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miR-29a-3p mitigates the development of osteosarcoma through modulating
IGF1 mediated PI3k/Akt/FOXO3 pathway by activating autophagy
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ABSTRACT

Osteosarcoma (0S), occurring in mesenchymal tissues and with a high degree of malignancy, is
most common in children and adolescents. At present, we intend to figure out the expression and
functions of miR-29a-3p in OS development. Reverse transcription-polymerase chain reaction (RT-
PCR) was adopted to monitor the expression of miR-29a-3p and IGF1 in OS tissues and adjacent
non-tumor tissues. Then, the 3- (4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazoliumromide
(MTT) assay, colony formation experiment, western blot and Transwell assay were conducted to
validate OS cell proliferation, colony formation ability, apoptosis, migration and invasion. Next, the
association between miR-29a-3p and IGF1 was corroborated by the dual-luciferase reporter assay
and the Pearson correlation analysis. Finally, WB was implemented to test the levels of autophagy-
related proteins LC3-I/LC3-ll, Beclin-1, p62, and the IGF-1 R/PI3k/Akt/FOXO3 axis in OS cells. As
a result, miR-29a-3p was down-regulated in OS tissues (versus adjacent non-tumor tissues) and OS
cell lines. Overexpressing miR-29a-3p aggravated apoptosis, dampened cell proliferation, colony
formation, migration and invasion, and promoted autophagy of OS cells. IGF1 was identified as
a target of miR-29a-3p. IGF1 induced oncogenic effects in OS by activating IGF-1 R/ PI3k/Akt
pathway, and it dampened the tumor-suppressive effect of miR-29a-3p on OS. Taken together,
miR-29a-3p repressed the OS evolvement through inducing autophagy and inhibiting IGF1
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mediated PI3k/Akt/FOXO3 pathway.

1 Introduction

Osteosarcoma (OS) is a primary malignancy that
originates in the metaphysis of the long bones,
principally affecting children, adolescents and
young people. The treatment of OS is mainly sur-
gical resection in conjunction with systemic adju-
vant chemotherapy, and the 5-year survival rate of
patients after treatment is about 60-70% [1].
Disappointingly, decades of research have failed
to significantly improve the overall survival rate
of OS patients, especially those with lung or bone
metastasis, which is below 30% [2]. There is there-
fore an urgent need to address novel molecular
markers and to work toward their application in
clinical strategies against OS.

Autophagy is a process of cell catabolism that
maintains the homeostasis of cells under stress.
Dysregulation of autophagy leads to the emergence
of various diseases, of which neurodegenerative

diseases, inflammatory disorders and cancer are
examples [3]. Therefore, the autophagy inducers
can be used to treat certain malignant tumors [4].
More importantly, studies have confirmed that
activating autophagy suppresses OS and acceler-
ates tumor cell apoptosis [5]. For example, miR-
193b induces autophagy and apoptosis of OS,
thereby increasing its chemosensitivity [6].
MicroRNAs (miRNAs) are small noncoding
RNAs that control the expression of downstream
target genes by degrading mRNAs or inhibiting
their translation post-transcriptionally. It is
worth noting that miRNAs exert carcinogenic
or anti-tumor effects in diversified cancers [7].
As an example, miR-150-5p enhances cell prolif-
eration of colon cancer via targeting the tumor
suppressor gene TP53 [8]. In contrast, miR-150-
5p abates the metastasis and recurrence in non-
small cell lung cancer (NSCLC) by targeting high
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mobility group AT-hook 2 and B- Catenin [9]. In
addition, it is suggested that miRNAs also play
a major part in OS. For instance, miR-342-5p is
lowly expressed in OS tissues and cell lines. miR-
342-5p overexpression substantially restrains OS
cell viability and invasion, while augmenting OS
cell apoptosis [10]. miR-142-3p and miR-129-5p
are down-regulated in OS tissues and cell lines,
where they choke OS cell growth and induce OS
cell apoptosis by targeting HMGBL1 [11]. Besides,
miR-506 [12] and miR-188-5p [13] also act as
tumor suppresser genes that curb the malignant
advancement of OS. As a miRNA, miR-29a-3p
bridles colorectal cancer [14] and hepatocellular
carcinoma [15]. Nonetheless, the contribution of
miR-29a-3p in OS is still difficult to define.

Insulin-Like Growth factor-1 (IGF1) consists of
70 amino acids and weighs 7.6 KDa. There is
evidence that IGF1 exerts a carcinogenic function
in tumors by amplifying tumor proliferation and
inhibiting apoptosis. For instance, Su et al. found
that IGF1 up-regulates matrix metalloproteinase-
11 and enhances cell proliferation and invasion in
gastric cancer by stimulating the JAK/STAT3 axis
[16]. Also, IGF1 is found to be abnormally
expressed in OS and is a potential target for OS
treatment [17]. Moreover, the phosphoinositide
3-kinase/serine/threonine kinase (PI3k/Akt) path-
way controls cell growth, migration, proliferation,
and metabolism in mammalian cells and is
a commonly deregulated pathway in cancer.
Previous research revealed that dampening the
SCL/TALL1 interrupting locus down-regulates the
IGF1/PI3k/Akt axis, thereby delaying gastric can-
cer progression [18]. Moreover, the PI3k/Akt acti-
vation in OS accelerates tumor metastasis [19].
The Forkhead Box Transcription Factors3
(FOXO03) is considered to be a tumor-related tran-
scription factor that modulates cell cycle arrest and
apoptosis. Brunet et al. showed that the activation
of Akt degrades FOXO3, thus hindering apoptosis,
which makes FOXO3 a possible therapeutic target
for cancer [20,21]. Interestingly, Zhou et al. found
that miR-135a promotes NSCLC apoptosis
through the IGF-1/PI3k/Akt signal and inhibits
cell proliferation, migration, invasion and tumor
angiogenesis [22]. Hence, we speculate the regula-
tion of miR-29a-3p on the IGF-1/PI3k/Akt path-
way also influences OS evolvement.

CELL CYCLE (&) 1981

Presently, we aim to make clear the exact
mechanism of miR-29a-3p in the development of
OS, possibly through regulating the IGF-1/PI3k/
Akt pathway. It was discovered that miR-29a-3p
was down-regulated in OS, and overexpressing
miR-29a-3p abated OS development by activating
autophagy and inhibiting the IGF1/PI3k/Akt axis,
which may be the breakthrough of the new treat-
ment for OS.

2 Materials and methods
2.1 Clinical samples

The OS tissues and adjacent non-tumor tissues (at
least 1 cm from the OS boundary) were collected
from OS patients who received surgery in
Zaozhuang Municipal Hospital. The researched
subjects were not treated with radiotherapy or
chemotherapy before the operation, and the clin-
ical specimens were diagnosed by the pathology
department of Zaozhuang Municipal Hospital.
After the samples were collected, they were placed
in —80°C liquid nitrogen and stored frozen until
the experiment was performed. All patients signed
an informed agreement. This research was granted
and supported by the ethics committee of Wuhan
No 1 Hospital.

2.2 Cell culture and transfection

Human OS cell lines 143B, MG-63, HOS, SJSA-1 and
normal osteoblasts hFOB 1.19 were bought from
American Type Culture Collection (ATCC,
Rockville, MD, USA). The above cells were inocu-
lated in the high glucose DMEM medium compris-
ing 10% fetal bovine serum and 1% streptomycin
(Thermo Fisher HyClone, Utah, USA) at 1 x 10°
cells/mL and then were routinely cultured at 37°C
with 5% CO, under completely saturated humidity
for further experiments. Cells were transfected using
Lipofectamine 3000 as per the manufacturer’s direc-
tions (ThermoFisherScience, Waltham, MA, USA).
Briefly, MG-63 and HOS cells in the logarithmic
growth phase were taken and the cell density was
adjusted to achieve 80%-90% fusion. Next, the cells
were inoculated into 12-well plates. Afterward, the
DMEM medium was used for culture, and the pri-
mary culture medium was discarded on the next day
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for transfection. Subsequently, Agomir-miR-29a-3p
(40 nM) and agomir-NC (40 nM) were transfected
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) with the aid of the manufacturer’s directions.
agomir-miR-29a-3p and agomir-NC were synthe-
sized by Ribobio Biotech Co., Ltd. (Guangzhou,
China). Twenty-four hours after the transfection,
the culture medium was substituted with a fresh
complete one, and reverse transcription-polymerase
chain reaction (RT-PCR) was performed to confirm
the transfection efficiency.

2.3 RT-PCR

MG-63 and HOS cells were taken, and the total
RNA was obtained utilizing the TRIzol method
(Invitrogen, Carlsbad, CA, USA). In contrast,
miRNAs were isolated with the use of the
mirPremier® microRNA Isolation Kit (Sigma,
St. Louis, MO, USA). The One Step PrimeScript
miRNA c¢DNA synthesis kit (Bao Biological
Engineering Co., Ltd., Dalian, China) and the
PrimeScript RT kit (Madison, WI, USA) were
adopted to transcribe miR-29a-3p and IGF1 into
cDNA, respectively. We then conducted RT-PCR
by employing SYBR*Premix-Ex-Taq™ (Takara, TX,
USA) and the ABI7300 system. GAPDH served as
the housekeeping gene for IGF1, while U6 served
as that for miR-29a-3p. The primer sequences

included: miR-29a-3p, E:5-
GATGTGCCTTGCTGGGAAA-3’; R: 5-
ACCGGAGACATCTACGTTGCT-3’ IGF1,

F:5-TGTGCTTCTTGACGACTTGC-3; R: 5 “-T
CTGAATCTTGGCTGCTGGA-3"; GAPDH, F:5'-
TGGTTGAGCACAGGGTACTT-3’; R:5°-CCAAG
GAGTAAGACCCCTGG-3. U6: F:5-CTCGCTTC
GGCAGCAGCACATATA-3; R:'5-AAATATGGA
ACGCTTCACGA-3’. The relative expression was
calculated based on the 27T value of each gene,
and all experiments were made three times.

2.4 3- (4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide (MTT) assay

MG-63 and HOS cells were harvested to make cell
suspensions (1 x 10*/mL) after the trypsinization.
Then, the suspensions were inoculated in 96-well

plates (200 pL/well) and cultured at 37°C with 5%
CO, and saturated humidity for 24, 48, 72, 96 and
hours, respectively. Afterward, the primary med-
ium was substituted with a fresh one, with 20 pL
MTT solution (5 g/L) supplemented and main-
tained for another 4 hours. Subsequently, the med-
ium was removed, and each well was
supplemented with 150 uL DMSO, which was
shaken in the dark for 10 min to dissolve the
crystals. The absorbance of each well was deter-
mined at 490 nm with a microplate reader (Bio-
Rad Laboratories, Hercules, CA, USA), and the
experiment was repeated three times.

2.5 Colony formation experiment

The transfected MG-63 and HOS cells were
seeded in 6-well plates at 1000 cells/well and
incubated at 37°C with 5% CO, for two weeks.
Colony formation analysis was carried out fol-
lowing the method of Wang Y et al. [23]. Then,
the cells were carefully flushed three times with
PBS, immobilized with methanol for 20 min and
dyed with crystal violet for 1 min. After that, the
staining solution was washed away with running
water. At last, the number of colonies per well
was calculated under an optical microscope
(Olympus, Tokyo, Japan).

2.6 Flow cytometry

The AnnexinV-FITC double staining method was
implemented to test apoptosis. Following transfec-
tion, MG-63 and HOS cells were trypsinized,
inoculated in 6-well plates at 2 x 10°/well, and
cultured for another 24 hours, with the superna-
tant discarded. The above-treated cells were rinsed
with PBS and then fastened in 70% ethanol.
Afterward, the fixed cells were rinsed with PBS
again, supplemented with 5 pL AnnexinV-FITC
and 5 puL PI, mixed well, and incubated at room
temperature (RT) for 15 min. A flow cytometer
(Beckman Coulter, Fullerton, CA, USA) was
adopted to measure the apoptosis rate within
1 hour. Apoptosis rate = number of apoptotic
cells/(number of apoptotic cells + number of nor-
mal cells) x 100%.



2.7 Transwell assay

Transwell assay was implemented to monitor cell
migration and invasion. MG-63 and HOS cells
were inoculated in the upper transwell chamber
at 5 x 10%/well, and 600 uL of the culture medium
supplemented with 10% FBS was added to the
lower chamber and cultured at 37°C. After
12 hours, the cells in the upper chamber were
wiped off, secured with 4% paraformaldehyde,
dyed with 0.1% crystal violet, dried, photographed,
and calculated. For the cell invasion experiment,
the upper chamber was pre-coated with matrigel
(Biosciences, Lincoln, NE) and seeded with cells,
and the other procedures were the same as for the
migration assay.

2.8 Western blot (WB)

The transfected MG-63 and HOS cells were col-
lected, lysed with RIPA lysate (Beyotime
Biotechnology, Shanghai, China) to extract the
protein. Then, the BCA method (Pierce,
Appleton, WI, USA) was applied to evaluate the
protein content. Afterward, the equivalent quan-
tity of protein was loaded on 12% SDS-PAGE and
transferred to the PVDF membranes, which were
then maintained with the primary Anti-LC3I/II
antibody (ab128025, 1:1000, Abcam, USA), Anti-
Beclinl antibody (ab207612, 1:1000, Abcam,
USA), Anti-p62 antibody (ab91526, 1:1000,
Abcam, USA), Anti-IGF1 antibody (abl06836,
1:1000, Abcam, USA), Anti-PI3k antibody
(Phosphatese) (SRP5280, 1:1000, sigma, USA),
Anti-PI3k antibody (ab140307,1:1000, Abcam,
USA), Anti-Akt (phospho T308) antibody
(ab38449, 1:1000, Abcam, USA), Anti-Akt anti-
body (SAB4500797, 1:1000, sigma, USA), Anti-
FOXO3 antibody (SAB2107951, 1:1000, sigma,
USA), Anti-Bax antibody (ab32503, 1:1000, USA),
Anti-Bcl-2 antibody (ab32124, 1:1000,USA), Anti-
Bad antibody (ab32445, 1:1000,USA), Anti-
E-cadherin antibody (ab40772, 1:1000, USA),
Anti-N-cadherin antibody (ab76011, 1:1000,USA),
Anti-Vimentin antibody (ab92547, 1:1000, USA),
Anti-Snail antibody (ab216347, 1:1000, USA),
Anti-IGF-1 R antibody (ab182408, 1:1000,USA);
Anti-IGF-1 R (phospho Y1161) antibody
(ab39398, 1:1000,USA) and Anti-GAPDH

CELL CYCLE (&) 1983

antibody (ab181602, 1:1000, Abcam, USA) at 4°C
overnight. After being flushed with PBST, the
membranes were rinsed with the HRP-tagged spe-
cific secondary antibody Goat Anti-Rabbit IgG
(ab150077, 1:3000, Abcam, USA) at RT for
2 hours and then rinsed 3 times with PBST.
GAPDH served as the internal reference. The
Image Lab system (Bio-Rad, Shanghai, China)
was employed to quantify the band intensity.

2.9 Tumor formation experiment in nude mice

Female BALB/c nude mice (6-8 weeks old) were
bought from the Animal Experiment Center of
Huazhong University of Science and Technology
and were raised in an SPF-free environment. MG-
63 cells were transfected with agomir-miR-29a-3p
(40 nM) and agomir-NC (40 nM) for 24 hours,
and then made into single-cell suspensions. Then,
the cells were adjusted to 2 x 10°/mL and subcu-
taneously injected into each nude mouse, which
was fed under SPF. The mice’s diet, activity and
general condition were closely monitored. The
mice’s tumor volumes were gauged from the 12
day after the subcutaneous injection and thereafter
assayed every four days. Tumor volume = length x
width® x 0.5. The mice were sacrificed six weeks
later, and the tumor was carefully peeled off,
weighed, and subjected to WB and IHC.

2.10 Dual-luciferase reporter assay

The targeting association between miR-29a-3p and
the 3'-untranslated region (3'-UTR) of IGF1 was
validated by the dual-luciferase reporter gene
assay. TargetScan (http://www.targetscan.org/)
predicted that IGF1 was an essential target for
miR-29a-3p. The WT 3’-UTR fragment of the
wild-type (WT) IGF1 sequence was amplified and
inserted into the pmirGLO dual-luciferase miRNA
target expression vector (Promega Corp., Madison,
WI, USA) to build the reporter vector pmirGLO-
IGF1-WT.  The  GeneArt™  Site-Directed
Mutagenesis PLUS System (cat. no. A14604;
Thermo Fisher Scientific, Inc.) was adopted to
mutate the putative binding site of the miR-29a-
3p family in IGF1 3'-UTR. In parallel, the mutant
(MUT) IGF1 3'-UTR was inserted into the
pmirGLO vector to form the reporter vector
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pmirGLO-IGF1 -MUT. The corresponding repor-
ter vectors (80 ng/ml) and miR-29a-3p agomir
(40 nmol/L) or agomir-NC (40 nmol/L) were co-
transfected into MG-63 and HOS cells and then
incubated for 48 hours. After that, the experiment
was done by observing the guidelines of dual-
luciferase detection (Promega, Beijing, China).
The relative fluorescence intensity of different
treatment groups was established based on the
ratio of firefly fluorescence intensity/renilla fluor-
escence intensity gauged by the microplate reader.

2.11 Statistical analysis

The GraphPad Prism 6 software (GraphPad
Software, Inc., city, state) was applied for analysis.
The measurement data were denoted by mean +
standard deviation (x + s). One-way ANOVA was
employed for multivariate comparison, and the
student’s ¢ test was utilized to compare the two
groups. The correlation between miR-29a-3p and
IGF1 was determined by the Pearson correlation
test. P < 0.05 was deemed statistically significant.

3 Results

3.1 miR-29a-3p was down-regulated in OS
tissues and cells

Firstly, the miR-29a-3p profile was verified by RT-
PCR, confirming that miR-29a-3p’s expression was
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downregulated in OS tissues compared with that
in the adjacent non-tumor tissues tissues (P < 0.05,
Figure 1(a)) and lower in OS cell lines versus in
normal human osteoblast hFOB 1.19 (P < 0.05,
Figure 1(b)). Additionally, by analyzing the asso-
ciation between the miR-29a-3p level and clinical
sample characteristics, we discovered that the
lower miR-29a-3p expression indicated later clin-
ical stages of OS patients and more significant
distant metastasis (P < 0.05, Table 1). The above
conclusions illustrated miR-29a-3p was linked to
a better prognosis of OS patients.

3.2 miR-29a-3p hindered OS cell proliferation,
colony formation, migration and invasion, and
facilitated apoptosis

To assay the impact of miR-29a-3p on OS cells, we
transfected miR-29a-3p agomir and negative control
agomir-NC in MG-63 and HOS cells and checked the
miR-29a-3p profile in cells at days 1, 3, 7 and 14 after
transfection. The outcomes displayed that miR-29a-
3p was up-regulated in MG-63 and HOS cells trans-
fected with miR-29a-3p agomir versus the NC group,
with the most pronounced up-regulation at day 1
and day 3 (Figure 2(a)). Next, OS cell proliferation,
colony formation, migration, invasion, and apoptosis
were detected with different methods. The data sub-
stantiated that up-regulating miR-29a-3p attenuated
OS cells’ proliferation and colony formation (Figure 2
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Figurel. miR-29a-3p was down-regulated in OS tissues and cells. A-B. RT-PCR gauged the level of miR-29a-3p in OS tissues and the
adjacent non-tumor tissues (A) and in human OS cell lines 143B, MG-63, HOS, SJSA-1 and normal human osteoblast hFOB 1.19 (B).
** *** represents P < 0.01 and P < 0.001 vs.Normal group or hFOB 1.19 group.



Table 1. Association between clinicopathological features and
the miR-29a-3p expression in OS tissues (n = 25).
miR-29a-3p Expression

Variable Low (n = 16) High (n =9) P-value

Age 10 6 0.835
<20 6 3
>20

Gender 7 5 0.571
Female 9 4
male

Tumor size 8 3 0.420
<8 cm 8 6
>8 cm

TNM 12 2 0.011*
-1l 4 7
n-1v

Distance metastasis 3 6 0.006*
Yes 13 3
No

* P < 0.05, the difference was significant

(b-d)). Additionally, flow cytometry data exhibited
that enhancing the miR-29a-3p level intensified OS
cell apoptosis (Figure 2(e)). As revealed by the WB
data, up-regulating miR-29a-3p caused facilitation in
the expression of the pro-apoptotic proteins Bax and
Bad and attenuation in the profiles of the apoptosis-
inhibitory protein Bcl-2 in MG-63 and HOS cells
versus the NC group (Figure 2(f)). Moreover, the
transwell result indicated that OS cells’ migration
and invasion were distinctly choked following miR-
29a-3p overexpression (Figure 2(f)). In addition, WB
outcomes displayed that up-regulating miR-29a-3p
enhanced the E-cadherin expression and restrained
the levels of N-cadherin, Vimentin, and Snail in MG-
63 and HOS cells in comparison to the NC group
(Figure 2(g)). Taken together, miR-29a-3p repressed
OS development.

3.3 miR-29a-3p induced autophagy and
inactivated the PI3k/Akt/FOXO3 axis

We performed WB to compare the levels of autop-
hagy-related proteins LC3II/LC3I, Beclinl and p62,
and the IGF-1 R and PI3k/Akt/FOXO3 pathways to
probe the mechanism underlying the inhibition of
OS progression by miR-29a-3p. The results mani-
fested the miR-29a-3p mimics’ transfection facili-
tated the expression of LC3II/LC3I and Beclinl and
attenuated p62 (Figure 3(a)). Furthermore, forced
miR-29a-3p expression abated p-IGF-1 R, p-PI3k
and p-Akt and enhanced the FOXO3 level
(P < 0.05, Figure 3(b)). Thus, miR-29a-3p facilitated
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the autophagy of OS cells by attenuating the PI3k/
Akt/FOXO3 pathway.

3.4 miR-29a-3p abated OS growth in vivo and
induced autophagy

Further, we characterized the role of miR-29a-3p
in OS in vivo. Briefly, MG-63 cells transfected with
agomir-miR-29a-3p were subcutaneously adminis-
tered to nude mice, and tumor volume and weight
were observed and measured. The results illu-
strated that the tumor volume and weight in the
miR-29a-3p group were lower versus the NC
group (P < 0.05, Figure 4(a-c)). Next, we per-
formed THC and discovered that tumor tissues
with up-regulated miR-29a-3p had lower expres-
sion of Ki67 (Figure 4(d-e)), p-IGF-1 R (Figure 4
(), p-PI3K (Figure 4(g)), and p-AKT (Figure 4
(h)) versus the NC group. Then, the expression of
autophagy-related proteins and p-PI3k and p-Akt
were compared by WB. As a result, the transfec-
tion of agomir-miR-29a-3p strengthened LC3II/
LC3I and Beclinl levels in vivo and lowered p62
expression (P < 0.05, Figure 4(i)). Besides, miR-
29a-3p abated p-IGF-1 R, p-PI3k and p-Akt while
up-regulated FOXO3 as indicated by western blot
result (P < 0.05, Figure 4(j)). At last, we gauged the
miR-29a-3p profile in tumor tissues using RT-
PCR, which uncovered that miR-29a-3p was nota-
bly up-regulated in the miR-29a-3p group versus
the NC group (P < 0.05, Figure 4(k)). These con-
clusions confirmed that miR-29a-3p dampened OS
growth, induced autophagy, inactivated the PI3k/
Akt pathway, and up-regulated FOXO3 in vivo.

3.5 miR-29a-3p targeted the 3'UTR of IGF1

By querying the Starbase (http://starbase.sysu.edu.
cn/), we corroborated that IGF1 was a vital down-
stream target of miR-29a-3p (Figure 5(a)). Then,
the correlation between the two was determined
by the dual-luciferase reporter assay. It turned out
that the transfection of agomir-miR-29a-3p nota-
bly inhibited IGF1-WT, while it had little impact
on IGF1-MUT (P < 0.05, Figure 5(b-c)). Next,
Pearson correlation analysis affirmed that miR-
29a-3p was reversely related to IGF1 (R* = 0.425,
Figure 5(d)). Moreover, the IGF1 profile in OS
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Figure 2. miR-29a-3p attenuated OS proliferation, colony formation, migration and invasion, and promoted apoptosis. The miR-29a-3p
agomir and agomir-NC were transfected in MG-63 and HOS cells and cultured for 1-14 days. A: The miR-29a-3p profile in MG-63 and HOS cells
was gauged using RT-PCR at dayS 1, 3, 7, and 14 after transfection with miR-29a-3p agomir and negative control. B-C: MTT was conducted to
test cell proliferation, *P < 0.05; **P < 0.01; ***P < 0.001 (Vs.NC group). D: The number of cell colonies formed was assessed using the colony
formation experiment at day 14 of transfection with miR-29a-3p agomir and agomir-NC. E: Flow cytometry was carried out to validate
apoptosis. F: WB assayed the levels of Bax, Bcl-2 and Bad in MG-63 and HOS cells. F: Cell migration and invasion were compared by Transwell
assay. G: WB was applied to test the profiles of E-cadherin, N-cadherin, Vimentin, and Snail in MG-63 and HOS cells. Data were expressed as
mean + SD. N = 3. *P < 0.05; **P < 0.01; ***P < 0.001 vs.NC group.
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tissues and adjacent non-tumor tissues was mon-
itored by RT-PCR, which substantiated that the
IGF1 level in OS tissues was higher versus non-
tumor tissues adjacent to tumor (P < 0.05, Figure 5
(e)). Furthermore, WB illustrated that the IGF1
expression in OS cell lines was generally higher
than that in hFOB 1.19 (P < 0.05, Figure 5(f)).
Meanwhile, RT-PCR testified that transfection of
agomir-miR-29a-3p in OS cell lines resulted in
lower expression of IGF1 versus the NC group
(P < 0.05, Figure 5(g)). These outcomes hinted
that miR-29a-3p targeted IGF1 and was an under-
lying therapeutic target for OS, while IGF1 was up-
regulated in OS.

3.6 IGF1 enhanced OS cell proliferation, colony
formation, migration and invasion, and abated
apoptosis and autophagy

The above studies imply that miR-29a-3p targets
IGF1, but it is poorly understood about the role of

IGF1 in OS. Hence, we treated MG-63 cells with
IGF1 (100 ng/mL), the IGF-1 R inhibitor Linsitinib
(OSI-906,75 nM), and the PI3K inhibitor SF2523
(34 nM) for confirming IGF1-mediated mechanism.
OS cell proliferation, colony formation, apoptosis,
migration and invasion were monitored by the
MTT assay, colony formation experiment, western
blot and transwell assay. Interestingly, IGF1 treat-
ment enhanced OS cell proliferation, migration,
invasion, colony formation and EMT and abated
apoptosis. Inhibition of IGF-1 R or PI3K led to the
depression of OS cell proliferation, migration, inva-
sion, and EMT and increment of apoptosis (P < 0.05,
Figure 6(a-f)). Further, WB gauged the expression of
LC3II/LC3], Beclinl, p62, and the IGF-1 R and PI3k/
Akt/FOXO3 pathways. The results verified that IGF1
dampened the expression of LC3II/LC3I and
Beclinl, up-regulated p62, activated IGF-1 R, PI3k
and Akt phosphorylation, and down-regulated
FOXO3. In contrast, attenuation of IGF-1 R raised
LC3II/LC3I and Beclinl expression, down-regulated
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Figure 4. miR-29a-3p curbed OS growth and facilitated autophagy in vivo. MG-63 cells transfected with miR-29a-3p agomir and
agomir-NC were subcutaneously injected in nude mice. A: Diagram of a subcutaneously excised tumor. B: The tumor volume was
determined from the 12™ day after the tumor formation experiment and then gauged every 4 days. C: The mice were sacrificed on
the 28™ day, and the tumor was cut out and weighed. D-G: IHC checked the expression of Ki67 (Figure 4d-e), p-IGF-1 R (figure 4f),
p-PI3K (Figure 4g) and p-AKT (Figure 4h) in tumor tissues. Scale bar = 50 pM. | and J: WB was employed to monitor the expression of
LC3II/LC3I, Beclin1, p62, p-IGF-1 R, p-PI3k, p-Akt and FOXO3 in tissues. K: The miR-29a-3p level in tumor tissues was estimated by RT-
PCR. Data were expressed as mean = SD. n = 5. nsP>0.05, *P < 0.05, **P < 0.01, ***P < 0.001 (vs.NC group).

p62, repressed phosphorylation of IGF-1 R, PI3kand ~ dampened the phosphorylation of PI3k and Akt,
Akt, and up-regulated FOXO3. More notably, PI3K  and up-regulated FOXO3, but it had no significant
inhibition stimulated the autophagic pathway, impact on p-IGF-1 R expression (P < 0.05, Figure 6
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expression. **P < 0.01; *** P < 0.001 (vs.hFOB 1.19 group).

(g, h)). These data substantiated that IGF1 exacer-
bated the malignant behaviors of OS cells, hindered
autophagy, and activated the IGF-1 R/PI3k/Akt axis.

3.7 IGF1 weakened the tumor-suppressive effect
of miR-29a-3p

We conducted a compensation experiment to ver-
ity the effect of IGF1 on miR-29a-3p’s tumor-
suppressive effects. Briefly, IGF1 (100 ng/ml) was
administered into MG-63 cells with agomir-miR
-29a-3p transfection, and RT-PCR was conducted
to measure the miR-29a-3p level. It was found that
IGF1 didn’t significantly alter miR-29a-3p level
(P > 0.05 vs.miR-29a-3p group, Figure 7(a)).
Then, the MTT assay, colony formation experi-
ment, western blot and transwell assay were
adopted to verify MG-63 cell proliferation, colony,
apoptosis, migration and invasion. Interestingly,
by contrast with the miR-29a-3p group, IGF1

increased OS cell proliferation, migration, invasion
and colonies (P < 0.5, Figure 7(b-e)). The Western
blot results showed that compared with miR-29a-
3p group, IGF1 treatment reduced Bax, Bad,
LC3II/LC3I, Beclinl, E-cadherin, FOXO3, whereas
promoted Bcl2, N-cadherin, Vimentin, p62,
p-IGF-1 R, p-PI3k and p-Akt expression (P < 0.5,
Figure 7(h, i)). Hence, IGF1 partially eliminated
the tumor-suppressive effect of miR-29a-3p on OS.

4 Discussion

OS is the most commonly seen malignant bone
tumor in young people. For decades, OS patients’
five-year survival rate has been stagnant at around
70% [24]. In this setting, the rising incidence rate
and the declining overall cure rate are insidious. In
particular, the five-year survival rate of metastatic
OS can be reduced to 20%-30% [25]. As reported,
noncoding RNAs subserve the diagnosis,
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Figure 6. IGF1 enhanced OS proliferation, colony formation, migration and invasion, and abated apoptosis and autophagy. We
treated MG-63 cells with IGF1 (100 ng/mL), the IGF-1 R inhibitor Linsitinib (OSI-906,75 nM), and the PI3K inhibitor SF2523 (34 nM) for
24 hours, respectively. A: MTT assay was employed to testify cell proliferation. B: The colony formation experiment was adopted to
count cell colonies. C-D: Transwell assay was implemented to verify cell migration and invasion. E. WB checked the expression of Bax,
Bcl-2 and Bad in cells. F: WB tested the profiles of E-cadherin, N-cadherin, Vimentin, and Snail in cells. G and H: WB was conducted to
examine the expression of LC3II/LC3I, Beclin1, p62, p-IGF-1 R, p-PI3k, p-Akt and FOXO3 in tissues. Data were expressed as mean +
SD. N = 3. *P < 0.05; **P < 0.01; ***P < 0.001 (vs. control group).
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Figure 7. Overexpressing IGF1 suppressed the anti-tumor effects of miR-29a-3p. MG-63 cells were transfected with miR-29a-3p
agomir and/or treated with IGF1 (100 ng/ml) for 24 hours. A: RT-PCR was conducted to test the miR-29a-3p profile. B: The MTT assay
was implemented to monitor cell proliferation; C: The number of cell colonies was counted by the colony formation test.
D-E. Transwell assay was implemented to verify cell migration and invasion. F: The protein levels of Bax, Bcl-2 and Bad were
compared by WB. G: WB assayed E-cadherin, N-cadherin, Vimentin, and Snail expression. H and I: WB was done to monitor the
expression of LC3II/LC3I, Beclin1, p62, p-IGF-1 R, p-PI3k, p-Akt and FOXO3 in tissues. Data were expressed as mean + SD. N = 3.
*P < 0.05; **P < 0.01**; ***P < 0.001 (vs. NC group); #P < 0.05; ##P < 0.01; ###P < 0.001 (vs.miR-29a-3p group).



1992 S.QIET AL.

treatment, and prognosis of OS [26-28]. Here, we
study the specific mechanism by which miR-29a-
3p targets IGF1 to regulate autophagy and influ-
ence the progress of OS. We observed that over-
expressing miR-29a-3p retarded the proliferation,
migration and invasion of MG63 and U20S cells
and induced apoptosis. At the same time, we con-
cluded that miR-29a-3p exerted tumor-suppressive
effects by targeting IGF1 to repress the PI3K/Akt
axis and thereby up-regulating FOXO3 (Figure 8).

Autophagy is a highly conservative metabolic
breakdown mechanism first proposed by
Christian de Duve in 1963. Autophagy has been
increasingly identified as a possible target for treat-
ing malignancies in the last few years [29]. For
instance, Zhang et al. held that DEAD-box protein
5 (DDX5) activates autophagy through the p62/
SQSTM1 axis, thereby dampening the occurrence
and development of hepatocellular carcinoma [30].
A similar autophagic effect is also observed in OS.
For example, Liu et al. proved that Apatinib
induces OS autophagy and promotes apoptosis
by inhibiting VEGFR2, STAT3 and BCL-2, thus
inhibiting OS [31]. Also, estrogen receptor  (ERpB)
exerts an anti-proliferative role in OS by inducing
autophagy [32]. Besides, STF ¢cDNA 3 (TSSC3)
strengthens autophagy by attenuating the PI3k/
Akt/mTOR axis to slow the occurrence and
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Figure 8. The Schematic diagram. MiR-29a-3p is downregulated
in OS cells. miR-29a-3p targets IGF1 and inhibits its expression.
IGF1 activates IGF-1 R/PI3K/AKT/FOXO3 pathway and induces
enhanced migration, invasion, proliferation and growth of OS
cells.

metastasis of OS [33]. Thus, activating autophagy
is a new target for OS therapy. This study reveals
that autophagy is activated by miR-29a-3p in OS,
thereby contributing to tumor repression.

MiRNAs bind to the mRNA 3’-UTR of their
target genes, thereby silencing the target gene’s
mRNAs. Recent studies have confirmed that
miRNAs have great potential in cancer diagnosis,
treatment and prognosis [34]. Also, the anti-tumor
characteristics of miRNAs are present in OS. For
instance, miR-223-3p is down-regulated in OS,
which dampens tumor metastasis and progression
by targeting Cadherin-6 [35]. As another example,
overexpressing miR-139-5p attenuates cell prolif-
eration, migration and invasion, and inhibits OS
development by targeting DNA methyltransferase-
1 [36]. Besides, miR-761 inactivates the PI3k/Akt
pathway through fibroblast growth factor receptor
1 and exerts the inhibitory effect in OS [37].
Moreover, miR-29a-3p is absent in multiple can-
cers and is considered a tumor suppressor.
Meanwhile, miR-29a-3p is reported to negatively
regulate myeloid cell leukemia sequence 1, which
is a possible target for the diagnosis and treatment
of acute myeloid leukemia [38]. Another study
revealed that miR-29a-3p targets Prominin 1 to
inhibit laryngeal cancer cell proliferation [39].
Furthermore, Ma et al. claimed that overexpres-
sing miR-29a-3p inhibits NF-kB through OTUB2,
thereby attenuating cell proliferation, invasion and
growth in papillary thyroid cancer [40]. However,
there are few reports about the function of miR-
29a-3p in OS. Hence, we speculated that miR-29a-
3p also restrained OS. Fortunately, our experi-
ments testified that the expression of miR-29a-3p
is absent in OS, and the transfection of agomir
miR-29a-3p abated cell proliferation, migration,
invasion and colony formation and facilitated
apoptosis both in vivo and in vitro, resembling
the above research and confirming our
predictions.

The activation of the IGF family accelerates the
development and metastasis of cancer and causes
pathological growth and differentiation [41]. For
instance, Lei et al. found that IGF1 expedites the
growth and metastasis of hepatocellular carcinoma
by dampening the degradation of Cathepsin
B [42]. Also, Dang et al. reported that miR-3941
targets and negatively modulates IGF1 and refrains



cell proliferation, migration and invasion of breast
cancer [43]. It is worth noting that the aberrant
expression of IGF1 is strongly linked to some bone
diseases [44,45]. On this basis, we are very curious
about the impact of IGF1 on OS. Literature studies
have found that IGF1, an important target of miR-
29, enhances OS angiogenesis [46]. Besides,
Armakolas et al. held that the IGF1 level is impli-
cated in the poor prognosis of OS [47]. Moreover,
miR-26a targets and inhibits the IFG1 expression,
thereby exerting anti-tumor effects in OS [48].
Similarly, our study discovered that overexpres-
sion of IGF1, an important downstream target of
miR-29a-3p, not only aggravated the malignant
biological behaviors of OS, but also counteracted
the tumor-suppressive function of miR-29a-3p.
The PI3k/Akt signal is involved in various bio-
logical processes and is often abnormally activated
in cancer. Its transcriptional activation is impli-
cated in cell growth and proliferation and contri-
butes to tumor progression by regulating
epigenetic genes [49]. As an example, Tang et al.
have corroborated that miR-133a-3p avoids bone
metastasis of prostate cancer by inhibiting the
PI3k/Akt axis [50]. Additionally, Chen et al.
showed that miR-191-5p targets EGR1 to trigger
the PI3k/Akt pathway and expedite OS evolvement
[51]. Other studies have shown that miR-939-5p
inactivates the PI3k/Akt axis by regulating IFG-
1 R, thereby suppressing OS [52]. On the other
hand, the inhibitory effect of FOXO3 in malignant
tumors has been well-established [53,54].
Meanwhile, FOXO3 is an autophagy degradation
substrate, which corrects autophagy inhibition by
activating autophagy-related genes [55]. More
importantly, Mitoxantrone induces OS apoptosis
and inhibits cell proliferation through the Akt/
FOXO3 axis [56]. Here, we found through experi-
ments that miR-29a-3p promotes autophagy, inac-
tivates the PI3k/Akt axis, and increases the
FOXO3 level. In parallel, IGF1 is reversely modu-
lated by miR-29a-3p, and overexpressing IGF1
attenuates autophagy, activates the PI3k/Akt sig-
naling pathway, and dampens the FOXO3 level.
Collectively, miR-29a-3p is down-regulated in OS,
and it obviously dampens the malignant biological
behaviors of OS and promotes autophagy by regulat-
ing the PI3k/Akt/FOXO3 axis. Meanwhile, IGFI is
a vital downstream target of miR-29a-3p. miR-29a-
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3p targets IGF1 to control the PI3k/Akt/FOXO3 axis,
activates autophagy, and inhibits OS progression.
This study provides the impetus for formulating
a new treatment strategy for OS, while it needs
further in-depth research for clinical application.
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