ClueGO plugin 
in Cytoscape software. C. Overexpression of miR-29a significantly suppressed the mRNA expression of CDC42, 
COL1A1, COL4A3, and COL4A4.

The present study found that overexpression of 
miR-29a significantly suppressed the expres-
sion of CDC42, COL1A1, COL4A3, and COL4A4 
(Figure 5C). 

CDC42 is a direct target of miR-29a in osteo-
sarcoma cells

Previous studies had shown that CDC42 was 
involved in regulating cancer metastasis. The 
present study also revealed that CDC42 was 
regulated by miR-29a in osteosarcoma cells. 
Overexpression of miR-29a significantly sup-
pressed CDC42 expression in both HOS and 
MG-63 cells (Figure 6A and 6B). Western blot 
analysis showed that CDC42 protein levels 
were down-regulated after overexpressing miR-
29a (Figure 6C). 

TARGETSCAN analysis showed miR-29a could 
bind to 3’UTR of CDC42 at site 564 (Figure 6D). 
Luciferase reporter assay showed that miR-29a 
significantly reduced the luciferase expression 
in HOS cells compared to NC. However, overex-
pression of miR-29a did not affect the lucifer-
ase expression of the CDC42 mut plasmid 
(Figure 6E). The results showed that miR-29a 
could bind to the 3’-UTR of CDC42 to downregu-
late its expression.

Interestingly, the present study found higher 
expression of CDC42 was weakly correlated to 
a shorter overall survival time and metastasis-
free survival time in patients with osteosarco-
ma (Figure 6F and 6G).

Discussion

Previous studies showed that the relapse and 
metastases of osteosarcoma remain a thera-
peutic challenge. Recent reports had revealed 
a series of miRNAs were involved in OS metas-
tasis regulation. For example, miR-384 [22], 
miR-372-3p [23] and miR-223-3p [24] were 
reported to inhibit cell metastasis in osteosar-
coma cells. Wang et al. reported lncRNA GAS5 
inhibited osteosarcoma metastasis by binding 
to miR-203a [25]. Of note, circular RNA circ-
NT5C2 is involved in promoting osteosarcoma 
metastasis through sponging miR-448 [26]. 

The present study evaluated the roles of miR-
29a in regulating osteosarcoma metastasis by 
using a gain of function assay and for the first 
time, demonstrated miR-29a was a metastasis 
suppressor in OS.

miRNA is an important post-transcriptional reg-
ulator of gene expression and is involved in 
regulating a series of biologic processes, in- 
cluding differentiation, proliferation, cell-cycle, 
apoptosis, and metabolism. MiR-29a was ob- 
served to be a tumor suppressor in many can-
cers, including prostate cancer, hepatocellular 
carcinoma, and non-small cell lung cancer by 
inhibiting cell proliferation, the cell cycle, and 
metastasis. In human gastric cancer, miR-29a 
inhibits cell proliferation and cell cycle progres-
sion by inhibiting p42.3 [27]. In pancreatic can-
cer, miR-29a was a tumor suppressor though 
targeting the MUC1 [28]. In prostate cancer, 
miR-29a promotes apoptosis by regulating 
KDM5B [29]. Interestingly, several studies had 
reported that miR-29a was involved in cancer 
metastasis regulation. For example, miR-29a 
suppressed metastasis in papillary thyroid car-
cinoma by targeting AKT3 [16], inhibited cell 
migration and invasion by targeting Robo1 in 
gastric cancer [17] and inhibited prostate can-
cer migration and invasion by targeting LAMC1 
[18]. However, the role of miR-29a in osteosar-
coma remained largely unclear. In this study, 
we explored the role of miR-29a in regulating 
OS adhesion, migration, and invasion. Our re- 
sults showed that miR-29a overexpression sig-
nificantly inhibited cell adhesion to plates. Mo- 
reover, the present study found miR-29a sup-
pressed OS migration and invasion by using a 
wound-healing assay and transwell assay. 

To explore the mechanism of miR-29a underly-
ing osteosarcoma metastasis, the present 
study conducted bioinformatics analysis. Bio- 
informatics analysis revealed that miR-29a was 
involved in regulating focal adhesion. The focal 
adhesion pathway was reported to be linked to 
cancer metastasis. The present study found 
that overexpression of miR-29a significantly 
suppressed the expression of CDC42, COL1A1, 
COL4A3, and COL4A4. Moreover, CDC42 was 
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Figure 6. CDC42 is a direct target of miR-29a in osteosarcoma cells. (A, B) Overexpression of miR-29a significantly 
suppressed CDC42 mRNA expression in both HOS (A) and MG-63 (B) cells. (C) Overexpression of miR-29a sig-
nificantly suppressed CDC42 protein levels in HOS cells. (D) TARGETSCAN analysis showed miR-29a could bind to 
3’UTR of CDC42 at site 564. (E) Luciferase reporter assay showed that miR-29a significantly reduced the luciferase 
expression in HOS cells compared to NC. (F, G) Higher expression of CDC42 was weakly correlated to the shorter 
overall survival time (F) and metastasis-free survival time (G) in patients with osteosarcoma.

validated as the direct target of miR-29a in 
osteosarcoma. Higher expression of CDC42 

was correlated to the shorter overall survival 
time and metastasis-free survival time in pa- 
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tients with osteosarcoma. According to previ-
ous studies, CDC42 was suppressed by miR-
29a in human gliomas, non-small cell lung can-
cer, and breast cancer. Here, the present stu- 
dy for the first time demonstrated CDC42 was 
also a direct target of miR-29a in osteosarco-
ma. CDC42 is up-regulated and correlated to 
the prognosis in multiple cancer types. CDC42 
regulates cancer cell proliferation, cycling, and 
metastasis. For example, Du et al. found kno- 
ckdown of CDC42 markedly inhibited the mi- 
gration and invasion of gastric cancer cells 
[30]. These reports and our findings showed 
that miR-29a/CDC42 regulated osteosarcoma 
metastasis.

Conclusion

In conclusion, the present study demonstrates 
that miR-29a inhibits cell adhesion, invasion, 
and migration in osteosarcoma though target-
ing CDC42. These results provided useful infor-
mation to explore whether miR-29a could serve 
as a target for osteosarcoma therapy. Of note, 
further studies are needed to clarify the mech-
anisms of miR-29a underlying OS progression.
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